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Abstract

Abstract

ZFP36L1 belongs to a class of RNA-binding proteins known as the ZFP36 protein
family which consist of three other members namely ZFP36, ZFP36L2 and ZFP36
All the members of the ZFP36 protein family have been reported to bind to the ARE in
the 3' UTR regions of the target mMRNA (via the zinc finger domains) and subsgquentl
result in the destabilization and degradation of the mRNA. Established targets of
ZFP36L1 include TNFe, GM-CSF, VEGF, IL-3, c-IAP2, NOTCH1, STAR, STAT5b
and DIll4. The knowledge about the function of ZFP36L1 and its role in post-
transcriptional regulation in B-cell development is extremely limited. Timegoy aim

of this project was to investigate role of ZFP36L1 in regulating Bdsslelopment, in
particular late B-cell development (plasma-cell differentiation)LBQells (provide a
model system to study plasma-cell differentiation) were found to exptassaky

high levels of ZFP36L1 and the cytokine-induced plasmacytic differentiatien wa
associated with downregulation of ZFP36L1 expression. In order to determineta dire
involvement of a downregulation of ZFP36L1 expression in plasmacytic
differentiation process, lentiviruses expressing ShRNAs targetindpB&z mRNA

were employed to downregulate ZFP36L1 expression in BCL-1 cells.d#ifici
downregulation of zfp36l1 MRNA expression and ZFP36L1 protein expression was
established in unstimulated BCL1.zfp36I1.RNAi cells. It was observed that
BCL1.zfp3611.RNAI cells produced higher amounts of IgM compared with control
cells. This result suggested that a downregulation of ZFP36L1 expression in BCL-1
cells results in an increase in IgM production (a phenotype associated viith 8€lis
undergoing plasmacytic differentiation). The results seem to be congsiste other
studies suggesting a role of ZFP36L1 in negatively regulating diffetientialthough

this would need to be investigated further.
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1.1 Zinc Finger Protein 36 (ZFP36) Family

1.1.1 Members and structure of the ZFP36 protein family

The ZFP36 protein family are a class of RNA-binding proteins consistifogiof
mammalian members namely ZFP36, ZFP36L1, ZFP36L2 and ZFP36L3 (Blackshe
2002;Blackshear et al. 2005). Each member has been referred by several distinct
names in different papers. Other names for ZFP36 include (TIS11, TTP, NUP475,
G0S24), for ZFP36L1 include (TIS11b, Berg36, ERF1, BRF1, cMGl)fand
ZFP36L2 include (TISIld, ERF2, BRF2) (Baou et &€009).

The zfp36 gene (which encodes ZFP36 protein) warsed and identified by several
groups, namely DuBois et al. 1990; Lai et al. 19B8@ylor et al. 1991 and Varnum
et al. 1989. These studies described zfp36 asid-n@pnediate early response gene
induced when cells were stimulated with growth fest@erum), phorbol esters
(TPA) or insulin. The zfp36l1 gene was cloned frommonic lymphocytic leukaemia
(CLL) cells induced to undergo plasmacytoid diffdration in-vitro by phorbol 12-
myristate 13-acetate (PMA) (Murphy & Norton 1998FP36L1 and ZFP36L2 were
identified as proteins having high degree of seqeemmilarity to the zinc finger
domains of ZFP36 (Varnum et al. 1991). Blacksheal iet2005 identified the

fourth member of ZFP36 protein family (ZFP36L3), it was described as aanuri
specific member of the ZFP36 protein family (Blackshear et al. 2005).

Figure 1-1| Schematic of the zinc finger domains of ZFP36 protein familyThe
figure shows the zinc finger domains (black circles indicate cysteinessiialine
residues).The figure is adapted from (Brewer et al. 2004).
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All the members of the ZFP36 protein family have two tandem zinc fingeaids
(CXsCXsCX3H, where X represents variable amino acids) which araratgd by 18
amino acid residues and preceded by the sequence (R/K) YKEEEt(al. 2000).

Figure 1.1 is a schematic of the zinc finger domains of the ZFP36 protein fanaly. Th
zinc fingers domains are highly conserved between ZFP36, ZFPRALAFR®P36L 2,
however the other regions (C and N-terminal domains) have fewer common amino
acid sequences (Lai et al. 2000). Figure 1.2 shows the percent amino acid identity of
different regions of ZFP36L1 and ZFP36L2 compared to ZFP36.

All the members of the ZFP36 protein family have been reported to bind to the ARE in
the 3' UTR regions of the target mMRNA (via the zinc finger domains) and subsgquentl
result in the destabilization and degradation of the mRNA (Baou et al. 2009). The
integrity of both the zinc finger domains is vital for binding to the target mRNA, this
was demonstrated in the study by Lai et al in 1999, where they reported tha¢ a sing
mutation of a cysteine residue in either zinc finger domains to arginine cob$ydera
decreased the binding of ZFP36 to the TARE (Lai et al. 1999).

Activation Activation
Domain Domain
ZFP36 . —
1 100 174 326 aa
NDT RBD (Zn) CTD
ZFP36L1 . —

1 111 68% 185 29% 338 aa

ZFP36L2 | e
1 25% 150 69% 224 39% 494 aa

Figure 1-2| Schematic representation of ZFP36, ZFP36L1 and ZFP36LZhe percent
amino acid identity of ZFP36L1 and ZFP36L2 compared to the NTD, RNA-binding domain
and CTD of ZFP36 are shown. The RNA binding zinc finger domain is indicatecti bla
(RBD-Zn). The N-terminal (NTD) and the C-terminal (CTD) arecated in red. The figure is
adapted from (Lykke-Andersen & Wagner 2005).

The optimal binding sequence for the ZFP36 protein family members has no¢get be
fully established. Although several studies have suggested the optimal binding
sequence to be the nonamer UUAUUUAUU (Blackshear et al. 2003;Cao
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2004;Hodson et al. 2010;Hudson et al. 2004;Lai et al. 2005;Lin et al.
2008;Worthington et al. 2002) other have reported the optimal binding sequence to be
either AUUUA, AUUUUA, UUUAUUU or UUUAUUUAUU (Brewer et al.
2004;diTargiani et al. 2006;Kim et al. 2010a;Michel et al. 2003). In fact one study
reported that only 44% of ZFP36 target mMRNAs contained the nonamer
UUAUUUAUU (Stoecklin et al. 2008).

Figure 1.3 summarizes the endogenous mMRNA expression levels of the zfp36 family
member in normal human tissues. This figure is adapted from Carrick & Blackshear
2007. The mRNA expression levels of all three family members in the same tissues
was analysed by real-time PCR assay. It was reported that the |le¥%eB6f zfp3611

and zfp3612 mMRNA expression was generally low in testiclessrpas, muscles,
stomach, liver, spleen, heart, placenta, kidney and brain. Higleds \&ere reported

in bladder, colon, lung and cervix. The highest levels of zfp36, zfp36I1 and zfp36I12
MRNA expression were reported in cervix, lung, and thymus resphc(Carrick &
Blackshear 2007).

Expression of zfp36 family members in normal human tissue
(normalized for total cDNA content)

ozfp36 mzfp3611 o zfp36I2

8000

(copy numbers/ul)

2000

mRNA expression levels

—
(]
(]
QO
E ]
cervix ST T

liver
thymus
kidney

testicles
pancreas
skel muscles
stomach
spleen

heart
placenta
brain

adtenal

small intestine
ovary
bladder
colon

lung

Figure 1-3| The mRNA expression levels of the zfp36 family members in normal
human tissues.The transcript expression levels of the three family members are
compared by quantitative Real-Time PCR. The data presented is according to
ascending zfp36 mMRNA levels. The graph is adapted from (Carrick & Blackshear

2007).
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1.1.2 The involvement of ZFP36 protein family in post-transcriptional gene
regulation

The ZFP36 protein family has been reported to belued in ARE-mediated mRNA
decay. Carballo et al in 1998 were one of the first groups to report that 36 ZF
protein family is involved in ARE-mediated mRNA decaytheir study, they
reported that ZFP36 degrades the tumour necrodisrfag (TNF-o) mRNA and this
was a result of direct binding of ZFP36 to the ARE of the TNRRNA (Carballo et
al. 1998). Since then numerous groups have reported thex TINENA as a target of
ZFP36, in fact it is one of the most well known target of the ZFP36 (Chen et al
2006;Hau et al. 2007;Jalonen et al. 2006;Johnson &Bilelt 2002;Lai et al.
1999;Lai et al. 2000;Maclean et al. 1998;Patil eR@D8;Suzuki et al. 2006).

Other than TNFe mMRNA, the granulocyte-macrophage colony-stimulating-factor
(GM-CSF), vascular endothelial growth factor (VEGF) and cyclo-ongge — 2

(COX-2) mRNA are also well established targets of ZFP36 (Carbadlio 2000;Cha

et al. 2011;Ciais et al. 2004;Essafi-Benkhadir et al. 2007;Hau et al. 2007;Lee et al.
2010a;Lin et al. 2008;Sawaoka et al. 2003;Sully et al. 2004;Suswam et al. 2008;Suzuki
et al. 2006;Tudor et al. 2009;Van et al. 2011). A number of interleukins (IL) have been
reported as targets of ZFP36 namely, IBA, IL-2, IL-3, IL-5, IL-6, IL-8, IL-10 and

IL-12 (Balakathiresan et al. 2009;Chen et al. 2006;Hau et al. 2007;Jalonen et al.
2006;0gilvie et al. 2005;Patil et al. 2008;Raghavan et al. 2001;Stoecklin et al.
2000;Stoecklin et al. 2001;Stoecklin et al. 2008;Suswam et al. 2008;Tudor et al.
2009;Van et al. 2011). Interestingly, ZFP36 has been reported to bind to 3' UTR
region of its own mRNA and negatively regulate its own expression (Brooks et al.
2004;Lin, N.Y. et al. 2007;Tchen et al. 2004).

Table 1.1 summarizes the reported targets of the ZFP36 protein family. A number of
these targets have been investigated by ectopically expressingdhnendimembers of

the ZFP36 protein family in easily tranfectable cell-lines such as moueblébts

(NIH-3T3) cells or human embryonic kidney (293T) cells. The cells were then
transfected with reporter constructs where eithfggobulin or a luciferase region

was present upstream the 3'UTR region of the target mRNA. Direct interacti

between the protein and target mMRNA has been studied using techniques such as RNA
mobility shift assays (REMSA) or RNA immunoprecipitation assay (RIP).
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Table 1-1| Reported mRNA targets of ZFP36 protein family**

Protein
ZFP36
GOS24

ZFP36L1 TIS11b, Berg36,

ERF-1, BRF-1

ZFP36L2 TIS11d, ERF-2,

BRF-2

TIS11, TTP, NUP475, TNF*

GM-CSF

IL-3

IL-6
cyclooxygenase
PAI type 2

Pitx2

TIS11

IL-2
1,4galactosyltransferase
IL-12

Ccl2

Ccl3

c-myc

cyclin D1

Fos

ler3

Genome analysis 250 mRNAs

MIP-2
p21
E47
VEGF
IL-10

Genome analysis 137 mRNAs

polo-like-kinase 3
TNF

GMCSF

IL-3

VEGF

c-IAP2

VEGF

STAR

TNF
GM-CSF
IL-3

Alternative Name Reported mRNA Targets Reference Paper

Carballo et al. 1998
Carballo et al. 2000
Stoecklin et al. 2000
Stoecklin et al. 2001
Sawaoka et al. 2003
Yu et al. 2003
Briata et al. 2003
Brooks et al. 2004
Ogilvie et al. 2005
Gringhuis et al. 2005
Jalonen et al.2006
Sauer et al. 2006
Sauer et al. 2006
Marderosian 2006
Marderosian 2006
Patino et al. 2006
Lai et al. 2006

Lai et al. 2006
Jalonen et al.2006
Patino et al. 2006

Frasca et al. 2007

Essafi-Benkhadir et
al. 200"

Stoecklin et al. 2008
Stoecklin et al. 2008
Horner et al. 2009
Lai et al. 2000

Lai et al. 2001
Stoecklin et al. 2002
Ciais et al. 2004
Lee et al. 2005

Bell et al. 2006
Duan et al. 2009

Lai et al. 2000
Lai et al. 2001
Lai et al. 2001

Mechanism

mRNA stability
mRNA stability
mRNA stability
mRNA stability
mMRNA stability
MRNA stability
mMRNA stability
mMRNA stability
mRNA stability
mMRNA stability

?
mMRNA stability
mMRNA stability
MRNA stability
mMRNA stability
mMRNA stability
mMRNA stability
mRNA stability
?
mRNA stability
mRNA stability
mMRNA stability
mMRNA stability
mMRNA stability
mMRNA stability
mMRNA stability
mRNA stability
mRNA stability
mMRNA stability
mMRNA stability
translation
MRNA stability

mMRNA stability
mMRNA stability
mRNA stability

*Targets in bold confirmed in cells derived from kkout animals are so-called "physiological” targets
**Table adapted from Baou et al. 2009
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A study investigating the role of IL-4 in regulating TNFproduction by mast cells

(the production of TNF: by mast cells is an important event that recruits leukocytes
during a pro-inflammatory response) reported that IL-4/STAT6 signatithgced the
expression of ZFP36 which in turn destabilised the TNFRNA (Suzuki et al. 2003).
Interferons (IFNs) which play an important role in the decline of inflanomdtave

been reported to induce the expression of ZFP36 and result in the destabilization of
pro-inflammatory genes like TN&-and IL-6 (Sauer et al. 2006). Similarly, IL-10
which also plays an important role in the decline of inflammation has been reported to
destabilise TNFe and IL-1o via ZFP36 (Schaljo et al. 2009). A recent study reported
that IFN« regulated 1L-23 expression via ZFP36 (IL-23 is required for maintaining
Th17 cells that are involved in the pathogenesis of autoimmune disease) (Qian et al
2011).

The TNFea, GM-CSF, VEGF and IL-3 mRNA have also been reported to be targeted
by ZFP36L1 and ZFP36L2 (Ciais et al. 2004;Fukae et al. 2005;Lai et al. 2000aLai et
2003;Stoecklin et al. 2002). ZFP36 and ZFP36L1 share a few other common mRNA
targets namely, inhibitor of apoptosis protein — 2 (c-IAP2) and NOTCH1 (Hodson et
al. 2010;Kim et al. 2010;Lee et al. 2005). The mRNA targets of the ZFP36 protein
family may be different for different members. The mRNA targets repdar

ZFP36L1 alone (not by the other members of the ZFP36 protein family) include
steroidogenic acute regulator protein (STAR), signal tranducer and activator of
transcription — 5b (STAT5b) and delta-like-4 (DI14) (Desroches-Castan et al.
2011;Duan et al. 2009;Vignudelli et al. 2010).

To date very little is known about the mechanism by which the ZFP36 protein family
destabilize target mMRNAs. Several studies have reported that ZFP36 [ onfiitA
deadenylation (Balakathiresan et al. 2009;Clement et al. 2011;Hau et al. 2003jLai et
2002;Lai et al. 2003;Lai et al. 2005;Lykke-Andersen & Wagner 2005;Tudor et al.
2009). Lai et al in 1999 originally reported that ZFP36 had a role in shortening of the
poly(A) tail of the TNFee mMRNA (Lai et al. 1999). This was followed by another study
reporting that ZFP36 also had a role in shortening of the poly(A) tail of the GM-CSF
MRNA (Carballo et al. 2000). It has been reported that ZFP36 enhances theoability
poly(A) RNase (PARN) in deadenylating ARE-containing mRNAs although eactdir

interaction between the two was found (Lai et al. 2003). The efficiency of
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deadenylation was reduced when ZFP36 was mutated or when AREs were mutated.
Studies have reported ZFP36 to enhance the deadenylation of IL-8 and IL-10 mRNAs
(Balakathiresan et al. 2009;Tudor et al. 2009).

Both ZFP36 and ZFP36L1 have been reported to interact with decapping subunits
(DCP1 and DCP2), 5’ to 3’ exonuclease (XRN1), deadenylase (CCR4) and a
component of exosome (RRP4) (Lykke-Andersen & Wagner 2005). This was
demonstrated by co-immunopurification assays where Myc-tagged DCP1, DCP2,
XRN1, CCR4 and RRP4 all co-immunopurified with Flag-tagged ZFP36 and
ZFP36L1 proteins from 293T cell extracts. The co-immunoprecipitation washeith t
N-terminal of ZFP36 and ZFP36L1 only (not with the zinc finger domain or with the
C-terminal). It was proposed that N-terminal may be involved in the recntitmhéhe
enzymes whereas the C-terminal may be involved in the localization of mMRNA to the
processing bodies (Lykke-Andersen & Wagner 2005). The interaction of ZFP36 with
DCP1 and DCP2 has also been reported by (Fenger-Gron et al. 2005), its interaction
with XRN1 by (Hau et al. 2007) and its interaction with both DCP1 and XRN1 by
(Kim et al. 2010b). It was recently reported that ZFP36 interacts with ddadeny
(CAFla and CAF1b) and that phosphorylation of ZFP36 by MK2 prevented this
interaction and reduced the ability to promote deadenylation (Marchese et al. 2010).
Another study reported that ZFP36 recruits deadenylase CAF1 only in the presenc
NOT1 and that NOT1 itself associates with the C-terminal of ZFP36 (Satdie

2011). Figure 1.4 shows the pathways and major components of ARE-mediated
MRNA decay by ZFP36.

MicroRNAs (miRNAs) have been reported to be involuethe degradation of
ARE-containing mRNAs; this was demonstrated in a studying et al in 2005
where they reported that miR16 and ZFP36 interactéab(agh they do not bind
directly) and resulted in the degradation of TWMRRNA (Jing et al. 2005).
However the current studies have reported that opeession of miR-29a and miR-
29b resulted in a decrease in ZFP36 and ZFP36L leegion respectively
(Gebeshuber et al. 2009;Sinha et al. 2009). MiR-46&lbeen reported to increase
the IL-10 mRNA expression by competing and prevenfif§36 from binding to

the ARE’s in the 3'UTR region of IL-10 mRNA (Ma et &010). At the moment not
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enough is known about the interplay of miRNAs with Ztd® 36 protein family.

Deadenylation
_

3'UTR Decapping

3|
3'UTR Degraded mRNA

Figure 1-4| Pathways and major components of ARE-mediated mRNA decay by

the ZFP36 ZFP36 binds to the ARE sequence in the 3'UTR of the target mRNA and
recruits deadenylases. Decapping of mRNA follows deadenylation. Botrspesce

result in degradation of mMRNA. The figure has been adapted from (Baou et al. 2009).

1.1.3 The involvement of ZFP36 protein family with cytoplasmic processing
bodies and stress granules

The exposure of cells to unfavourable conditions resnlthe assembly of
aggregates within the cytoplasm of the cells knowstiass granules (SG’s)
(Kedersha & Anderson 2002). These aggregates mogitgicosilenced mRNAs or
un-translated mRNAs. Several studies have reportecetitaitment of ZFP36 to
SG’s when cells are under stress (Kedersha et ab;R@@8ersha & Anderson
2002;Murata et al. 2005;Stoecklin et al. 2004). Phosgation of ZFP36 mediated
by MK2 and the formation of ZFP36:14-3-3 compleryents ZFP36 from entering
SG’s (Rigby et al. 2005;Stoecklin et al. 2004). Timedduction of mutations within
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the zinc finger domains of ZFP36 also prevented tsurement to SG’s (Murata et
al. 2005).

SG’s associate with processing bodies PB’s, whiclsiaées within the cytoplasm
where mRNA degradation takes place (Kedersha e0@b)2 ZFP36, ZFP36L1 and
ZFP36L2 have been reported to be localised withirsP&8ong with decapping
enzyme DCP1a (Stoecklin & Anderson 2007). ZFP36Z®36L1 have also been
reported to deliver GM-CSF and TNFmRNA to PB’s (mediated by N and C-
terminal) (Franks & Lykke-Andersen 2007). Transpo(TRN), a nucleo-
cytoplasmic transporter had been reported to haeéearn transporting ZFP36
between SG’s and PB’s (Gallouzi & Di 2009). It hasiibsuggested that an
association between SG’s and PB’s allows the tramgpailenced mRNAs from
SG’s to PB’s where mRNA degradation takes place (leagdStoecklin 2008).

1.1.4 The regulation of ZFP36 protein family functions by phosphorylation

The p38 mitogen-activated protein kinase (p38-MAPK) signalling pathway has an
important role in regulating ZFP36 mediated mMRNA destabilization (Brook et al
2006;Carballo et al. 2001;Chrestensen et al. 2004;Hitti et al. 2006;Johnson et al.
2002;Mahtani et al. 2001;Ming et al. 2001;Murata et al. 2000;Stoecklin et al. 2004;Zhu
et al. 2001). The importance of the p38-MAPK signalling pathway in regulating
ZFP36 function was originally highlighted in a study by Murata et al in 2000 where
they reported that PMA-induced inactivation of ZFP36 was blocked by PD98059 (an
inhibitor of the p38-MAPK signalling pathway) (Murata et al. 2000). This was
followed by a study by Zhu et al in 2001 where they reported that the suppressive
effect of ZFP36 on TNF+and IL-8 mRNA was reduced following activation of the
p38-MAPK signalling pathway (the p38-MAPK signalling pathway was imitidiy
stimulating macrophages with LPS) (Zhu et al. 2001). It was demonstrated by c
transfection experiments in NIH 3T3 cells that the p38-MAPK signallinigwzat lead

to the stabilization of IL-3 mMRNA (an established target of ZFP36) (Ming 20a1).
ZFP36 function was reported to be regulated by phosphorylation mediated by MAPK-
activated protein kinase 2 (MAPKAP-kinase 2 or simply known as MK2), a
component of the p38-MAPK signalling pathway (Mahtani et al. 2001). Carballo et al
in 2001 also suggested ZFP36 function to be regulated by the p38-MAPK signalling

pathway. This was suggested after observing decreased sensitivity to ishabitor
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p38-MAPK signalling pathway in LPS stimulated macrophages from ZFP36 knockout
mice compared with wild type mice (an effect measured by @IgFeduction)
(Carballo et al. 2001).

Johnson et al in 2002 reported that ZFP36, ZFP36L1 and ZFP36L2 in their
phosphorylated state bind to the adaptor protein 14-3-3, however the exact sites of
phosphorylation were not known (Johnson et al. 2002). Chrestensen et al in 2004
reported that MK2 phosphorylates ZFP36 at two serine residuéé #8erSel’®) and

this created a functional 14-3-3 binding site (Chrestensen et al. 2004). The MK2
induced phosphorylation of ZFP36 at 8emd Ser'®and binding of 14-3-3
(ZFP36:14-3-3 complex) was reported to result in the exclusion of ZFP36 from stress
granules, this observation provided some insights in to how p38-MAPK signalling
pathway regulates ZFP36 function (Stoecklin et al. 2004). Mutations of the conserved
MK2 phosphorylation sites were reported to enhance ZFP36 function (Rigby et al.
2005). Results from the study by Hitti et al in 2006 established that ZFP36 is a
downstream target of MK2. This conclusion was reached after observing that the leve
of TNF-a production (by LPS stimulated macrophages) was comparable in ZFP36-
MK2 (double knock out) mice and in ZFP36 (single knockout) mice (Hitti et al. 2006).
In addition to regulating ZFP36 function, the p38-MAPK signalling pathway was
proposed to have a role in the stabilization of ZFP36 and provide protection from
proteasomal degradation, again this was dependent on the integrity of the
phosphorylation sites (Brook et al. 2006). Sun et al in 2007 reported that
phosphorylation of ZFP36 by MK2 and formation of ZFP36:14-3-3 complex protected
it from dephosphorylation (the active form involved in mRNA destabilization) by
protein phosphatase 2A (PP2A). A regulation cycle was proposed where PP2A and 14-
3-3 directly compete for binding to ZFP36 (Sun et al. 2007). Recently studies have
reported that phosphorylation mediated by MK2 reduces the ability of ZFP36 in
recruiting deadenylase and hence prevent deadenylation (Clement et al.
2011;Marchese et al. 2010). Figure 1.5 is a schematic showing the control of ARE-
mediated MRNA degradation by ZFP36.

Phosphorylation of ZFP36L1 on serine residues’(@ed Set*®) by protein kinase B
(PKB) induced similar complex formation with 14-3-3 and this resulted in the
inhibition of MRNA decay activity of ZFP36L1 (Benjamin et al. 2006;Schmidlin.et al
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2004). The formation of the complex provided ZFP36L1 protection from proteasomal
degradation (Benjamin et al. 2006). MK2 has been reported to phosphorylate ZFP36L1
on distinct sites (S&t Sef? and Set®) resulting in the inhibition of ZFP36L1

function (Maitra et al. 2008). However, it was reported that phosphorylation of
ZFP36L1 protein by MK2 did not alter its binding ability with AREs or recruitment of
MRNA decay enzymes (Maitra et al. 200B)e exact role of phosphorylation in

regulating ZFP36 protein family functions is not well understood yet and requires

further investigation.

p38 MAPK

1 degradation of target mRNA stable

target mMRNA
v\ru’rv

Figure 1-5| Control of ARE-mediated mRNA degradation by ZFP36 Phosphatase
PP2A and 14-3-3 adaptor proteins directly compete for binding to ZFP36. ZFP36
(unphosphorylated state) binds to the ARE of the target mMRNA and promotes
degradation. 14-3-3 bind to ZFP36 following phosphorylation by MK2 and this results
in the stabilization of the target mMRNA. PP2A competes with 14-3-3 protein and
causes dephosphorylation of ZFP36. The figure has been adapted from (Sandler &
Stoecklin 2008).

1.1.5 ZFP36 protein family in disease

ZFP36 has been reported to act as a tumour suppressor in several studies (Brennan et
al. 2009;Cha et al. 2011;Gebeshuber et al. 2009;Lee et al. 2010a;Lee et al.
2010b;Sanduja et al. 2009;Stoecklin et al. 2003;Van et al. 2011). Stoecklin et al in
2003 originally reported that ZFP36 acts as a tumour suppressor in a mast cell tumour
model (where cells overexpress IL-3). Ectopic expression of ZFP36 resuttes i
degradation of IL-3 mRNA and a reduction in tumour progression (Stoecklin et al.
2003). ZFP36 has been reported to be hyper-phosphorylated via the p38-MAPK
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signalling pathway (hence inactive) in malignant gliomas (tumours of theatent

nervous system (Suswam et al. 2008). The inability of ZFP36 to function in mMRNA
destabilization was reported to result in the overproduction of VEGF, IL-8 anchTNF-
MRNA and tumour progression (Suswam et al. 2008). Low expression and the

inability of ZFP36 to destabilize IL-8 mMRNA has also been reported in distosis
(Balakathiresan et al. 2009). Overexpression of ZFP36 enhanced the deadenylation and
destabilization of IL-8 mMRNA (Balakathiresan et al. 2009).

In breast cancer patients, miR-29a has been reported to suppress the expression of
ZFP36 (Gebeshuber et al. 2009) whereas increased expression of miR-29b resulted in
the suppression of ZFP36L1 in renal cancer cells (Sinha et al. 2009). Other studies
have also reported ZFP36 to be to be suppressed in breast cancer (Brennan et al. 2009)
and colon cancers (Brennan et al. 2009;Cha et al. 2011;Lee et al. 2010). ZFP36
negatively regulates VEGF and COX-2 mRNA in colon cancers (Cha et al. 2011;Lee
et al. 2010a). ZFP36 been reported to act as a tumour suppressor by targeting E6-AP
ubiquitin ligase and inducing cell death in human papilloma virus (HPV) infected
cervical cancer cells (Sanduja et al. 2009). Interestingly, a studyedbat
overexpression of ZFP36 reduced the expression level of LATS2 mRNA (an
established tumour suppressor gene with an important role in regulatingoegt)gin
human lung cancer cells (Lee et al. 2010b). Also, ZFP36, ZFP36L1 and ZFP36L2 are
all overexpressed in a variety of human cancer cell lines (Carrickh&ghear 2007).
Recently, Hodson et al reported mice lacking both ZFP36 and ZFP36L1 developed T
cell acute lymphoblastic leukaemia (T-ALL) (Hodson et al. 2010). NOTCH1

expression was reported to be higher in the mice lacking both ZFP36 and ZFP36L1
(Hodson et al. 2010). Overall, the role of ZFP36 protein family in carcinogenesis is

still poorly understood and needs further investigation.

ZFP36 knockout mice develop severe inflammatory disease due to excess TNF-
production and were treated with antibodies against d{Faylor et al. 1996).

Another study reported that ZFP36 knockout mice developed arthritis and an important
role of ZFP36 in the suppression of arthritis was suggested (Anderson et al. 2004).
Low ZFP36 expression was reported in the synovial tissues of patients gufifenm
rheumatoid arthritis (RA) (a disease associated with abnormally higls leV TNFe

production) (Tsutsumi et al. 2004). A study investigating the expression of ZFP36 in
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RA patients reported low ZFP36 expression in patients with long standing disease
(more that 1 year period) (Fabris et al. 2005). ZFP36 and ZFP36L1 have both been
reported to regulate TNé&-production in RA patients (Fukae et al. 2005;Sugihara et al.
2007). Over expression of ZFP36 resulted in the destabilization of 1L-6,oTie-
prostagladin PG(E)2 mRNA in a model of bone loss (Patil et al. 2008). All in all,
strategies involving ZFP36 family members could have therapeutic potential for

inflammatory diseases such as RA, although further work need to undertaken.
1.2 B lymphocytes

1.2.1 B lymphocytes development — An Outline

B-cells (bursal or bone marrow derived) are a class of lymphocyte®toginize

antigens (Ags) via their cell surface immunoglobulin (Ig) receptorsraresponse
produce specific antibodies that either neutralise or induce the elimination of
pathogens (Lebien & Tedder 2008). They play a major role in humoral immunity. B-
cell development begins from hematopoietic stem cells (HSCs) in the primary
lymphoid organs (bone marrow) (Nutt & Kee 2007). HSCs differentiate in to common
lymphoid progenitors (CLPs) which give rise to pro-B cells and eventuaiB mells.

The rearrangement of the immunoglobulin (Ig) genes takes place in the egely ata
B-cell development and results from a combination of variable (V), joining (J) and

diversity (D) gene segments (Murphy et al. 2007).

Pre-B cells differentiate to become mature B-cells (naive), lexibdne marrow and
reside in secondary lymphoid organs (spleen and lymph nodes) (Murphy et al. 2007).
In the secondary lymphoid organs, mature B-cells get activated aftengonmgdontact

with foreign antigens and either differentiate into antibody-secretirsgnalacells and
long-lived memory cells (Murphy et al. 2007). B-cell activation (induced hgems)
results in the formation of germinal centres (GCs) within in the secondary lythphoi
organs. Germinal centres are sites of intense B-cell proliferation andsm@ated

with somatic hypermutation (SHM) and class switch recombination (CSR) that
increase the antibody affinity (able to recognize a wide spectrum géaasji(Klein &
la-Favera 2008). Figure 1.6 shows an outline of the different stages involved in the

mammalian B-cell development.
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AR
Figure 1-6| B-cell developmentAn outline of B-cell developmental stages is shown.
CLP indicates common lymphoid progenitor; SHM, somatic hypermutation; and CSR
class switch recombination. The image had been reproduced from (Lebien & Tedder
2008).

1.2.2 Regulation of late B-cell development

In the lymph nodes, activated B-cells (after coming in contact with CD4HsTarel
antigen presenting cells) either move to the medullary cord and difegeeimtio short-
lived plasma cells or move into the primary follicles and establish asrgdrogintres
(GCs) that result in long-lived plasma cells and memory B-cells (Atlah e
2007;Vinuesa et al. 2009). Germinal centre can be divided into a region called ‘dark
zone’ consisting of proliferating B-cells known as centroblasts and a regjled c

‘light zone’ consisting of non-dividing B-cell known as centrocytes (Carborle et a
2009). Centrocytes (which are derived from centroblasts) eventually mature into

plasma cells and memory B-cells (Carbone et al. 2009).

The transcription factors regulating late B-cell development aeslligtTable 1.2.
BCL-6 is known to have a role in GC formation while BLIMP1 is required for plasma
cell differentiation.
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Table 1-2| Transcription factors associated with late B-cell developmeén

Transcription
factor

BCL-6

PAXS5

BACH2

BLIMP1

IRF4

XBP1

STAT3

Function

B-cell ymphoma 6 (BCL-6) acts as a transcriptional repressor and is
required for GC formation.

Paired box protein 5 (PAX5) acts either as a transcriptional amtioat
repressor and actively maintains ‘B-cell identity’. PAX5 is not exprebge
plasma-cells.

BACH?2 is abundant in early B-cells, and it's not expressed by plasma-cells

B-lymphocyte-induced maturation protein (BLIMP1) acts as a transcription
repressor. BLIMP1 is expressed by a subset of centrocytes and by plasma
cells. It is required for plasma-cell differentiation.

Interferon-regulatory factor 4 (IRF4) can either activate or espgene
expression. In late B-cell development, IRF4 is absent in centroblasts,
upregulated in a subset of centrocytes, and expressed at high levels by
plasma-cells.

X-box binding protein 1 (XBP1) is required for the secretory phenotype of
the terminally differentiated plasma-cells.

Signal transducer and activator of transcription 3 (STAT3) seems to be
involved in guiding plasma-cell differentiation.

*Data used in the table has been used from the data presented in (Kdelagera 2008) and
(Shapiro-Shelef & Calame 2005).
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BCL-6 is described as a major regulator of GC B-cell development (whereighly
expressed) (Fairfax et al. 2008;Klein & la-Favera 2008;Shapiro-Shelefaén@al
2005;Tarlinton et al. 2008). Shaffer et al in 2000 originally reported that BCL-6
expression inhibits plasma-cell differentiation. With DNA microarrageaging they
identified several genes involved in plasmacytic differentiation (includingplil) to

be repressed by BCL-6 (Shaffer et al. 2000). Overexpression of BCL-6 inhibits the
plasmacytic differentiation of primary murine splenic B-cells and BCEeHE ¢murine
B-cell lymphoma 1 cell line) (Reljic et al. 2000). It was suggested that®hibits

the STAT3 dependent expression of BLIMP1, the major regulator of plasma-cell
development (Reljic et al. 2000). Recently another study reported that the
overexpression of BCL-6 inhibits the plasmacytic differentiation of pgrhnaman B-

cells (Diehl et al. 2008). The same study also reported that STAT3 activatidiede

in an upregulation of BLIMP1 mRNA and protein expression (Diehl et al. 2008). Stat3
knockout mice have been associated with a defect in the generation of pldsma-cel
(Fornek et al. 2006). A mutation in the stat3 gene reduces the ability of IL-21 t@ induc

naive B-cells to differentiate into plasma cells (Avery et al. 2010).

The transcription factor PAX5 is essential for early B-cell developmehisan

expressed until the plasma cell stage (Cobaleda et al. 2007). RepressiorboivBA X
necessary to induce plasmacytic differentiation of primary murine Btail et al.

2002). BACH2 is another transcription factor reported to be expressed up till the
plasma-cell stage (Muto et al. 2004). Bach2 knockout mice had defects in GC
formation, CSR and SHM (Muto et al. 2004). B-cells from a bach2 knockout mice
expressed higher levels of BLIMP1 and XBP1 than normal B-cells (Muto et al. 2004).
In the follow up study it was shown that BACH2 is a direct repressor of BLIMP1
expression in B-cells (Ochiai et al. 2006). A recent study also reported tledis B-c

from bach2 knockout mice expressed high levels of BLIMP1 and differentiated to

plasma cells (Muto et al. 2010).

BLIMP1 has been described as the master regulator of plasmacytic difféoann
numerous studies (Diehl et al. 2008;Lin, F.R. et al. 2007;Lin et al. 2002;Ochiai et al.
2006;Reljic et al. 2000;Sciammas & Davis 2004;Shaffer et al. 2002;Teng et al. 2007).
BLIMP1 was identified as a protein that was induced when BCL-1 cells were

stimulated to differentiate into antibody secreting cells followirtigkipe treatment
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(Turner, Jr. et al. 1994fctopic expression of BLIMP1 in BCL-1 cells lead to the
expression of many of the phenotypic changes associated with early plédissteegee
including induction of J chain expression, IgM secretion, and upregulation of CD138
(Syndecan-1) expression (Lin et al. 1997;Turner, Jr. et al. 1994). A similarwefect
noticed when BLIMP1 was ectopically expressed in other B cell-lines ndrh@}y,
WEHI-231 and BAL-17.71 (Messika et al. 1998).

The gene c-myc (involved in regulating the control of cell proliferation) was otie of
first target genes reported to be repressed by BLIMP1 (Lin et al. 1997).&ctopi
expression of BLIMP1 in BCL-1 cells repressed gene expression of c-myet(ain
1997).In later studiest was reported that ectopic BLIMP1 expression repressed the
gene expression of mhc2a (encoding CIITA, a coactivator for the major
histocompatibility class Il transcription) and pax5 (critical fory&cell

development) (Lin et al. 2002;Piskurich et al. 2000). Ectopic BLIMP1 expression
repressed pax5 gene expression during plasmacytic differentiation of pnmeang
B-cells (Lin et al. 2002). Shaffer et al in 2002 reported a reduction in bcl6 gene
expression in human B-cell lines ectopically expressing BLIMP1 (investidsat
microarray analysis). It was proposed that BCL-6 and BLIMP1 negativglyate

each others gene expression to control plasma-cell differentiationgGagéi. 2002).
Repression of blimpl gene expression by BCL6 has been reported in activated B cell
like — diffuse large B cell ymphoma (ABC-DLBCL) (Mandelbaum et al. 2010). A
more recent study reported a role of miRNAs in regulating BCL-6 and BLIMP
expression. A decrease in miR-9 expression was associated with an upregulation i
BLIMP1 expression (Lin et al. 2011). It was also reported that a increas&B80ni

expression was associated with a downregulation in BCL6 expression (Lir2@14).

XBP1 is required for generating plasma-cells (Iwakoshi et al. 2003;Reeehal.

2001). Xbp1 knockout mice secreted very little immunoglobulin of any isotype due to
absence of plasma-cells (Reimold et al. 2001). A more recent study reportédsxBP
crucial for development of antibody secreting plasma cells and xbp1 knockout mice
were protected from lupus (an auto-antibody mediated disease) (Todd et al. 2009).
IRF4 expression is absent in proliferating GC centroblasts but present imcyezgr

and plasma-cells (Klein et al. 2006&erminal centre B-cells in irf4 knockout mice

were unable to differentiate into plasma-cells (Klein et al. 2006)as also reported
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that IRF4 and BLIMP1 both acted ‘up-stream’ the transcription factor XBRir(I€t

al. 2006). Another study reported BLIMP1 acting downstream of IRF4, this conclusion
was reached after observing a downregulation of BLIMP1 expression folloRixg |
knockdown (Lin, F.R. et al. 2007ctopic IRF4 expression in GC-derived Burkitt's
lymphoma cell lines (Raji and Daudi) has been reported to result in growth inhibition
and upregulation of plasma-cell markers CD38 and CD138 (Teng et al. 2007). A
decrease in bcl-6 and pax5 mRNA expression and increase in blimpl and xbpl mRNA
expression was also reported (Teng et al. 2007). All in all the transcripttorsfétat
regulate late B-cell development are well established, however furtiikrimthis

field is required to determine their precise role.

1.3 Aim of the project

The primary aim of this project was to investigate the role of ZFP36L1 inateyy B-

cell development, in particular late B-cell development (plasma-cedrditfiation).

This would address the question whether post-transcriptional forms of regulation pla
a role in controlling plasma-cell differentiation. For this investigation,@Sia
lentiviral-based RNAI vector, was used to downregulate the expression of IZFP36
BCL-1 cells (murine B-cell lymphoma 1 cell line). BCL-1 cells provide a model

system to study plasma-cell differentiation.
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2.1 Materials

During the course of this project, experiments were conducted utilising various
materials and methods. The first section of this chapter lists all thaatsateyed

during this project whether prepared in the laboratory or commercialliableakits

and identifies the source of the materials. The second section describeshibgsme
employed, including, in the case of commercial kits, methods in accordance with the
manufacturers’ instructions. Additional product information is provided as an

appendix.

NOTE: Due care has been taken to mark registered names, trademarks, etc. used in
this thesis. Registered names, trademarks, etc., even when not speaifaréliyg as

such, are not to be considered unprotected by law.
2.1.1 Plasmids

The plasmids used in this project are listed in Table 2.1 below. General information,

selected features and unique restriction sites for all the plasmids aleddeta

Appendix B.
Table 2-1| List of plasmids
Plasmid Name Source Catalogue No. Plasmid Information
pSicoR Addgene Plasmid No.11579 Appendix B.1
pSicoR p53 Addgene Plasmid No.12090 Appendix B.2
pRSV-Rev Addgene Plasmid No.12253 Appendix B.3
pMDLg/pRRE Addgene Plasmid No.12251 Appendix B.4
pMD2.G Addgene Plasmid No0.12259 Appendix B.5
pcDNAG6/His.zfp36I11 '\K/Imdly_prowded oy Prchrsies Appendix B.6
oroni
pLenti-CMV-m-zfp3611 ABM, Cat. No. LV035728 Appendix B.7

pMirTarget.3'UTR.blimp1 Origene, Cat. No. SC218855 | Appendix B.8
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2.1.2 Oligonucleotides and Primers

Oligonucleotides were designed using the software PSICOLIGOMAKER v1.5 (see
section 2.2.1 for details about the programme) and the primers using the on-line
programme Universal ProbeLibrary Assay Design (Roche Applied Sciefites)
sequencing primers were available from Addgene (http://www.addgene.org).

Table 2.2 lists the oligonucleotides used in this project whereas Table 2.3 and Table
2.4, list the primers used in this project. The oligos/primers were manufactured by
Eurofin MWG Operon. The synthesis scale for the production of the oligos/primers
was 0.01tMol and they were HPSF purified. The stock solution for each primer was
resuspended in nuclease free water at a concentration of 10@pmol/

Table 2-2| List of RNAI Oligos designed using PSICOLIGOMAKER v 1.5
Oligo Name Oligo Sequence Length Modification
5'-3 bp

5TGTAACAAGATGCTCAACT 55 5' Phosphate
zfp3611.RNAI.1.F ATTCAAGAGATAGTTGAGC

ATCTTGTTACTTTTTTC 3

5 TCGAGAAAAAAGTAACAAG 59 5' Phosphate
zfp3611.RNAI.1.R ATGCTCAACTATCTCTTGAA

TAGTTGAGCATCTTGTTACA3'

5TGCAACTTAGTGCCTTGTAA 55 5' Phosphate
zfp3611.RNAI.2.F TTCAAGAGATTACAAGGCA

CTAAGTTGCTTTTTTC3’

5 TCGAGAAAAAAGCAACTTA 59 5' Phosphate
zfp36I1.RNAI.2.R GTGCCTTGTAATCTCTT GAA

TTACAAGGCACTAAGTTGCA3'

5TGAACAACCTTGGTATGTTA 55 5' Phosphate
zfp3611.RNAI.3.F TTCAAGAGATAACATACCA

AGGTTGTTCTTTTTTC3'

5 TCGAGAAAAAAGAACAACC 59 5' Phosphate
zfp3611.RNAI.3.R TTGGTATGTTATCTCTTGAA

TAACATACCAAGGTTGTTCA3’

5TGAACTCAAGACCGATATTA 55 5' Phosphate
scramble.RNAI.F TTCAAGAGATAATATCGG TC

TTGAGTTCTTTTTTC3

5 TCGAGAAAAAAGAACTCAA 59 5' Phosphate
scramble.RNAI.R GACCGATATTATCTCTTGAA

TAATATCGGTCTTGAGTTCA3'
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Table 2-3| List of primers designed using Universal ProbeLibrary Assay Design
Primer Name Primer Sequence Length Modification

5-3’ bp
mouse pax5.F 5’ACGCTGACAGGGATGGTG3’ 18 None
mouse pax5.R 5’GGGGAACCTCCAAGAATCAT3’ 20 None
mouse bcl6.F 5'CTGCAGATGGAGCATGTTGT3 20 None
mouse bcl6.R 5'GCCATTTCTGCTTCACTGG3’ 19 None
mouse blimpl.F 5'GGCTCCACTACCCTTATCCTG3' 21 None
mouse blimp1.R 5'GTTGCTTTCCGTTTGTGTGA3’ 20 None
mouse xbpl.F 5" TGACGAGGTTCCAGAGGTG3’ 19 None
mouse xbpl.R 5TGCAGAGGTGCACATAGTCTG3’ 21 None
mouse irf4.F 5’ACAGCACCTTATGGCTCTCTG3' 21 None
mouse irf4.R 5’ATGGGGTGGCATCATGTAGT3’ 20 None
mouse zfp36I11.F 5" TTCACGACACACCAGATCCT3’ 20 None
mouse zfp36I1.R 5TGAGCATCTTGTTACCCTTGC3’ 21 None
mouseB-actin.F 5'CTAAGGCCAACCGTGAAAAGZ 20 None
mouseB-actin.R 5’ACCAGAGGCATACAGGGACA3’ 20 None
human blimp1.F 5’ACGTGTGGGTACGACCTTG3’ 19 None
human blimp1.R 5'CTGCCAATCCCTGAAACCT3’ 19 None
human zfp36I1F 5'GATGACCACCACCCTCGT3’ 18 None
human zfp36I1R 5'CTGGGAGCACTATAGTTGAGCA3’ 22 None
humang-actin.F 5'CCAACCGCGAGAAGATGA3’ 18 None
human-actin.R 5'CCAGAGGCGTACAGGGATAG3 20 None

Table 2-4]| List of sequencing primers
Primer Sequence Length | Modification
5-3 bp
5TGCAGGGGAAAGAATAGTAGACS3’ 22 None

Primer Name

pSicoR sequencing
primer

2.1.3 Restriction enzymes

Table 2.5 lists the restriction enzymes used in this project. All the restrenzymes
were purchased from Promega Corporation.

Table 2-5| List of restriction enzymes

Enzyme Name @ Catalogue No. Buffer
Xhol R6161 D (ROO4A)
BamHI R6021 E (ROO5A)
EcoRI R6011 H (ROO8A)
Hind Il R6041 E (ROO5A)
Not| R8431 D (ROO4A)
Sacll R6221 C (ROO3A)
Xbal R6181 D (ROO4A)
Hpal R6301 J (RO09A)
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2.1.4 Antibodies used in western blotting

The antibodies used in western blot analysis are listed in Table 2.6 below
Table 2-6] List of antibodies

Name
Anti-BRF1/2
Anti-ZFP36L1 antibody

Anti-Blimp-1/PRDI-BF1(C14A4)

antibody

Anti-HSP90a/b (H-114) antibody

Pan-Actin (DC18C11)

Manufacturer
Cell Signaling

Cat. No.
2119

Source
Rabbit

Lab-made produced by immunizing rabb| Rabbit
with a synthetic peptide (HSGSDSPTLDI

SRR) corresponding to amino acids 313-

236 of human ZFP36L1 (J. Murphy,

Unpublished)
Cell Signaling

Santa Cruz
Cell Signaling

Donkey anti-rabbit-HRP antibody @ Pierce

2.1.5 Celllines

9115 Rabbit
sc-7949 Rabbit
8456 Rabbit
31458 Donkey

The various cell lines used in this project are listed in Table 2.7 below.
Table 2-7| List of cell lines

Name
293T cells

BCL-1 cells

RAMOS cells

SEM cells
NALMBG6 cells
JIN3 cells
KKM1 cells
MM1S cells
KMS-11 cells
RPMI-8226 cell

Origin

Human

Mouse

Human

Human
Human
Human
Human
Human
Human
Human

Description
Human
embryonic kidney
epitelial cell-line

Murine B
lymphoma cell-
line

Human Burkitts B
lymphoma cell-
line

pre-B cell line
pre-B cell line
myeloma cell line
myeloma cell line
myeloma cell line
myeloma cell line
myeloma cell line

2.1.6 DNA ladder and protein markers

Source
Dr. Marie
Bijlmakers, DIIID,
Kings College,
London
ATCC, Cat. No
CRL 1669

ATCC, Cat. No.
CRL 1596

Dr. Kwee Yong,
Department of
Haematology,
University College
Medical School,
London

Promega’s 1Kb (Cat. No G5711) and 10Q6pt. No G2101DNA Ladders were used

for estimating the size of unknown DNA molecules during agarose gel
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electrophoresis. For unknown proteins the GE Healthcare Full-Range Amersham
Rainbow™ Molecular Weight Marker (Cat. No RPN80OE) was used. For technical

details on these products please see Appendix G.
2.2 Methods

This section describes the methods employed, including, in the case of commercial
kits, methods in accordance with the manufacturers’ instructions. Additional

information is provided as an appendix.
2.2.1 lIdentification of ShRNAs targeting zfp3611 mRNA

The programme PSICOLIGOMAKER v1.5 was used to identify ShRNAs targétng t
zfp36/1 mMRNA. PSICOLIGOMAKER was created by Dr Andrea Ventura of MIT

Center for Cancer Research and is available for download from the website
(http://web.mit.edu/ccr/labs/jacks/). The program enables identifyidglasigning

optimal shRNAs, based on a set of criteria published by Angela Reynolds et al. (2004).
The criteria are listed in Appendix A, Table A.1.

2.2.2 Identification and design of scramble shRNA using siRNA Wizard v3.1
(InvivoGen)

siRNA Wizard'" is a program designed by InvivoGen, based on the research from
various laboratories including InvivoGen’s own, and helps choose and design the best
siRNA/shRNA sequences for a target gene. The software is free andilaleces-line

only, from their website www.sirnawizard.com. The programme’s Scramble
SiRNA/shRNA tool accepts a short DNA sequence, and returns a scrambled sequence
with the same nucleotide composition as the siRNA/shRNA input sequence. The
returned scrambled sequence will have passed siRNA filtering for theustand

selection and search criteria (see www.sirnawizard.com). The sefiveer used to

generate scramble shRNA to be used as negative control in the RNAI experiments
2.2.3 Transformation of competentE.coli cells

The competent cells (EndAtrain XL1-Blue) were kindly provided by Dr. Phil Marsh,
Molecular Biology Unit, King’s College London. Just before transformation, the

frozen XL1-Blue cells were thawed on ice for 10 to 15 min. Next, 1ng of plasmid
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DNA was added to 50pl of XL1-Blue cells (>1X1dfu/pg) and left on ice for 30 min.
The cells were then heat shocked at 42°C for 90 sec and immediately returned to ice
for 2 min. Next, 1ml of Luria-Bertani Broth media (LB broth media) was added to the
cells and incubated at 37 for 2 hours (with shaking 200 rpm). After the incubation,
500ul of the transformation culture was spread onto the LB agar plate (with
appropriate antibiotic, either p§/ml ampicillin or kenamycin). Once the plate had
dried at room temperature, it was transferred to°@ 87cubator for overnight

incubation.
2.2.4 Amplification of the transformed E.coli cells

After overnight incubation, an isolated transformed colony on the plate was picked up
using a sterilised loop, transferred to LB media (with appropriate antibiibtier e

50ug/ml ampicillin or kenamycin) and incubated af@dvernight.
2.2.5 Storage of bacterial cultures

0.5ml of 60% glycerol which had earlier been sterilized by autoclaving was added to
1.5ml of bacterial culture. The mixture was then vortexed (to ensure that tleeojlyc
was evenly dispersed) and transferred to a labelled storage tube. Thewasture

frozen in liquid nitrogen overnight and then transferred to -80°C freezer for long term
storage. To recover the bacteria the frozen surface of the culture was sataped w
sterile inoculating loop and immediately streaked onto the surface of an LB aigar pl

The plate was then incubated overnight at 37°C.
2.2.6 Purification of plasmid DNA

Two commercially available plasmid DNA purification kits were used. Wiiteeang

to the manufacturer’s instructions, the methods used are described below.

2.2.6.1 Purification of plasmid DNA using Wizard®Plus SV Minipreps
(Promega)

An isolated transformed colony was picked up from L.B. agar plate and used to
inoculate 10ml of LB media. The inoculated media was incubated overnight (12-16
hours) at 37°C, while applying vigorous shaking. Plasmid DNA was purified using the
Wizard®Plus SV Minipreps DNA purification system (Promega, Cat. No A1330). In

accordance with the manufacturer’s instructions, 5ml of the bacterialeulas
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harvested by centrifugation at 10,000 x g for 5 min. After pouring off the supernatant,
the bacterial cell pellet was thoroughly resuspended ipnl28@Cell Resuspension
Solution (CRA), and lysed in 2hDof Cell Lysis Solution (CLA).

In order to inactivate endonucleases and other proteins released during (H&lysis

of Alkaline Protease Solution was added and mixed by inverting the tube 4 times.
After incubation for 5 min at room temperature, 356f Neutralization Solution

(NSB) was added and immediately mixed by inverting the tube 4 times followed by
centrifugation at 15,000 x g for 10 min at room temperature. The cleared lysate
(approx. 85Ql) was transferred to the Spin Column by decanting and centrifuged at
15,000 x g for 1 min at room temperature. After discarding the supernatant, the Spin
Column was washed 2 times; first with pb@nd then with 250 of Column Wash
Solution (CWA). Next, the Spin Column was transferred to a new tube and the plasmid
DNA was eluted by adding 1Dof the nuclease free water to the column followed by
centrifugation at 15,000 x g for 1 min at room temperature. The Spin Column was
discarded and the purified plasmid DNA stored at -20°C.

2.2.6.2 Purification of plasmid DNA using Endofree® Maxi Kit (Qiagen)

An isolated transformed colony from a freshly streaked L.B agar platpickesd up
and used to inoculate a starter culture of 5ml LB media. The starter culsre wa

incubated for approx. 8 hour at 37°C with vigorous shaking (approx. 300 rpm).

Next, 20Qu of the starter culture was used to inoculate 100ml of the L.B. media,
maintaining a 1:500 dilution of the starter culture and incubated at 37°C overnight (12-
16 hours) with vigorous shaking (approx 300 rpm). Next day, the bacterial cells were
harvested by centrifugation at 10,000 x g for 15 min at 4°C. The plasmid DNA was
purified using the EndofréeMaxi Kit (Qiagen, Cat. No 12362).

After pouring off the supernatant, the bacterial cell pellet was resuspengiém|

Buffer P1 followed by the addition of 10ml Buffer P2, and mixed thoroughly by
vigorously inverting the sealed tube 4-6 times. After a 5 min incubation at room
temperature, 10ml chilled Buffer P3 was added to the lysate, and mixed thoroughly by
vigorously inverting the tube 4—6 times. The lysate was immediately tragtsfato

the barrel of the QIAfilter Cartridge and allowed to incubate at room tetaperfar

10 min. Next, the plunger provided with the kit was inserted into the QIAfilter
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Cartridge and the lysate was filtered into a 50ml tube. Next, 2.5ml Buffer ER was
added to the filtered lysate (mixed by inverting the tube approximately 10 aimes

incubated on ice for 30 min.

Next, the QIAGEN-tip 500 was equilibrated by applying 10 ml Buffer QBT, and
allowing the column to empty by gravity flow. The filtered lysate wasiegpb the
QIAGEN-tip and allowed to enter the resin by gravity flow. The QIAGEN-tip wa

then washed 2 times with 30ml Buffer QC. Next, the plasmid DNA was eluted with
15ml Buffer QN and precipitated by adding 10.5ml (0.7 volumes) room-temperature
isopropanol. Following centrifugation at 15,000 x g for 30 min at 4°C, the supernatant
was carefully poured off and the DNA pellet was washed with 5ml of endotoxn-fre
room-temperature 70% ethanol. After centrifugation at ~15,000 x g for 10 min, the
supernatant was carefully decanted and the DNA pellet was redissolvediint00

endotoxin-free Buffer TE.
2.2.7 Restriction enzyme digestion reaction

The restriction enzyme digestion reaction was set up as follows, 200ng to 1ug of
plasmid DNA, 5-10 units of the restriction enzyme, 2ul 10X restriction enzyme buffer,
0.2ul BSA 10pg/ul and the final volume made up to 20ul with nuclease free water.
The reaction was then incubated at@Tor 1 hour. If required the reaction was further

incubated at 65°C for 15 min (to heat inactivate the restriction enzyme).
2.2.8 Oligo annealing reaction

First individual oligos were re-suspended in nuclease free water to a final
concentration of 100pmol/ul. Next, the annealing reaction was set up as follows: 23ul
nuclease free water, 1l (100 pmol/ul) forward oligo, 1l (100 pmol/ul) reverse olig
and 25ul 2X Annealing Buffer (200mM potassium acetate, 60mM HEPES-NaOH
pH7.4, 4mM Mg-acetate). The reaction was incubated @ % 4 minutes, then
incubated at AT for 10 minutes and slowly cooled down f€4

2.2.9 DNA ligation reaction

The DNA ligation reaction was set up as follows, 50 to 100ng of plasmid DNA
(digested by the restriction enzymes), 1ul of 1/20X diluted annealed oligos, 34nits T
DNA ligase (Promega, Cat. No M1801), 1ul 10X ligase buffer and the final volume
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made up to 10ul with nuclease free water. The reaction was incubated at room

temperature for 3 hours or over night at 4°C.
2.2.10 DNA sequencing

For DNA sequencing the reaction was set up as follows, 1-2ug plasmid DNA and 5uM
sequencing primer in a volume of 20ul with nuclease free water. The sanepées w

sent to Dr. Phil Marsh, Molecular Biology Unit, Kings College London. The DNA
sequencing data was analysed using the programme Sequence Scanner v 8@ (Appli

Biosystems).
2.2.11 Agarose gel electrophoresis of DNA samples

0.7% to 2% agarose gels were prepared by dissolving appropriate amount of
UltraPure” Agarose (Invitrogen, Cat. No. 16500100) in 50ml of 0.5X TBE buffer (5X
TBE buffer — 549 Trizma Base, 27.5¢g Boric acid and 20mls 0.5M EDTA dissolved in
1L dH,O). The solution was heated to boiling point in a microwave oven. Once cooled
to room temperature, 2ibof 10mg/ml Ethidium Bromide (Sigma, Cat No. E7637)

was added to the solution. Next, the solution was poured into a electrophoresis tray
(with appropriate size comb) and allowed to set at room temperature for 1 hour. DNA
sample was mixed with loading dye (6X Blue/Orange loading dye, Promega,dCat. N
G1881) and loaded on to a well on the gel. The electrophoresis was performed at
100volts in 0.5X TBE buffer for approximately 1 hour. To observe the bands, the gel
was visualised under ultra violet light using Alpha Imaging System (Alphatéch).

2.2.12 Gel purification of DNA fragments
Two methods of gel purification were used and each method is described below.

2.2.12.1Gel purification of DNA using PureLink ™ Quick Gel Extraction Kit
(Invitrogen)

After completion of agarose gel electrophoresis, PureLink™ Quick Gel Ertrditi
(Invitrogen™, K2100-12) was used, to purify the DNA from the gel. The kit was used
to efficiently purify DNA fragments from TBE agarose gels of variousgr&ages.

In accordance with the manufacturer’s instructions, the area of the gehoumntae

desired DNA was cut with a sterile razor blade and weighed. Every 10mg of gel
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fragment was incubated with 80of Gel Solubilization Buffer (L3) at 50°C for 15

min. The tube was inverted every 3 min to mix and ensure even gel dissolution. The
dissolved gel was incubated at 50°C for an additional 5 min and applied to a Quick Gel
Extraction Column (placed into a 2ml wash tube). The extraction column was
centrifuged at 15,000 x g for 1 min and the supernatant discarded. Naxtpb50te

Wash Buffer (W1) was added to the extraction column and centrifuged at 15,000 x g
for 1 min. After discarding the supernatant, the extraction column was centrifuged a
15,000 x g for 2 min to remove any residual wash buffer. The DNA was elutedlin 50

of Elution buffer (E5) by centrifugation at 15,000 x g for 2 min. The purified DNA

was stored at -20° C.

2.2.12.2DNA electroelution into dialysis bags

After identifying the fragments of interest using UV light, carefully avaidexposing

the DNA to radiation for longer than absolutely necessary, a slice of aggebs
containing the band was cut out with a razor blade. A dialysis bag was filled to
overflowing with 0.5x TBE. The gel slice was placed in the buffer filled bag and
allowed to sink to the bottom of the bag. Most of the buffer was removed leaving just
enough fluid to keep the gel slice in constant contact with the electrophoresis buffe
The dialysis bag was then tied carefully just above the gel slice to avoidhigaair
bubbles and then immersed in an electrophoresis tank filled with 0.5x TBE and
subjected to an electric field of 100V for ~ 1 hr. This allowed the DNA to migrate out
of the gel and onto the inner wall of the dialysis bag. The polarity of the elelalic

was reversed for 2- 3 min to release the DNA from the wall of the diddggisto the
buffer. The dialysis bag was opened and the entire buffer surrounding theeel slic
carefully recovered. The DNA in the buffer was extracted with phenol/chlonpford

ethanol precipitation.
2.2.13 Phenol extraction and ethanol precipitation of DNA

To remove protein (enzymes) and salts contamination, the DNA sample was phenol
extracted and ethanol precipitated. An equal volume of phenol:chloroform:isomyl
alcohol 25:24:1 (Sigma, Cat. No. P2069) was added to the DNA sample, vortexed
briefly and centrifuged at 15,000 x g for 5 minutes. After centrifugation, the upper

layer of the solution containing the DNA was transferred to a new tube. Next, 1/10

46



Chapter 2 — Materials and Methods

volume of 3M sodium acetate and 2.5 volume of ice cold 100% ethanol was added and
the tube transferred to the “8Dfreezer for 30 min. Next, the tube was centrifuged at
15,000 x g for 15 minutes, supernatant was poured off and the DNA pellet washed
with 70% ethanol. The DNA pellet was dried at room temperature for 15 min and
finally re-suspended in 10-15ul nuclease free water. The resuspended DNAneds st

at -20°C.

2.2.14 Mammalian cell culture

All mammalian cell culture work was performed in a Class Il laminar Aoad under
sterile conditions using aseptic techniques. All cells were maintained inidifieh
incubator at 37°C with 5% CO

The 293T cells were maintained in Dulbecco’s Modified Eagles Medium (Gibco, Cat.
No. 41965-039) supplemented with 10% foetal bovine serum (PAA, Cat. No. A15-
102), penicillin/streptomycin/glutamine (Gibco, Cat. N0.10378016). The BCL-1 cells
were maintained in RPMI 1640 (Gibco, Cat No. 12633020) supplemented with 10%
FBS, penicillin/streptomycin/glutamine, 1% sodium pyruvate (Gibco, Cat. No.
11360039), 1% non-essential amino acids (Gibco, Cat. No. 11140050) and 2-
mercaptoethonal (Gibco, Cat. No. 31350010). The RAMOS, SEM, NALM6, JIN3,
KMM1, MM1S, KMS-11 and RPMI-8226 cells were maintained in RPMI 1640
supplemented with 10% FBS, penicillin/streptomycin/glutamine. The primaepispl
murine B-cells were maintained in RPMI 1640 supplemented with 10% FBS,

penicillin/streptomycin/glutamine.

The BCL-1 cells were seeded at a cell density of 2riltand if required were

stimulated with 20ng/ml recombinant mouse Interleukin-2 (R and D Systems, Cat. No
402-ML) and 5ng/ml recombinant mouse Interleukin-5 (R and D Systems, Cat. No
405-ML-005). The primary murine splenic B-cells were seeded at a ceitydehs
1x1C/ml and if required were stimulated withpigml lipopolysaccharide (Sigma,

Cat. No L6143) or with 2,m/ml purified hamster anti-mouse CD40 monoclonal
antibody (BD Pharmigen, Cat. No 553721) alone or together with 100ng/ml
recombinant mouse Interleukin-4 (R and D Systems, Cat. No 404-ML).
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2.2.15 Isolation of murine B-cells

Male C57BL/6 mice (8 to 10 weeks old) were purchased from Harlan Olac. All the
mice were conventionally housed and maintained in individually ventilated dages.
mice were killed by cervical dislocation and the spleens were asgpteabved and
macerated individually in petri dishes containing complete media (RPMI 1640, 10%
FBS, 50U/ml penicillin/streptomycin and 0.05mM 2ME). Large debris was removed
by decanting followed by washing 2 times in complete media. B-cells weageidol

from whole splenic cells using DyrffaMouse B-Cell Negative Isolation Kit (Dynal,

Cat. No 114.21D). A total of 5x1@vhole splenic cells were resuspended in a tube
containing 500l of Bufferl (PBS/0.1% BSA, 2mM EDTA, pH 7.4), 1d®f heat-
inactivated FBS and 1@0of the antibody mix and left to incubate at 4°C for 20 min.
Following this incubation, the cells were washed once in 10ml of Bufferl and gellete
by centrifugation at 1500 RCF for 10 min at 4°C. After pouring off the supernatant, the
cell pellet was resuspended in 4mls of Bufferl and 1ml prewashed Mouse Depletion
Dynabeads and left at room temperature for 15 min incubation (with gentig &hd
rotation). Next, the bead-bound cells were gently resuspended by pippeting artanes
5 ml of Bufferl was added to the tube. The tube was then placed on the magnet (Dynal
MPC™) for 2 min. The cell suspension (containing negatively isolated B-cells) was
transferred to a new tube. The cells were resuspended in complete medi& at a ce
density of 1x18&ml. A purity of > 80% was achieved (data not shown) as assessed
using PE Rat anti-mouse CD19 antibody (BD Pharmigen, Cat. No 557399) by FACS
analysis (FACScan, Becton Dickinson).

2.2.16 Detection of IgM

The IgM was detected using either ELISA or ELISPOT methods. The two metleods ar
described below.

2.2.16.1Enzyme linked immunosorbent assay (ELISA) for IgM detection

ELISA was performed in a 96-well Maxisorp Immunoplate (Nunc. Ltd., Cat. No.
475094). The plate was coated withuB@ell purified rat anti-mouse IgM antibody
(BD Pharmingen, Cat. No. 553435) diluted to an optimised amounigain2in 0.1M
bicarbonate buffer (10X Bicarbonate buffer; 6.36g®@;, 11.72g NaHC®in 400ml|
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distilled H,0, pH 9.6) and kept overnight at 4°C (in a damp box).

Following day, the plate was washed 2 times with 0.1% PBS/Tween20 and then
blocked with 10Ql/well of 1% PBS/BSA (Sigma, Cat. No A7906) for 1 hour at 37°C

(in a damp box). After washing the plates 4 times with 0.1% PBS/TweenZ20, a 10 point
standard curve with 1@0well of mouse IgM (Sigma, Cat. No M3795) was set up in
duplicate. A series of doubling dilutions in 1% PBS/BSA were set up, starting from a
concentration of 1000ng/ml. Next, the cell culture supernatant was prepared by
centrifugation at 15,000 x g for 30 sec to remove cell debris and dilution (1:100) in 1%
PBS/BSA. Next, 10@/well of the diluted supernatant was added to the plate in
triplicate and the plate incubated at 37°C for 1 hour. Following incubation, the plate
was washed 4 times with 0.1% PBS/Tween20 analhd6ll of goat anti-mouse IgM
Peroxidase Conjugate antibody (Sigma, Cat. No A8786) diluted 1:2000 in 1%
PBS/BSA was added to the plate. After an incubation at 37°C for 1 hour and 30 min,
the plate was washed 5 times with 0.1% PBS/Tween20, ativg0 of 3,3',5,5’
Tetramethylbenzidine (TMB) Liquid Substrate System (Sigma, Cat. No T4v&&!)

added to the plate. After observing a visible colour change (the positive uvabsl t

blue within 2-5 min) the reaction was terminated witllb@ell of 2M H,SO, and

the resulting OD read at 450 nm using a Multisdatepreader (Titertek Multiscan

PLUS MKII, ICN Flow). Data was analysed using Mukip Expression Data Analysis
software (Hitachi).

2.2.16.2Enzyme linked immuno-spot assay (ELISPOT) for IgM detection

ELISPOT was performed using the Mouse IgM Elispot Plus Kit (Mabtech, Cat No
3845-2HW-PIlus). In accordance with the manufacturer’s instructiongwel of

70% ethanol was added to the plate (type MAIPSWU) for 2 min. Following treatment
with 70% ethanol the plate was washed 5 times witlu2@@ll of sterile water. Next,
10Qul/well of the coating anti-IgM antibody (1:@/ml) was added to the plate and kept
overnight at 4C. The following day, the plate was washed 5 times withu2@@ll of
sterile water and then blocked with 20@vell of complete media for 30 min at room
temperature. After blocking the plate, the media was removed apth280 of the

cell suspension was added to the plate. The plate was placed if@I€82

incubator for 24 hours. The following day, the cells were removed by washing the
plate 5 times with 200/well of PBS. Next, 100l/well of the detection antibody
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(1ug/ml anti-IgM biotin) was added to the plate and incubated at room temperature for
2 hours. After incubation with the detection antibody, the plate was washed 5 times
with 20Qul/well of PBS and 10@l/well of Streptavidin-HRP (1000x diluted in
PBS/0.5%FBS) was added to the plate and incubated at room temperature for 1 hour.
After the incubation, the plate was washed 5 times witu206ll of PBS and

10Qul/well of TMB substrate solution was added to the plate for development. Spots
emerged within 5 min of incubation at room temperature. The spot colour development
was stopped by washing the plate extensively in tap water. After dryimpdptiee the

spots were counted using either a dissection microscope or Elispot reader.

2.2.17 Analysis of cell surface marker expression by FACS

The expression of various cell surface markers were examined using phyod@&k)
conjugated antibodies. Typically 1X1€ells were resuspended in 1.0@BS and

stained with jug antibody. The antibodies used were PE Rat Anti-mouse CD138 (BD
Pharmagen, Cat. No 553714), PE Rat Anti-mouse CD19 (BD Pharmagen, Cat. No
557399) and PE Rat Anti-mouse IgGRasotype control (BD Pharmagen, Cat. No
555930). Cells were incubated with antibodies for 30 min at 4°C in the dark, and then
washed twice in PBS. The cells were then resuspended in PBS and analysed by FACS
on a Becton Dickinson FACScan flow cytometer. The FACS data was analysed using

CellQuest Software (Becton Dickinson).
2.2.18 Analysis of apoptosis by FACS

The apoptotic cells were detected by using the Annexin V-APC ApoptosistiDate

Kit (eBioscience, Cat No 88-8007). In accordance with the manufacturer’s

instructions, 1x1%&ells were harvested, washed once with PBS and resuspended in

1ml of 10 x diluted Annexin V binding buffer. Next5of Annexin V-APC was

added to 10@ of the cell suspension (1x4lls/ml) and incubated in the dark at

room temperature for 10-15 min. Next, the cells were washed once and resuspended in
200ul of 10 x diluted Annexin V binding buffer and immediately analysed by FACS

on a Becton Dickinson FACScan Flow Cytometer. The FACS data was analysed by
the CellQuest Software (Becton Dickinson).
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2.2.19 Transfection of mammalian cells with plasmid DNA

Two methods of transfection were used during the course of the experiments, the
calcium phosphate method and the commercially available GeneJaBtratagene
Products — Agilent Technologies, Cat. No. 204130).

2.2.19.1 Calcium phosphate method:

One day prior to transfection, a total of 1%&6lls were seeded per well of a 6-well

cell culture plate. On the day of the transfection, fresh 2x TransfectioargQfséml

0.5M HEPES-NaOH pH 7.1, 0.5ml 2M NacCl, 10a00mM NaHPQ, pH 7 dissolved

in 5ml of cell culture grade water) was prepared. Next, a DNA cocktaipvegsred

with the following composition: jig DNA, 1Qul 10x NTE, (8.77g NaCl, 10ml 1M
Tris-HCL pH 7.4, 2ml 0.5M EDTA pH 8 dissolved in 100ml distilled water) and
12.5ul 2MCaCk. The volume of this mixture was made up todlG@ith sterile cell
culture grade water. The DNA cocktail so prepared was added drop wise to an equal
volume of 2x Transfection Buffer. Using a Pasteur pipette, a stream of buases
gently blown through the mixture 5 to 10 times to help promote the formation of the
precipitate. This DNA cocktail/transfection buffer mixture was added toele and

the plate was transferred to the 37°C/,@@ubator for 6 — 8 hours. Next, the cells
were washed once with PBS, fresh media was added to the cells and the plate was
returned to a 37°C/C{Qncubator.

2.2.19.2GeneJammef (Stratagene Products — Agilent Technologies)

One day prior to transfection, a total of 2Xx&&ponentially growing cells (in 2mls
media) were seeded per well of a 6-well cell culture plate. The next tay tahe of
transfection the cells had reached ~ 60-70% confluency in culture. The ¢tenmsfe
mixture was prepared by addingl ®f GeneJammer® transfection reagent tal97
serum and antibiotic free media (mixed well with pipetting). The diluted &etish
reagent was incubated at room temperature for 5 min. NextDINA was added to

the diluted transfection reagent and mixed gently by pipetting. The transfecti
mixture was allowed to incubate for 45 min at room temperature. Next, the ¢ttaorsfe
mixture was added drop wise to the cells in the cell culture plate. The plages wer
rocked back and forth gently to distribute the transfection mixture evenly amdeet
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to 37°C /CQ incubator.
2.2.20 Preparation of mammalian protein lysates

Whole cell protein lysates were made from %3ax10 cells. The cells were washed
once with ice cold PBS (to remove media) and centrifuged at 15,000 x g for 5 min at
4°C. The cell pellet was disturbed (until no clumps seen) and resuspendeglitix100
NP-40 buffer (1% Nonidet P-40 [Perbio], 20mM Tris pH 7.8, 150mM NaCl, 2mM
MgCl, and 1mM EDTA) containing the protease inhibitors (Roche, Cat. No.
05892791001). After 30 min incubation at 4°C, the nuclei and cell debris were
removed by centrifugation at 15,000 x g for 5 min at 4°C. The supernatant (protein
lysate) was transferred to a new tube and stored at -80°C. Protein was guastifge
Bicinchoninic Acid Assay Kit (Sigma, Cat. No BCA 1)

2.2.21 Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PABE

Proteins were separated by SDS-PAGE using the SE250 Mighty-Sstaiinsy
(Hoefer) on 10 x 8 cm min-gels. A 10% resolving gel was constituted as follows:

i.  5ml Acrylamide/ bisacrylamide solution 29:1 (30%) (Prot8déhtional
Diagnostics)

i. 3.75 ml Resolving Buffer (ProtogeNational Diagnostics 1.5 M Tris-HCL,
0.4% SDS pH 8.8)

ii.  6.25ml ddHO
iv.  15ul N,N,N’,N’-Tetramethylethylenediamine TMED
v. 150ul 10% Ammonium Persulphate (APS) solution
Next a 4% stacking gel was constituted as follows
i.  1ml acrylamide/bisacrylamide solution (29:1) (30%)

i.  1ml Stacking Buffer (Protog®INational Diagnositics 0.5M Tris-HCL, 0.4%
SDS pH 6.8)

ii.  5ml ddHO
iv.  15ul TMED
v. 150ul 10% APS solution

The polymerised gel was transferred to the running tank filled with 1X Gel Running
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buffer (23mM Tris, 192mM glycine, 0.1% SDS, pH 8.3). The loading sample was
prepared by mixing 18 of the protein lysate, (corresponding to approximately 30 —
70ug protein) with 1@l of 2X Laemmli sample buffer (Sigma, Cat. No. S3401) and

then heated to 95°C for 5 min. The sample was then loaded into a well on the stacking
gel. Initially the gel was run at 100V, when the dye began to enter the resolvthg ge

voltage was increased to 200V till the dye reached the bottom of the gel.
2.2.22 Western blotting and antibody detection

After SDS-PAGE proteins were transferred from the gel to the nitroocsdul

membrane (Protr&n Schleicher and Schuell) using a G&riiectrophoretic Transfer
blotter (Idea Scientific)Proteins were transferred onto the nitrocellulose membrane in
1X Transfer Buffer (25mM Tris, 192 mM glycine, 20% methanol, 0.1% SDS pH 8.3,)
at 1 Amp for 30 min. The membrane was then removed from the transfer tank and
blocked in Blocking Buffer (10% skimmed dried milk, (Sainsbury) in 20ml PBS, 0.1%
viv Tween-20) and left at 4°C overnight. After the overnight blocking step the
membrane was incubated with the primary antibody (working dilution adjusted in the
blocking solution) for 1 hr at room temperature. After incubation with the primary
antibody the membrane was washed 3 times (5 min each wash) with PBS, 0.1% v/v
Tween-20. Next, the membrane was incubated with the HRP-conjugated secondary
antibody (working dilution adjusted in the blocking solution) for 1hr at room
temperature. After incubation with secondary antibody the membrane wasiv@ashe
times (each wash 5min.) with PBS, 0.3% v/v Tween-20 and three times 5 min with
PBS, 0.1% v/v Tween-20 and was ready for development.

2.2.23 Enhanced chemiluminescence (ECL) development

The horse radish peroxidase (HRP) conjugated secondary antibody was deteuted by t
SuperSigndl West Femto chemiluminescence system (Pierce Biotechnology, Cat. No.
34094). Each reaction reagent was mixed in 1:1 ratio before incubating with the
membrane for 5 min at room temperature. The membrane was then sandwiched
between two sheets of clear plastic and developed using the Kodak T-MAT i8/RA f
(Axis Healthcare) film or Amersham Hyperfilm ECL (Amersham Biesces) with a

Kodak X-OMAT 2000 Processor developer. Alternatively the membrane was analyses
using ImageQuant LAS4000 (GE Healthcare). The intensity of the observed bands was
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quantified using ImageQuant 1D Gel Analysis software (GE Healthcare).
2.2.24 RNA extraction

Total RNA was extracted from mammalian cells usingRNeasy Mini Kit (Qiagen, Cat.
No 74104). In accordance with the manufacturersrirctions, 5x10cells were
harvested, washed once with PBS and the cell pelteispended in 6QDBuffer
RLT. The cell pellet was loosened thoroughly bykitig the tube followed by vortexing
until no cell clumps were visible. The lysate wasiogenized by vortexing for 1min.
Next, an equal volume of 70% ethanol was adddaettdidmogenized lysate and mixed by
pipetting. Sample was applied to RNéaspin column in collection tube and centrifuged
at 15,000 x g for 15 sec. After discarding the sugiant, the RNeaSyspin column was
washed once with 700ul Buffer RW1 (15,000 x g fos&&onds) and twice with 500
Buffer RPE (15,000 x g for 15 seconds). Next, the &l\fespin column was placed in a
1.5ml collection tube, 50 RNase free water was added directly to the spumaen
membrane and centrifuge at 15,000 x g for 1 melute the RNA. Total RNA
concentration was determined by measuring the adiimogt 260nm using the
Nanodrop’ ND-1000 spectrometer (Agilent Technologies). The ity gf the RNA

was checked on a 1% agarose gel.

2.2.25 Reverse transcription and cDNA synthesis

Reverse transcription for cDNA synthesis was carried out using Quafitifecerse
Transcription Kit (Qiagen, Cat. No 205311). In accordance with the manufacturer’s
instructions, template RNA was thawed on ice while the gDNA Wipeout Buffer,
Quantiscrip? Reverse Transcriptase, Quantis¢HR(T Buffer, RT Primer Mix, and
RNase-free water were thawed at room temperature. The genomi@DhAation
reaction was prepared on ice by mixinggtemplate RNA with 2l gDNA Wipeout
Buffer and adding RNase-free water to bring the total volumetb The mix was
incubated for 2 min at 42°C and immediately placed back on ice. Next, the reverse-
transcription master mix was prepared on ice, composih@uaantiscrip? Reverse
Transcriptase, 4 Quantiscripf RT Buffer (5X) and ful RT Primer Mix. Theentire

(14ul) genomic DNA elimination reaction was added to the reverse-transeripti
master mix. The Reverse-Transcription Reaction (RT Reaction) was&iuktated for

15 min at 42°C and then for 3 min at 95°C to inactivate QuantiSdRigverse
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Transcriptase. The cDNA sample wasred at -20°C.
2.2.26 PCR (polymerase chain reaction)

PCR was performed using PCR Master Mix (PromegalNG&7502). In accordance
with the manufacturer’s instructions, the PCR Master Mix was thawed at room
temperature. After vortexing, it was briefly centrifuged to collect thgenal in the
bottom of the tube. The reaction mix was prepared on ice, foro2Beaction volume,
the following composition was used: 1gl®f 2X PCR Master Mix, il (10uM)
Forward Primer, il (10uM) Reverse Primer,12 of DNA template and 8,8 of

Nuclease-Free Water.

The PCR was carried out in a Biometra UNO Il thermocycler (Bi@nd he thermal

cycling profile was as follows:
i. An initial denaturation step at 95°C for 2 minutes
ii. Followed by 30 cycles of:
a. 95°C for 30 seconds (Denaturation)
b. 58°C for 30 seconds (Annealing)
c. 72°C for 1 minute (Extension)
Following the 30 cycles there was a final extension step at 72°C for 5 min
2.2.27 Quantitative real time PCR (Q-RT-PCR)

Quantitative real-time PCR was performed in MicroAmp Optical\8#l Reaction
Plate (Applied Biosystems, Cat. No. N8010560) using\BI Prisnf 7000 Sequence
Detection System (Applied Biosystems). The reactiaa composed of the following:
12.51l 2x QuantiTect SYBR Green PCR Master Mix (Qiagexh. Glo 204143), dl
(10uM) each of the forward and reverse primers,d® cDNA template and appropriate

volume of RNase-free water in a final volume qfil29he program consisted of:

i. Aninitial cycle of 95°C for 10 minutes

ii. Followed by 40 cycles of
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a. 95°C for 15 seconds
b. 58°C for 15 seconds
c. 72°C .for 30 seconds

The relative fold change in the mRNA expression of the target gene wasitsdcul
from the Q-RT-PCR experiments using theé2 method (Livak and Schmittgen 2001).
The 2*2¢; method presents the data as fold change in mMRNA expressiomlized to
the mRNA expression of the reference (housekeeping) gehelative to the mRNA
expression of the target gene in the calibrator sarbpke(ine sample). In this projgt
actin was used as the reference gene in all the Q-RT-R@Rments. Appendix C
shows a typical example of using th&*2 method of relative quantification to
determine the fold change in mRNA expression of the target gene.

2.2.28 Production, concentration and titration of lentiviral supernatant

The procedure for the production, concentration and titration of lentiviral supernatant

was based on the protocol published by Tiscornia et al 2006.

On Dayl, a total of 3x£@93T cells (in 10ml complete DMEM media) were seeded

on a 10 cm cell culture plate. The plate was swirled thoroughly (to spread the cells
evenly across the surface) and transferred to the 37°GACabator. On Day 2,

following overnight culture, cells had reached 60 — 70% confluency. Next, the
transfection mixture was made up as followsad @ntiviral plasmid DNA and &g

each of the packaging plasmid DNA (pMDLg/pRRE, pRSV-Rev and pMD2.G) were
diluted in 60@ serum free/antibiotic free DMEM media. Next,6@f 1mg/ml
polyethylenimine pH 7 (PEI) was added and mixed well by pipetting. After 15 min
incubation at room temperature, the transfection mixture was added to the cells drop
wise. The plate was swirled gently and returned to 37°gi€&dbator. On Day 3, the
transfection efficiency was assessed visually (GFP positive cdiie)mgdia in the

plate was replaced with fresh 10ml of media and returned to 37 %#Cabator. On

Day 4, the media in the plate was collected (first harvest of lentiviral rsatpet) and
stored at 4°C. Next, 10ml of complete DMEM media was added to the plate and
returned to 37°C/ CQncubator. Similarly, on Day 5 the media in the plate was
collected (second harvest of lentiviral supernatant) and pooled with the lentiviral
supernatant collected on Day 4. Next, the pooled lentiviral supernatant was cleared of
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cell debris by filtering through a 0.48n filter. The filtered lentiviral supernatant was
aliquoted and transferred to -80°C. If required, the lentiviral supernatant was

concentrated by Ultracentrifugation (Beckman Coulter).

To determine the titration, tenfold serial dilutions of the concentrated lehtivira
supernatant (from undiluted to a dilution factor oPL&vere made in PBS. Each

dilution was made up in a volume ofyBONext, 1x1G 293T cells (in 500l of

complete DMEM- media) were seeded per well of a 24 well cell culture plae,

20ul of each of the diluted lentiviral supernatant was added to the cells and the plate
transferred to 37°C/CQOncubator. After 48 hours in culture, the cells were harvested,
washed once with PBS (to remove the lentiviral supernatant) and the transduction
efficiency (GFP positive cells) was analysed by counting fluorescesuisyaon-

fluorescent cells in a neubauer cell counting chamber.

The biological titre, BT (Transducing Units (TU)/ml,) was calculatesbeting to the
formula: TULI = (P x N/100 x V) x 1/DF developed by Tiscornia et al 2006.

Where

* P = % GFP positive cells

« N = Number of cells at the time of transduction (= Dxiglls)

* V = Volume of dilution added to each well (=2D

« DF = dilution factor = 1(undiluted), ¥¢diluted 1/10), 1G(diluted 1/100), and so on.
2.2.29 Luciferase assay

For the luciferase assay, 293T cells were transfected with Fugenerbtbed, Cat

No. E2313). For details on transfection see section 2.2.19.2. A day prior to transfection
approximately 2x19cells/ml were seeded per well of a 12 well tissue culture plate. On
the day of transfection, the cells were co-transfected with 200ng of the éxpress
construct, 100ng of theirefly luciferase reporter construct and, for normalization
purposes, 10ng of tHeenillaluciferase construcEirefly andRenillaluciferase

activity was analyzed 24 hours after transfection with Dual luciferaseteepgsay

system (Promega, Cat No. E1910) according to the manufacturer’s instructions using a
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Floustar Optima plate reader (BMG Labtech).
2.2.30 Statistical Analysis

A studentt test was performed wherever applicable. plalues are indicated as
follows: *p < 0.05, **p < 0.01, ***p < 0.001.
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Chapter 3

Design and cloning of the RNAI constructs
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3.1 Introduction

RNA interference (RNAI) is a techniqgue commonly used in molecular biologudy s
gene function. The expression of a particular gene can be downregulated by either
using synthetic small interfering RNAs (SiRNAS) or vectors/virusasttanscribe

short hairpin RNAs (shRNAS). In this project, a lentiviral based RNAI vectocopSi
(Plasmid for Stable RNAi — Conditional — Reverse) was used in the RNAI
experiments. It was developed by Dr Tyler Jack’s group at the CenteariceC
Research, MIT. The ability of pSicoR to efficiently downregulate endmgegene
expression has been demonstrated in several studies. Ventura et al demonstrated
efficient downregulation of endogenous p53, nucleolar protein NPM and DNA methyl
transferase DNMT1 (mRNA and protein levels) in both mouse embryonic fibroblasts
(MEFs) and embryonic stem (ES) cells (Ventura et al. 2004). Similarlgskiei and
Jaenisch in their study demonstrated efficient downregulation of the trarwscripti

factor CDX2 in primary fibroblasts (Meissner & Jaenisch 2006).

In another study, pSicoR was used to transcribe shRNAs targeting the known
regulators of miRNA processing (Dorsha, DGCR and Dicerl) in mouse lung
adenocarcinomas (LKR13) cells (Kumar et al. 2007). The results showed that a
decrease in expression of miRNA processing proteins enhanced the transfoohati
the cancer cells. Also, the expression levels of the oncogenes c-Myc and K-BRas wer
higher in the RNAI cells compared with the control cells. Overall, it was eded|

that miRNAs play an important role in regulating oncogenesis, possibly through

targeting oncogenes (Kumar et al. 2007).
3.2 Results

The aim of this part of the project was to identify and clone DNA sequences into
pSicoR which would then transcribe shRNAs targeting the zfp3611 mRNA. The
resulting recombinant pSicoR constructs (referred as the RNAI consiuerts)
identified following restriction enzyme digestion and detection by gelrefgdworesis.
Each RNAI construct was verified by DNA sequencing to be cloned with the correct

DNA sequence.
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3.2.1 Bioinformatics analysis to identify shRNAs targeting the zfp36/1 mMRNA

The programme PSICOLIGOMAKER version 1.5 was used to identify DNA
sequences, which when cloned into plasmid pSicoR would transcribe shRNAs
targeting the zfp36l/1 mRNA, see Materials and Methods section 2.2.1 for programme
details. The programme’s author (Dr Andrea Ventura, MIT Center for Cancer
Research) refers to these identified DNA sequences as “19mer seu€hees
programme enables identifying and designing optimal shRNAs, based on a set of
criteria published by Angela Reynolds et al. (2004). The criteria are listgapi@nilix

A, Table A.1.

PSICOLIGOMAKER generates the 19mer sequences using the full length pletem
cDNA sequence for the gene of interest. Given a DNA sequence, the programme
returns a list of 19mer sequences that have a score equal or higher than a cut off value
chosen by the researcher. According to the programme’s author, 19mer sequéinces wi
a score of 6 or above (maximum possible score 9) have a higher chance of achieving
silencing of the target mMRNA. Following analysis by PSICOLIGOMAKE&veral

19mer sequences with a score of 8 were generated using the mouse zfp3611 complete
cDNA sequence (NCBI accession No. NM_007564.5), the selected three 19mer

sequences (score of 8) are show in Table 3.1.

Table 3-1| 19mer sequences generated using the mouse zfp36l1 complete cBEguence
mouse zfp36I1
complete cDNA

S.No. 19mer sequence :
corresponding
nucleotides

1 | 5-GTAACAAGATGCTCAACTA-3' e 'E’OpF;FZ)B bp

, , 1284 bp — 1303 bp
2 5-GAACAACCTTGGTATGTTA-3 (3UTR)

, , 1507 bp — 1526 bp
3 5-GCAACTTAGTGCCTTGTAA-3 (3UTR)

Using the human zfp36l1 complete cDNA sequence (NCBI accession No.
NM_004926.3), two 19mer sequences (score of 8) were selected, see Table 3.2. It is
important to note that although the human zfp36I1 gene has multiple alternatively
spliced transcript variants encoding different isoforms (Transcript Matia
NM_004926.3, Transcript Variant 2: NM_001244698.1 and Transcript Variant 3:
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NM_001244701.1), the selected two 19mer sequences were common for all the

transcripts.

Table 3-2| 19mer sequences generated using the human zfp3611 complete cDNA

sequence
human zfp36I1
S.No. 19mer sequence complete CI.DNA
corresponding
nucleotides
1 5-GTAACAAGATGCTCAACTA-3’ 1034?8IR_>F1)053 22
0 oy 2353 bp — 2372 bp
2 5-GCAACTTAGTGCCTTGTAA-3 (3UTR)

The exact positions of the 19mer sequences on the mouse and human zfp36l1 complete

cDNA sequence are shown in Figure 3.1 and Figure 3.2 respectively.

The following two 19mer sequences were common in both mouse and human zfp36I1
complete cDNA sequence.
i. 5-GTAACAAGATGCTCAACTA-3’ (common in both mouse and human
zfp3611 complete cDNA sequence, region ORF)
ii. 5-GCAACTTAGTGCCTTGTAA-3' (common in both mouse and human
zfp3611 complete cDNA sequence, region 3'UTR)

The above mentioned two common 19mer sequences are shown as underlined in

Figure 3.1 and Figure 3.2.

The 19mer sequence 5-GTAACAAGATGCTCAACTA-3’ (common in both mouse
and human zfp3611 complete cDNA sequence, region ORF) was used to generate the
scramble 19mer sequence. The scramble 19mer sequence with the same nucleotide
composition was generated using the programme Scramble siRNA Wigeed

Materials and Methods section 2.2.2 for programme detalils.

19mer sequence 5-GTAACAAGATGCTCAACTA-3’
Scramble 19mer sequence 5-GAACTCAAGACCGATATTA-3
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5!

GGGAGAGTCAGAAAGGCGAGGGGCGCCGGGAGCAGGCGTGTGGGACTCCT
GACCGGAGAGCCGGAGGCTGCGCCTTCCCCGCACCGGGACCTTCACGACAC
ACCAGATCCTAGTCCTTGCCCCGTGCGAACGCCCACKT GACCACCACCCTC |4
GTGTCCGCCACCATTTTTGACTTGAGCGAAGTTTTATGCAAGGTAACAAG
ATGCTCAACTA CAGCACTCCCAGCGCTGGGGGCTGCCTGCTGGACAGGAAG
GCAGTGGGCACCCCTGCTGGCGGGGGCTTCCCTCGCAGGCACTCGGTCALT
TGCCCAGCTCCAAGTTCCATCAGAACCAGCTTCTCAGCAGCCTTAAGGGTS
GCCGGCCCCGTCCCTGAGCTCACGCGACAGCCGCTTTCGAGACCGCTCTTT
TCCGAAGGGGGCGAGCGGCTGCTGCCCACCCAGAAGCAGCCTGGGAGCGGL
CAGGTCAACTCCAGCCGCTACAAGACGGAGCTGTGCCGTCCCTTCGAAGAA
AACGGTGCCTGTAAGTACGGGGACAAGTGCCAGTTCGCGCATGGCATCCAC
GAGCTCCGCAGCCTGACCCGCCACCCCAAGTACAAGACGGAGCTGTGCCGC
ACCTTCCACACCATCGGCTTTTGCCCGTACGGGCCCCGCTGCCACTTCACTT
ATAACGCCGAGGAGCGACGCGCCCTGGCGGGGGGCCGAGACCTCTCCGCTG
ACCGTCCCCGCCTCCAGCATAGCTTTAGCTTTGCTGGGTTTCCCAGTGCCG
TGCCACCGCCGCTGCCACGGGGCTGCTGGACAGCCCCACATCCATCACCCC
ACCCCCTATCCTGAGCGCCGATGACCTCTTGGGCTCACCTACTCTGCCCGA
GGCACCAATAACCCCTTCGCCTTTTCCAGCCAGGAGCTGGCGAGCCTCTGI
CTCCTAGCATGGGGCTGCCTGGGGGAGGCTCCCCCACCACTTTCCTCTIGC
GCCCATGTCCGAATCCCCTCACATGTTTGACTCTCCCCCCAGCCCTCAGGA
TCTCTCTCGGACCACGAGGGCTATCTGAGCAGCTCCAGCTCCAGCCACAGT
GCTCAGACTCCCCTACCTTGGACAACTCAAGACGCCTGCCCATTTTCAGGCA |Y
ACTCTCCATCTCAGATGACTAAGCCAGGGTAGGGAGGGACCCCCCCCCATG | 4
CCTCCTTCACCTCTCCACCCCATCTCTTCCCTTCACCTCCCCACCCCCTEA
TTCCCTCAAACCCCACATTGATACATTTAAGCTCAGCCCCTTTCCCSAACA
ACCTTGGTATGTTA CCCTCCCCCCACATAAGGACAAGTCAATTTGTTGGTA
GCTTCTGGCTTGAAACCCTCTCCCTCCATTTCATAGCCCACTTAACCACGET
AACAGAGTTCCATCTTTTGTCAGTAGATGCCTTTTTTTACCCCCCCCCACCC
CCCCGGCTTAAGCCTTAAGTGCCAAATCACAAAAGAAAAAAAGCAGTAACC
GTTTACAGAAGCAACTTAGTGCCTTGTAA TCTAACTTTGTCACTGTGACTA
CATTACCTCTTCAACGCCAGGGGGCACCCGTGGGCCTCCCAGAGCCTCTGC
CGTGGGGTTGGGGGTGGGGGTGGGGTGACCCGCAACCAGCAGCTCCCCCAG
CTGGCCACACAAGTGCACCTTTCTTTCGGTCTCCCGCACACTCTTCCTCTC
TTATAGTTACTCACCTCCCTCAGAGAGTTGTTGCTGGACTTGGGGTTTTTIG
GGGGGAGGGGTCTATTTTGACTTTCAAAACCTTTTACTTCCCAGCCCGAAC
CCTGTTGACTAATCTTGCCTGGGTTTGTGTAGGTCTCCAGGGACAAAGGTE
AACAAGTTGGACGAAGGTTTTGACATAAGTGGGACTTCGTGATTTAATTTCT
TTCTTTCTTTTCTTTTTTTTTTAAGTGGGGAGGAAGGGGAAACTAGATGGAT
ATGAGAGACTTGATTTTGGTGCTAAAGTTCCCCAATTCATATGTGACATCTT
AAAAATGACAACAAATGAGAGAAAAGCTAAAAACAACAAAAAAAAACATG
TAAGGGGTGAGCAGTTAATGGTCTGCATTCCACATACAATATCTGTGTAAM
CGATTTCCTGTAGAAGTAGCTTTAATGGATTTTGCTCTAGAATACCTTAGG
CTACCTTAGAGCCCCCACACAATGCTTTTTTCCCTGGGTTTAAACTTCATCTA
ACTTTCAGAAATTGGAGAGCAAAAATGTTGCTTATCACTGCACATCAATATA
AAAAAGCTTATTTAACTTATCAAAACGTATTTATTGCCAAACTATGCTTTT TT
TGTTAATTTTGTTCATATTTATCGGGATGACAAATCCATAGAATATATTCTTT
TATGTTAAATTATGATCTTCATATTAATCTTAAAATTTTGTGACGTGTCTT TC
CTTTTTTCCACAGTTTTAATATATTATTCTTCAACAACATTTTTGTAACTT TAC
ACTTTTTTTGGTTATTTTATTTTAAAAAAATGAAAAATTAATTTAAAAAAA T
GCAAAAAACTGTTGGATTATTTATTTTAGAAATTCTCCCCTTTGTGTTGGACT
GCAAATTGAGTTTCTTTCTCCTTAGGCCTTTCACAGGTAGGACTGAGAATG
ATGTATAAGTTCTGTGACAGTACAGAAGGAAAACCACCATTTTATGTATAGC
TTCTAAAAGGGAAAACAAAAAAAGAGAAAAACCCTTTGAATTCCATGTGCC
CATCTCAAGACATTCCGCTCGCAGATTTGTGGTTCTGGATTCCAGGTTGGA
TTTTCCAATGTTGACATAAACAACTGGCGCACACACATAAAGATGAATGTA
ATTATTATTCCTCTTGCTGGTCACTACCGTCGCTTTCTATTTCTCTTTCTIGT
GTGAATTTATTTAAAAGAAAAAAAAAACTTTTTGTAACGACTATTTGCAGT T

v

5'UTR

|

ORF

L}

3 UTR

TAAAAATCAATAAACCCCGTTTTTC Y\

y 3

Figure 3-1| The mouse zfp3611 complete cDNA sequence showing the position of
the 19mer sequencesThe figure shows the mouse zfp36l1 complete cDNA sequence
NCBI accession number NM_007564.5 (2984 bp). The sequence shown in red
represents the ORF region whereas the sequence shown in black reprdssaris it

3’ UTR region. The exact positions of the 19mer sequences are shown in yellow.
Sequence downloaded from http://www.ncbi.nlm.nih.gov/nucleotide/158508425 nm-

007564,
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51

GAGAGCGCCGGCTGCAAAGCGAGCGCGAGTGTCGACGCGTGCGGCGCACAATTGTG
CCGCGCTCGCCCCCGCCAGACCATGTCCTCCTGGGGAAAAAGTTTCCCTAGCCCCCA
GCAGCGCGCCCCACCCTACGCCCCGCTGGAAAAAAAACAGCAACATAAAATCTAGGC
TTGAACATTCTGTGCGTCCCAAATTTCTAATGTCCTCGGCCTGCCCGGTTCCGAAGGG
AGCCGAGTGTCGAAGAGAAGTCGGGAAAAGGTAAGTTGTGCAGACACTTGGGAAGTT
TCAAGGAGACCGCCAGCTCAAGATGGAAACCGCGGCCCGGGCGCTAAGGARGGCTTC
AGCTCCCGCTGGCAAAAAGAGAAAGTCGAGCCCGCCTTCCTGCCCAACAAAAACAAC
AACATGACAACAAGAACCCCGGAGGGAGTGGAATGAGTGACGTCACAGCCEGCTCTG
AGGCTGACAAAGGAGGGGGCGCGCCCCTCCCGCTCTGCGCCCGCGCGGMTBAGAG
GGGGCGCCTGAAGCGCCGGGTAGGGAAGTCAGCCGACTTGAAACTTTTCCTTAAAGA
AAAAAAAAAAAAAGTTGTGCGCGGCTCACAGTGGGGTTTTTTTTTTCCGCATCTTTTCT
CGTCTCCCCTCCCCCTTCTTCCTTTTGAAAGTTTCTTCTCCTCCCCCTGCCCCCTCCCC
GCCTGACCGCATGGCTGATTCAACTCCAGTGTCAATCAACTTCTTTTTCCTCTCTTCCTC
ATTTAAATAAGTTTAAAGCTCCTCCTCCCCCCGGCCCACCAAATCTGAACTTATAAATT
GGGCTTTGCGCGCCCCAGCCCGGAGTCAGAAAGGCGAGGGGCGCCGGGARBGCGTG
TGGGACTCCAGACAGGAGAGGCTGCGCCTTCCCCGCACCGGGACCTTCGARGACACCA
GATCCTCGCCCCTGGCTCGCGCGAACGCACAGEG GACCACCACCCTCGTGTCTGCCAC
CATCTTCGACTTGAGCGAAGTTTTATGCAAGGSTAACAAGATGCTCAACTA TAGTGCT
CCCAGTGCAGGGGGTTGCCTGCTGGACAGAAAGGCAGTGGGCACCCCTGGETGGGG
GCTTCCCTCGGAGGCACTCAGTCACCCTGCCCAGCTCCAAGTTCCACCABGECAGCTC
CTCAGCAGCCTCAAGGGTGAGCCAGCCCCCGCTCTGAGCTCGCGAGACAGGCTTCCG
AGACCGCTCCTTCTCGGAAGGGGGCGAGCGGCTGCTGCCCACCCAGAAGGACCGGG
GGCGGCCAGGTCAACTCCAGCCGCTACAAGACGGAGCTGTGCCGCCCCTEAGGAAA
ACGGTGCCTGTAAGTACGGGGACAAGTGCCAGTTCGCACACGGCATCCACCTCCGC
AGCCTGACCCGCCACCCCAAGTACAAGACGGAGCTGTGCCGCACCTTCCACCATCGG
CTTTTGCCCCTACGGGCCCCGCTGCCACTTCATCCACAACGCTGAAGAGEEGTGCCCT
GGCCGGGGCCCGGGACCTCTCCGCTGACCGTCCCCGCCTCCAGCATAGTAGCTTTG
CTGGGTTTCCCAGTGCCGCTGCCACCGCCGCTGCCACCGGGCTGCTGGARBRPCCCACG
TCCATCACCCCACCCCCTATTCTGAGCGCCGATGACCTCCTGGGCTCACBTCCTGCCC
GATGGCACCAATAACCCTTTTGCCTTCTCCAGCCAGGAGCTGGCAAGCCTOTGCCCCT
AGCATGGGGCTGCCCGGGGGTGGCTCCCCGACCACCTTCCTCTTCCGGR@IGTCCGA
GTCCCCTCACATGTTTGACTCTCCCCCCAGCCCTCAGGATTCTCTCTCGGREAGGAGGG
CTACCTGAGCAGCTCCAGCAGCAGCCACAGTGGCTCAGACTCCCCGACCTGIACAACT
CAAGACGCCTGCCCATCTTCAGCAGACTTTCCATCTCAGATGACTAGCCAGGGTAGGG
AGGGACCTCCTGCCTACTCCAGCCCCTACCCTGCACCCACATCCCATACCCTTCTCCC
TACCCATCCCATTCCCCACAGGCCCTACATTAACAAGGTTAAGCTCAACCCTTTCCCCC
AGCACCTCAGAATGTGCCCTCCCTCTCCCCCTCATAACCCCACCTAACATAGGACAAG
TCAATTTGTCAGTAGCTTCTTCTGGCTTGAAACCCCCTCCCTGGATTTTAAGCCCACTTA
CCATGCATAACAGACAAGTCCCATATTTTGTCAGTAGATGCCTTTTTTTTICCGGCTTAA
GCCTTAAGTGCCAAATCACAAGAGAAAAAGCAGTAACAGTTTACAGAA GCAACTTAGT
GCCTTGTAA TCTAACTTTGTCACTGTGACTACATTACCTCTTCAGCGCCAGAGGGCACC
CGTGGGCCTCCCGGAGCCTCTGCCCATGGCGGGGTGGAGACCCGGAACOAMEECCCC
CTCCACTGGCGACACAACTGCACCTTCCCTCATTTCAGTCTCCCGCACAQRATTCCTCC
TCCCCTCTTCCCGGTGGCACCTCTCCACCTGTACCCGCCCCCCCACCC@IACCCCTG
CCCCTTGGAAGAGTTGTTGCCAGACCAGGGTTTTGGGGGAAACCTGTCTIAZCATTCAA
AACCTTTTTCTTCCCGATCTGAACCCCTGTTGACTAATCTTGCCTGGGTTGTGTAGGTCT
GCAGGAAGGAAGGCTGAAAAAGCGGACGAAGATTTTGACTTAAGTGGGACTTGTGAT
TTAATTTTTTCTTTTTTTTAAGTGGGGAGGAAGGGGAAGCTAGATGGACTAGGAGAGAC
TTGATTTTGGTGCTAAAGTTCCCCAGTTCATATGTGACATCTTTTTAAAAAAAATAACAA
CAAAAAAAAAATGAGAGAAAAGCTAAAAAAAAAAAAGTAAGGGGTGAGCAG TTAATG
GTATTCATTCCACATACAATATCTGTGTAAAACGATTTCCTGTAGAAGTAGCTTTAATGG
TTTTTGCTCTAGAATACCGTAGGTCTATCCTTAGAGCACTCACGCCATGCTTCTTCCCTG
GGTTTTAAACTTCATATAACTTTCAGAAATTGGAGAGCAAAAATTTTGCTT GTCACTGCA
CATCAATATAAAAAAGCTTATTTAACTTATCAAAACGTATTTATTGCCAAA CTATGCTTT
TTTTTGTTAATTTTGTTCATATTTATCGGGATGACAAATCCATAGAATATATTCTTTTATG
TTAAATTATGATCTTCATATTAATCTTAAAATTTTGTGACGTGTCTTTTTCCTTTTTTTCCA
CAGTTTTAATATATTATTCTTCAACGACATTTTTTGTAACTTTACACTTTTTTGGTTATTTT
ATTTTAAAAAAATGAAAAATTAATTTAAAAAAATGCAAAAAACTGTTGGAT TATTTATT
TTAGAAATTCCCCCCTTTGTGTTGGACTGCAAATTGAGTTTCTTTCTCTTAGGCCTTTCA
CAACTAGGACTGAGAATGTATGTAAAAGTTCTGTGACAGTACAGAAGGAAAACAACTTT
TTATGTATAGCTTCTAAAAGGGGAAAAAAAAAAAAAGAGAAACCCTTTGAC TTCCACGT
GCCCATCTCAAGACATTCCACTCACAGATTTGAGGTTCTGGATTCCAGGTTGGAGTTTT
CCAATGTTAATGTAAACAGAACTGGCACACACACATTAAGATGAATGTAAT TATTATTC
CTCTTGCTGGTCACTACCGTCGCTTTCTATTTCTCTTTCTTTGTGTGAATIATTTAAAAG
AAAAAAAAACTTTTTGTAACGACTATTTGCAGTTTAAAAATCAATAAACCC CGTTTTTTC
AAGAAACATTGATAAAAAAAAAAAAAAAA

»d

5'UTR

ORF

3 UTR

31

Figure 3-2| The human zfp3611 complete cDNA sequence showing the position of
the 19mer sequenced he figure shows the human zfp3611 complete cDNA sequence
NCBI accession number NM_004926.3 (3887 bp). The sequence shown in red
represents the ORF region whereas the sequence shown in black reprdssras ait

3’ UTR region. The exact positions of the 19mer sequences are shown in yellow.
Sequence downloaded from
http://www.ncbi.nlm.nih.gov/nucleotide/15812179nm_004926.
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PSICOLIGOMAKER was also used to convert the selected 19mer sequences into
forward and reverse oligos (referred as the RNAI oligos) to be used for clorang int
pSicoR, see Table 3.3 below. Based upon the conversion by PSICOLIGOMAKER, the

forward and reverse oligos were designed with the following format:

Forward oligo

Reverse oligo

19mer sequence

5-GTAACAAGATG
CTCAACTA-3

(Common in both mouse
and human zfp3611 cDNA,
region ORF)

5-GCAACTTAGTGC
CTTGTAA-3’

(Common in both mouse
and human zfp36/1 cDNA,
region 3'UTR)

5-GAACAACCTTGG
TATGTTA-3

(Mouse zfp3611 cDNA,
region 3'UTR)
5'-GAACTCAAGAC
CGATATTA-3’

(Scramble Control)

5-TN19)TTCAAGAGA(LON)TTTTTTC-3’
5-TCGAGAAAAAAN19)TCTCTTGAA(19N)A-3’

Table 3-3| The RNAi oligos

Forward oligo
zfp3611.RNAI.1.F

5-TGTAACAAGATGCT

CAACTA TTCAAGAGAT
AGTTGAGCATCTTGTT

ACTTTTTTC-3

zfp3611.RNAI.2.F

5-TGCAACTTAGTGCC
TTGTAA TTCAAGAGAT
TACAAGGCACTAAGTT
GCTTTTTTC-3'

zfp36/1.RNAI.3.F

5-TGAACAACCTTGGTA
TGTTA TTCAAGAGATAA
CATACCAAGGTTGTTC T
TTTTTC-3

scramble.RNAI.F

5-TGAACTCAAGACCGAT
ATTATTCAAGAGATAATA
TCGGTCTTGAGTTC TTTT
TTC-3’

Reverse oligo
zfp3611.RNAI.1.R

5-TCGAGAAAAAA GTA
ACAAGATGCTCAACTA
TCTCTTGAATAGTTGAG
CATCTTGTTAC A-3

zfp36I1.RNAI.2.R

5'-TCGAGAAAAAA GCAAC
TTAGTGCCTTGTAA TCT
CTTGAATTACAAGGCACT
AAGTTGC A-3’

zfp3611.RNAI.3.R

5-TCGAGAAAAAA GAACA
ACCTTGGTATGTTA TCTC
TTGAATAACATACCAAG
GTTGTTC A-3’

scramble.RNAI.R

5'-TCGAGAAAAAA GAACT
CAAGACCGATATTA TCTC
TTGAATAATATCGGTCTT
GAGTT CA-3

By default the forward and reverse oligos were designed so that when annealed they
would generate a DNA molecule ready to be cloned into pSicoR. Figure 3.3 is an
illustration demonstrating the annealing of zfp3611.RNAI.1.F oligo with
zfp36l1.RNAI.1.R oligo. The resulting annealed RNAI oligo (zfp36/1.RNAi.1) has one
blunt end compatible witkipal restriction enzyme site, the other sticky end

compatible withXhd restriction enzyme site.
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zfp36I1.RNAI.1
zfp36I1.RNAI.1.F oligo

55bp
5 TGT AAC AAG ATG CTC AAC TAT TCA AGA GATAGT TGA GCATCT TGT TAC TIT TTT C 3

Lot et e e etre et reer trr fer rrr e rer el
3 ACATTG TTC TAC GAG TTG ATAAGT TCT CTATCA ACT CGT AGAACA ATG AAAAAAG AGCT 5

59bp
zfp36I1.RNAI.1.R oligo 1
4 bp overhang

Figure 3-3| An illustration showing the annealed RNAI oligo (zfp36I11.RNAi.1)

3.2.2 Analysis of the restriction enzyme digestion of pSicoR

In order to be prepared for cloning, pSicoR was required to be digested with the
restriction enzymesblpal andXhd. Before that, the efficiency of digestion of pSicoR
with the individual restriction enzymes was analysed. For this analydislitheing
digestions were set up; pSicoR with no enzyme (control), pSicoRHp#h and

pSicoR withXhd. After digestion, the reaction mixture along with marker DNA was
loaded on an agarose gel and gel electrophoresis was performed, see Figure 3.4.
Materials and Methods section 2.2.7 provide details on the set up of the restriction

enzyme digestion reaction.

General information, selected features and unique restriction sites foRp&ie
provided in Appendix B.1. As shown in Table B.1.2, pSicoR g Kb) has a single
recognition sequence site fdpal (5-GTTAAC-3’) at positions 2944 bp and
digestion with the restriction enzyme linearises the plasmidHpakdigested pSicoR
was observed as a linear band=@f5 kb on the agarose gel, see Figure 3.4 Lane 3.
Similarly, pSicoR has a single recognition sequence sitéHdr(5° CTCGAG 3’) at
positions 2959 bp. Th¥hd digested pSicoR was also observed as a linear band of
~7.5 Kb on the agarose gel, see Figure 3.4 Lane 4.
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paicolR

— Hpal  Xhol

Figure 3-4| Analysis of the restriction enzyme digestion of pSicoRRlasmid DNA

(250 ng) was digested with the restriction enzyme (10 units) and the reactioremixtur
was run on a 0.7% agarose gel. Lanel: 1Kb DNA ladder, Lane 2: pSicoR with no
restriction enzyme, Lane 3: pSicoR witipal and Lane 4: pSicoR witkhd.

The efficiency of the digestion of pSicoR with eitliggal or Xhd was analysed by
observing the amount of plasmid DNA linearised with each restriction enaydhe
comparing with the undigested plasmid DNA (control). A high proportion of pSicoR
was linearised (a band of7.5 Kb) when digested witHpal, see Figure 3.4 Lane 3.
Similarly, a high proportion of pSicoR was linearised (band70b Kb) when digested
with Xhd, however, approximately 5% was observed to be undigested (the higher
molecular weight band), see Figure 3.4 Lan&his result indicated that the efficiency
of digestion of pSicoR with thidpal was higher than that witkhd. The analysis of

the efficiency of digestion of pSicoR with the individual restriction enzymesstakaen

in to consideration when devising a strategy for preparing the plasmid for cloning
3.2.3 Strategy for the preparation of pSicoR for cloning

In order to be prepared for cloning, pSicoR was required to be digested witHdabth
andXhd. The digestion of pSicoR witHpal andXhd in the same reaction (double
digestion) was not possible as the optimal restriction enzyme buffdipébandXhd

were different. The optimal restriction enzyme bufferHipal was Buffer J (50 mM
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KCL, 10 mM Tris-HCI, pH 7.5, 7 mM MgGland 1 mM DTT) and foKhd was
Buffer D (150 mM NaCL, 6 mM Tris-HCL, pH 7.9, 6 mM MgCGind 1 mM DTT). In
this case a sequential restriction enzyme digestion reaction is nopedilymed.
First, a digestion is set up with the restriction enzyme requiring the loWer sa
concentration. After completion of digestion with the first restriction erzyhe salt
concentration in the reaction is changed to that optimal for the second restriction
enzyme. Next, the second restriction enzyme is added to the reaction. For pSicoR,
sequential digestion witHpa andXhd could not be performed. The optimal
conditions for each restriction enzyme could not be achieved by altering the
concentration of the salt in the reaction. Buffer J and D were not only different in
concentration for a particular salt, but the salt itself present in each Wwalatifferent
(KCl in Buffer J and NaCl in buffer D).

To overcome this problem, the strategy used to prepare pSicoR for cloning involved,
first digesting pSicoR witiXhd, after completion of the digestion, the reaction

mixture was loaded on an agarose gel and gel electrophoresis was performed. As
observed in Figure 3.4 Lane 4, pSicoR was not completely digesteX dtland
approximately 5% plasmid DNA was left undigested. When the reaction mixture was
run on an agarose gel, the linear ban¥ludl digested pSicoR={.5 Kb) was

separated away from the band of undigested pSicoR (the higher molecular weight
band). The band ofhd digested pSicoR was then recovered from the gel and purified
by phenol extraction and ethanol precipitation. Next, another restriction enzyme
digestion reaction was set up in which the puriféal digested pSicoR was further
digested with théipal.

In initial experiments, the technique DNA electroelution in dialysis bagNk&erials

and Methods section 2.2.12.2 for details on the technique) was used for recovering the
linear band oXhd digested pSicoR from the agarose gel. The efficiency of recovering
DNA from the gel using this technique was not very high and approximately 50% of
the starting amount of DNA was lost during the recovery stage. The recovgrfed D

from the gel was often contaminated with gel debris and salts and was fosthiar |
purification by phenol extraction and ethanol precipitation (see Materials atitbtis
section 2.2.13 for details on the technique). As a result, the preparation of pSicoR for

cloning had to begin with high amounts of DNA (3 to 4ug), while only 50 to 100ng of
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Xhd-Hpal digested pSicoR was required for ligation with the annealed RNAi oligos.
In later experiments, the efficiency of recovery and the purity of linésk D<Xhad
digested pSicoR) recovered from the gel improved tremendously using thénRUreL
Quick gel extraction kit (see Materials and Methods section 2.2.12.1 for details).

After recovering and purifyingthd digested pSicoR from the agarose gel, its quality
was assessed by performing a ligation analysis. The lineafis@digested pSicoR
with complementary cohesive ends was expected to re-ligate with DNA.ligasthe
ligation analysis, the following two reactions were set uX(tey digested pSicoR

only (control) and (bXhd digested pSicoR with DNA ligase. After incubation at
room temperature for 3 hours, the reaction mixture along with the marker DNA was

loaded on an agarose gel and gel electrophoresis was performed, see Figure 3.5.

Ahol digested pSicoR

- Ligase + Ligase
1 2 3 4 5

| —
—
——8
——
—
e
—

Figure 3-5| Analysing the re-ligation of Xhol digested pSicoRPlasmid DNA (100

ng) was ligated with DNA ligase (3 units) and the reaction mixture was run on a 0.7%
agarose gel. Lanel: 1Kb DNA ladder, Lane 2: Not used, LaXb®digested pSicoR
only, Lane 4: Not used and LaneXhd digested pSicoR with DNA ligase.

The extent of re-ligation was analysed by observing the re-circulansatiheXhad
digested pSicoR (bands of higher molecular weight), see Figure 3.5 Lane 5, and
comparing with the linear band4.5 Kb) ofXhd digested pSicoR, see Figure 3.5
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Lane 3. The result indicated that most of Xiel digested pSicoR had re-ligated with
DNA ligase.

3.2.4 Ligation of the annealed RNAI oligos with pSicoR and the identification of
recombinant pSicoR constructs

The Xhd-Hpal digested pSicoR was prepared for cloning using the strategy mentioned
in section 3.2.3. For cloning, 50-100ngXdid-Hpal digested pSicoR was ligated with
the annealed RNAI oligos. Details on the set up of the oligo annealing reaction and
DNA ligation reaction are provided in Materials and Methods section 2.2.8 and 2.2.9
respectively. After incubation at room temperature for 3 hours, the ligaticoreac

was used to transform XL1-Blue competent cells with high transformaticreatfy
(>1x10 cfu/pg). The transformed colonies were selected by growing on LB agar
ampicillin plates overnight with incubation at°87 There were controls for both, the
ligation reaction and the transformation (no DN¢hd-Hpal digested pSicoR only

and pSicoR only). Several isolated colonies on the plate were grown up overnight (at
37°C) in ampicillin containing LB media and the plasmid DNA was purified the
following day. See Materials and Methods sections 2.2.3, 2.2.4 and 2.2.6.1 for details
on the transformation of competdntoli cells, amplification of transformel.coli

cells and purification of plasmid DNA using Wiz&Rlus SV Minipreps purification
system respectively.

The strategy for the identification and selection of recombinant pSicoR wttsstr

(referred as the RNAI constructs) was as follows; a recombinant pSocts® uct

when digested with the restriction enzyn¥dsl andXba would release a fragment
approximately 50bp larger than the fragment released by the non-recombinant pSicoR
construct (400 bp versus 350 bp). This shift in size would be detected on a 2% agarose
gel. Table 3.4 lists the recombinant pSicoR constructs (RNAI constructs) and the

respective annealed RNAI oligos they were ligated with for cloning.
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Table 3-4]| List of recombinant pSicoR constructs (RNAi construct)
RNAI constructs Annealed RNAI oligos RNAI oligos
zfp3611.RNAI.1.F:

pSicoR.zfp3611.RNAI.1 zfp3611.RNAi.1 zfp3611.RNAI.1.R
pSicoR.zfp36I1.RNA.2 zfp3611.RNAI.2 i;ggg:iﬁmgé:g
pSicoR.zfp3611.RNAI.3 zfp3611.RNAI.3 ;Iggg:i;ﬁmijiﬁ
pSicoR.scramble.RNAI scramble.RNAI :EIZQE:ZSEQ:E

Plasmid DNA was purified from several isolated colonies on the plate. Aftestidige

the plasmid DNA with the restriction enzymes, the reaction mixture was run on a 2%
agarose gel. Figures 3.6, 3.7, 3.8 and 3.9 show the identification of RNAIi constructs
(pSicoR.zfp3611.RNAI.1, pSicoR.zfp3611.RNAI.2, pSicoR.zfp3611.RNAI.3 and
pSicoR.scramble.RNAI) respectively.

Figure 3.6 shows the identification of RNAI construct (pSicoR.zfp36I1.RNAI.1) on the
agarose gel. Lane 2 shows that pSicoR when digesteXiittand Xba released a
fragment 350 bp in size, while Lanes 3, 4, 6, 7, and 8 show that
pSicoR.zfp36/1.RNAI.1 when digested witnd andXbd released a fragment 400 bp

in size. Lane 5 does not show any reledssginent and this was attributed to the poor

efficiency of the restriction enzyme digestion.
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pSicoR PSicoR. xplal RMNAI

1 2 3 4 5 6 7 8

400 bp

350 bp

Figure 3-6| Identification of RNAI construct (pSicoR.zfp3611.RNAi.1) Plasmid

DNA (250 ng) was digested with the restriction enzyme (10 units) and thereact
mixture was run on a 2% agarose gel. Lanel: 1Kb DNA ladder, Lane 2: pSicoR with
Xhad andXba, Lane 3 to Lane 8: pSicoR.zfp36/1.RNAi.1 wkhd andXbal.

Figure 3.7 shows the identification of RNAi construct (pSicoR.zfp3611.RNAI.2) on the
agarose gel. Lanes 3 and Lane 4 show that pSicoR when digestedhaigimdXba
released a fragment 350 bp in size, while Lanes 5, 6, 7, 8, 9, 10 and 11 show
pSicoR.zfp36/1.RNAI.2 when digested witnd andXbd released a fragment 400 bp

in size.

pSicoR pSico. zfp3611 . RMNAI2
1 2 3 4 5 6 7 8 9 10 1

PR T T
il

400 bp —— =

Figure 3-7| Identification of RNAI construct (pSicoR.zfp3611.RNAI.2).Plasmid
DNA (250 ng) was digested with the restriction enzyme (10 units) and theneact
mixture was run on a 2% agarose gel. Lanel: 1Kb DNA ladder, Lane 2: Not used,
Lane 3 to Lane 4: pSicoR witkhd andXbd, Lanes 5 to Lane 11:
pSicoR.zfp3611.RNAI.2 withKhd andXbdl.
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Figure 3.8 shows the identification RNAI construct(pSicoR.zfp36I1.RNAi.3) on the
agarose gel. Lane 3 shows that pSicoR when digesteKinittandXba released a
fragment 350 bp in size, while Lanes 5, 6, 8, 9 and 11 shows pSicoR.zfp36I1.RNAI.3
when digested witikhd andXbd released a fragment 400 bp in size. Lane 7 is
indicative of a plasmid other than pSicoR or pSicoR.zfp36I1.RNAi.3. Lane 10 does not
show any released fragment and this was attributed to the poor efficiency of the

restriction enzyme digestion reaction.

pSicoR pSicoR.zip3611.RNAILI

1 2 3 4 5 €& T 8 9 10 n

400 bp

Figure 3-8| Identification of RNAI construct (pSicoR.zfp3611.RNAI.3).Plasmid

DNA (250 ng) was digested with the restriction enzyme (10 units) and theneact
mixture was run on a 2% agarose gel. Lanel: 1Kb DNA ladder, Lanes 2: Not used,
Lane 3: pSicoR wittXhd andXbd, Lane 4: Not used, Lane 5 to Lane 11:
pSicoR.zfp3611.RNAI.3 withkKhd andXbdl.

Figure 3.9 shows the identification RNAI construct(pSicoR.scramble.RNAI) on the
agarose gel. Lane 3 shows that pSicoR when digesteKinittand Xbd released a
fragment 350 bp in size while Lane 4 shows pSicoR.scramble.RNAi when digested

with Xhd andXbad released a fragment 400 bp in size.
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war
ﬁﬁ““#
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i (]
2 SBF
1 2 3 4
400 bp
350 bp

Figure 3-9| Identification of RNAI construct (pSicoR.scramble.RNAI). Plasmid

DNA (250 ng) was digested with the restriction enzyme (10 units) and thereact
mixture was run on a 2% agarose gel Lanel: 1Kb DNA ladder, Lane 2: Not used, Lane
3: pSicoR withxhd andXbd and Lane 4 reaction pSicoR.scramble.RNAi witiol

andXbal.

3.2.5 Verification of RNAI constructs by DNA sequencing

The RNAI constructs were verified by DNA sequencing, to confirm that theatorr

DNA sequence was cloned into the plasmid. See Materials and Methods section 2.2.10
for details on the DNA sequencing. For DNA sequencing, the pSicoR sequencing
primer was used (5-TGCAGGGGAAAGAATAGTAGAC-3), a forward primthat

maps immediately upstream to the U6 promoter. Figure 3.10 is an illustration showing
the DNA sequence of pSicoR and RNAI construct (pSicoR.zfp36I1.RNAI.1).
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5-AGCTACATTTTACATGATAGGCTTGGATTTCTATAACTTCGTATAGCATACAT
ATACGAAGTTATAAACAGCACAAAAGGAAACTCACCCTAACTGTAAAGTAA TTG
TGTGTTTTGAGACTATAAATATCCCTTGGAGAAAAGCCTTGITAAAC GCGCGGTG
ACCCATCGAG TACTAGGATCCATTAGGCGGCCGCGTGGATAACCGTATTACCGC
CATGCATTAGTTATTAATAGTAATCAATTACAGGGTCATTAGTTCATAGCCCATA
TATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGE

A (pSicoR)

5-AGCTACATTTTACATGATAGGCTTGGATTTCTATAACTTCGTATAGCATACATT
ATACGAAGTTATAAACAGCACAAAAGGAAACTCACCCTAACTGTAAAGTAA TTG
TGTGTTTTGAGACTATAAATATCCCTTGGAGAAAAGCCTTGTTATGTAACAAGAT
GCTCAACTATTCAAGAGATAGTTGAGCATCTTGTTACTTTTTTCATCGAG TAC
TAGGATCCATTAGGCGGCCGCGTGGATAACCGTATTACCGCCATGCATTATGTAT
TAATAGTAATCAATTACAGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCG
TTACATAACTTACGGTAAATGGCCCGCCTGGC3’

B (pSicoR.zfp3611.RNAI.1)

Figure 3-10| An illustration showing the DNA sequence of pSicoR and
pSicoR.zfp36/1.RNAIi.1.A: DNA sequence of pSicoR from 2791bp to 3108bp (5’-3’).
B: DNA sequence of pSicoR.zfp36I11.RNAI.1 from 2791bp to 3149bp (5’-3’). The
recognition sequence site ldpal andXhd are highlighted in green and blue
respectively. The sequence of the cloned DNA molecule or annealed RNAI Oligo
(zfp36I1.RNAI.1) is highlighted in yellow.

The RNAI constructs (pSicoR.zfp36I1.RNAI.1, pSicoR.zfp36I1.RNAI.2,
pSicoR.zfp36/1.RNAI.3 and pSicoR.scramble.RNAI) were cloned with annealed RNAI
Oligos (zfp36I1.RNAI.1, zfp36I1.RNAI.2, zfp36I1.RNAIi.3 and scramble.RNAI)
respectively. Each RNAI construct was confirmed by DNA sequencing tiotedc

with the correct DNA sequence, see Figure 3.11. The DNA sequencing data for

pSicoR.scramble.RNAI is not shown.
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zfp3611.RNAI.1
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C (pSicoR.zfp3611.RNAI.3)

Figure 3-11| DNA sequence of RNAI constructsThe figure shows thBNA

sequencing data of the RNAI constructs with the pSicoR sequencing primer AA: RN
construct (pSicoR.zfp36/1.RNAI.1), B: RNAI construct (pSicoR.zfp36I1.RNAI.2) and

C: RNAI construct (pSicoR.zfp3611.RNAI.3). The data was analysed by using the
programme sequence scanner version 1.5 (ABI system). Each base is represgnted by
single colour peak. Red peak represents thymine, green peak represents adenine, blue

represents cytosine and black represents guanine.
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3.3 Discussion

In this project, the programme PSICOLIGOMAKER (version 1.5) was used to identify
DNA sequences which when cloned into pSicoR would transcribe shRNAs targeting
the zfp3611 MRNA. The selected DNA sequences (referred as the 19mer sequences)
are shown in Table 3.1 and 3.2. PSICOLIGOMAKER enables identifying and
designing optimal shRNAs, based on a set of criteria published by Angela Regtnholds
al. (2004). The criteria are listed in Appendix A, Table A.1. Although the algorithms
used by programmes like PSICOLIGOMAKER and others are developed totgenera
effective siRNAs/shRNAs based on experimental data, one of the limitaditimet i

they can not be used to eliminate the off-target potential of the SIRNAs/sh&NAs
other words they are poor indicators of the ability of the sSIRNAs/shRNAs todind t
non-specific targets (Cullen 2006;Pei & Tuschl 2006). Similarly, complementary
search algorithms such as BLASTn and Smith-Waterman can not be used to eliminate
the off-target potential of the sSIRNAs/shRNAs (Cullen 2006). The factorsatrith
confirming the specificity of RNAI experiments (the phenotype rescperawrents)

and the inclusion of suitable controls for validating the results of the RNAI

experimenst are discussed in more detail in the following result chapter.

PSICOLIGOMAKER was also used to convert the 19mer sequences in to forward and
reverse oligos (referred as the RNAI oligos) to be used for cloning into pSe®R, s
Table 3.3. In order to be prepared for cloning, pSicoR was required to be digested with
the restriction enzymdgpal andXhd. The efficiency of digestion of pSicoR with

Hpal was greater than that wiXhol (see Figure 3.4) and this was taken into
consideration when devising a strategy for the preparing the plasmid for cloabig. T

3.4 lists the recombinant pSicoR (referred as the RNAI constructs) and thetivespe
annealed RNAI oligos they were ligated with. The RNAI constructs when édjest

with the restriction enzymeshol and Xbal released a fragment ~50bp larger than the
fragment released by the non-recombinant pSicoR, 400bp and 350bp respectively (see
Figure 3.6 to 3.9).

One of the factors important in confirming the specificity of the RNAI erpemi

(along with the phenotype rescue experiments) is to observe the same pheifetype e
with two or more independent shRNAs targeting different regions of the mRNA
(Cullen 2006). For this reason multiple RNAI constructs
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(pSicoR.zfp3611.RNAI.1/2/3 and pSicoR.scramble.RNAI) were cloned. Each RNAI
construct was confirmed by DNA sequencing to be cloned with the correct DNA
sequence (see Figure 3.11). Once the RNAI constructs were verified to tesulyce
cloned with the correct DNA sequence, the next aim was to investigate theicosns
effectiveness in downregulating the ZFP36L1 expression. Another aim was tatgene
the lentivirus (referred as the RNAI virus) and also investigate its isfeeiss in
downregulating ZFP36L1 expression. The following chapter details these

investigations.

78



Chapter 4 — Analysing the effectiveness of the Rbl#istructs/viruses in downregulating ZFP36L1 esgian

Chapter 4

Analysing the effectiveness of the RNAI
constructs/viruses in downregulating ZFP36L1

expression
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4.1 Introduction

Jackson et al in 2003 were one of the first groups to demonstrate that SiRNAs can
target non-specific or off-target mMRNAs with only partial sequence coneplimity

and as a consequence result in non-specific or off-target silencing (Jackison et a
2003). They transfected Hela cells with several siRNA constructs teggktierent
MRNAs and used micro-array profiling to analyse the downregulated mRNAer(ei
specific or non-specific/off-target). It was observed that the 3' UTRnegli some of
the non-specific/off-target MRNAs showed perfect sequence complermeniéria
particular region in the 5’ end of the siRNA guide strand. They called this regioa in
5" end of the siRNA guide strand as the ‘seed regibwas called so as the seed
region in the 5’ end of a microRNA interacts in a similar fashion with the 3' UTR
region of its target MRNA (Jackson et al. 2003). The results in their follow up study
(using the same experimental design) showed that base mismatches watthin ‘se
region’ (position 2-7) on the siRNA guide strand targeting a particular mRNAceel
the number of non-specific/off-target mMRNAS, however a new set of non-spetific/of
target mMRNAs were generated having sequence complementarity tawthe ne

mismatched ‘seed region’ (Jackson et al. 2006).

Off-target silencing has been reported to effect the cell viabilityiradhtte a false
positive phenotypes (Fedorov et al. 2006). Another associated problem was reported in
a study where the results showed that siRNAs reduced protein levels weitteating
MRNA levels; suggesting that the non-specific/off-target sSiRNAdcsbiare common
mechanisms with miRNAs and could inhibit translation (Aleman et al. 2007).
Although shRNAs delivered via lentiviruses has been reported to result in less off-
target activity compared with transfected siRNAs, it is still prevad@d proves to be
a major obstacle in the accurate interpretation of results (Klinghofér 2010). An
important requirement for validating specificity in RNAI experiment®Ives
confirming the observed phenotype with atleast two or more independent
siRNAs/shRNAs constructs (targeting different regions) and restiungbserved
phenotype by ectopically expressing the target protein (Cullen 2006).
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4.2 Results

The aim of this part of the project was to analyze the effectiveness of the RNA
constructs in downregulating ZFP36L1 protein expression. Another aim was to
generate the lentivirus (referred as the RNAI viruses) and analyreffieetiveness in

downregulating ZFP36L1 protein expression.

4.2.1 The strategy for analyzing the effectiveness of the RNAIi constructs in
downregulating ZFP36L1 protein expression

The strategy commonly used by researchers to analyze the efiessvaf the RNAI
constructs in downregulating the expression of the target protein involves travgsfecti
293T cells (or any other easily transfectable cell line expressing higlyenous

levels of the target protein) with the RNAI constructs. The effectivendbhs &NAI
constructs in downregulating the expression of the target protein in the trashsfecte

cells is then analysed by western blotting.

Results from the preliminary experiments established that the endogen@& ZFP
expression into 293T cells was low/undetectable (data not shown). This was a major
limitation in the strategy for analyzing the effectiveness of the RIgAstructs in
downregulating ZFP36L1 expression in 293T cells. As the endogenous ZFP36L1
expression into 293T cells was low/undetectable, the cells were transfétteoh w
expression construct (ectopic ZFP36L1 expression). However, the expressionotonstr
used, pcDNA6/His.zfp3611 (see Appendix B.6 for details) was cloned with DNA
sequences corresponding to only the ORF region of the human zfp36l11 mRNA (not the
UTRSs). This strategy immediately rendered useless the analysis of tetbfee

RNAI constructs designed to transcribe shRNAs targeting the zfp36l11 mRNA.

Of the three RNAI constructs, only pSicoR.zfp36I1.RNAI.1 could be analysed in 293T
cells co-transfected with pcDNA6/His.zfp3611. The RNAI construct,
pSicoR.zfp36l1.RNAI.1 was designed to transcribe shRNAs targeting the €gioff r

of both the mouse and human zfp36l1 mRNA. The other two RNAI constructs were
designed to transcribe shRNAs targeting 3’ UTR region of both the mouse and human
zfp36l1 MRNA (pSicoR.zfp36I1.RNAI.2) and 3’ UTR region of the mouse zfp36I1
MRNA only (pSicoR.zfp3611.RNAI.3). Neither pSicoR.zfp3611.RNAI.2, nor
pSicoR.zfp36I1.RNAI.3 could be analysed in 293T cells co-transfected with
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pPcDNAG6/His.zfp36I1. Instead of using this strategy, it would have been far more
valuable to identify a murine cell line in which endogenous ZFP36L1 expression could

be readily detected by western blotting.

4.2.2 Analysing the effectiveness of the RNAI construct (pSicoR.zfp36/1.RNA)
in downregulating ZFP36L1 protein expression

The RNAI construct (pSicoR.zfp3611.RNAI.1) was co-transfected with the expmess
construct (pcDNAG6/His.zfp3611) into 293T cells and the efficiency in downregulation

of ZFP36L1 expression was analyses by western blotting. See Matadalsethods
sections 2.2.20 to 2.2.23 for details on the preparation of the whole cell protein lysates

and western blotting. The antibodies used in western blotting are listed in Table 2.6.

The 293T cells were ideal for the transfection experiments as they weneetela
straightforward to culture and were efficiently transfected with pielplasmids in

the same reaction. The cells were cultured in DMEM media supplemented with 10%
FBS, 50U/ml penicillin/streptomycin and 2mM L-Glutamine. Before seedingelis

the cell culture flasks were coated with 0.1% gelatine solution at room teorpdiat

15 minutes as it was observed that the cells adhered weakly to the surface skthe fla
Cells were generally sub-cultured when they reached 70-80% confluencyuire cul

and were maintained between a cell density of 3r1l0- 10x16/m.

High grade endotoxin free plasmid preparations were used for all the ttaorsfec
experiments in this project. See Materials and Methods section 2.2.6.2 for details on
purifying plasmid with the Endofree Maxi Kit (Qiagen). Transfections weheei
performed using the calcium phosphate method or using the transfection reagent
GeneJammérSee Materials and Methods sections 2.2.19.1 and 2.2.19.2 for details on
calcium phosphate method and the transfection reagent GeneJammer® regpéctivel
difficulty with the calcium phosphate method is that while it is a very effiamethod

of introducing plasmid DNA into many cell systems, it is ineffective in nahgrs.

Much higher transfection efficiency with minimal cytotoxity were agkd in 293T

cells using the GeneJammer® transfection reagent compared with the calcium

phosphate method (data not shown).

Typically, 4x10 exponentially growing 293T cells were seeded per well of a 6-well

cell culture plate a day before the transfection. At the time of tramsiette cells
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were around 60-70% confluent. The transfection mixture was prepared by aglding 3
of the transfection reagent GeneJanfhter97ul of serum free/antibiotic free media.

After incubation at room temperature for 5 minutesy filasmid DNA (high grade
endotoxin free) was added to the transfection mixture. The ratio of Genefammer
reagent to plasmid DNA was 3:1, i.ed &eneJammérreagent to lg DNA. After 45
minute incubation at room temperature, the transfection mixture was added drop wise
to the cells in the 6-well cell culture plate and transferred to the 37°GACabator.
According to the manufacturer’s recommendations, different diluted ratios of
GeneJammé&rreagent to plasmid DNA were tested, these being 3:2, 3:1 and 6:1.
Highest transfection efficiency in 293T cells was observed when the ratio of

GeneJammé&rreagent to plasmid DNA was 3:1 (data not shown).

Before co-transfecting 293T cells with multiple plasmids, the effayeof transfection

with pSicoR alone was analysed. The cells were transfected with pSicaBtiphef
GeneJammé&rreagent to plasmid DNA was 3:1) and after 48 hours the transfection
efficiency was assessed visually by observing the cells underckores microscope.
Around 80-90% of the cells were observed to be transfected (GFP positive), see Figure
4.1.

Bright Field Microscopy Fluorescence Field Microscopy

Figure 4-1| Analysing the GFP expression in 293T cells transfected with pSicoR.

A total of 4 x1@ 293T cells were seeded a day prior to transfection. After 24 hours, the
cells were transfected with plasmid DNA (1 pg) using the transfection reagent
GeneJammé&r Post transfection (48 hours) the cells were observed under the
fluorescence microscopy (with a magnification of x 110).
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The expression construct used, pcDNAG6/His.zfp36l (see Appendix B, B.6), was kindly
provided by Dr Christoph Moroni, University of Basel, Switzerland. To screehdor t
presence of the zfp3611 insert, pcDNA6/His.zfp3611 was digested with the restricti
enzymedBamH andXbal, see Figure 4.2. Figure 4.2 Lane 5 shows that
pcDNAG6/His.zfp36l1 € 6.2Kb) when digested with boBamH andXbd released &

1Kb fragment. This result confirmed the presence of the zfp36l1 insert. The plasmid

was further verified by DNA sequencing (data not shown).

poDMAEHis. #fpaGi

% o Eﬁ

_ 4 £ &
1 2 3 4 2

~ T T 6.2Kb

= {Kb

Figure 4-2| Analysing the restriction enzyme digestion of pcDNAG6/His.zfp3611
Plasmid DNA (250 ng) was digested with the restriction enzyme (10 units) and the
reaction mixture was run on a 0.7% agarose gel. Lanel:1Kb DNA ladder, Lane 2:
pcDNAG/His.zfp36I1 only, Lane 3: pcDNA6/HIis.zfp36l1 widamH, Lane 4:
pcDNAG6/His.zfp36l1 withXba and Lane 5: pcDNAG6/His.zfp36l1 witBamH and

Xbdl.

Before co-transfecting 293T cells with pSicoR.zfp3611.RNAI.1 and
pcDNAG6/His.zfp36I1, the cells were transfected with pcDNAG6/His.zfp36l1 alone and
the ZFP36L1 expression was analysed by western blotting, see Figure 4.8lI3he ¢
were either not transfected i.e. no DNA (Figure 4.3 Lane 1) or transfedted wi
pcDNAG6/His.zfp36l1 alone (Figure 4.3 Lane 2). ZFP36L1 was detected with the anti-
BRF1/2 antibody; see Appendix D for Cell Signaling BRF1/2 technical bulletin
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Anti-BRF1/2 antibody detects both ZFP36L1 and ZFP36L2. The 40-50 kDa bands
observed on the blot correspond to ZFP36L1. The multiple bands for ZFP36L1
observed on the blot were attributed to the different isoforms of the protein. A similar
banding pattern for ZFP36L1 has been reported in several publications, fglexam
(Baou et al. 2009b; Duan et al. 2009; Sinha et al. 2009). The 60 kDa band observed on
the blot correspond to ZFP36L2. Heat Shock Protein 90 (HSP-90, 90kDa) was used as
a protein quantification control. The level of ZFP36L1 expression observed in the non-
transfected cells was very low/undetectable (Figure 4.3 Lane 1). Comp#retdev
non-transfected cells, the level of ZFP36L1 expression observed in cellsdratsfe

with pcDNAG6/His.zfp36I1 alone was considerably higher (Figure 4.3 Lane 2).
Interestingly, endogenous ZFP36L2 expression was observed to be high in both the

non-transfected cells and the cells transfected with pcDNA6/His.zfp36I1 alone

<«—ZFP36L2 60 kDa

<«—ZFP36L1 40-50 kDa

HSP90 90 kDa—

Figure 4-3| Analysing the ZFP36L1 expression in 293T cells transfected with or
without pcDNAB/His.zfp3611. A total of 4 x10 293T cells were seeded a day prior to
transfection. After 24 hours, the cells were transfected with plasmid DNA) (Asjirg
the transfection reagent GeneJanim®@post transfection (48 hours), the cells were
lysed and the whole cell protein lysatesy@@rotein) were separated on a 10%
polyacrylamide gel and subjected to western blotting. ZFP36L1 and HSP-80 wer
detected with anti-BRF1/2 and anti-HSP-90 antibodies respectively. Lane 1: non
transfected cells (ho DNA) and Lane 2: cells transfected with pcDNAGAEB6I1

only.
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<«— ZFP36L2 60 kDa

<— ZFP36L1 40-50 kDa

HSP90 90 kDa—

Figure 4-4| Analysing the effectiveness of RNAI construct

(pSicoR.zfp3611.RNAI.1) in downregulating ZFP36L1 expressiorA total of 4 x1C0
293T cells were seeded a day prior to transfection. After 24 hours, the aells we
transfected with plasmid DNA (1 pg) using the transfection reagent Gemefa

Post transfection (48 hours), the cells were lysed and the whole cell proteeslys
(30ug protein) were separated on a 10% polyacrylamide gel and subjected to western
blotting. ZFP36L1 and HSP-90 were detected with anti-BRF1/2 and anti-HSP-90
antibodies respectively. Lane 1: cells transfected with pcDNA6/His.Zig36lg or

1000 ng) only, Lane 2: cells co-transfected with pSicoR (111.2 ng) and
pcDNAG6/His.zfp3611 (888.8 ng), Lane 3: cells co-transfected with
pSicoR.zfp36/1.RNAI.1 (111.2 ng) and pcDNAG6/His.zfp36I1 (888.8 ng) and Lane 4:
cells co-transfected with pSicoR.p53.RNAI (111.2 ng) and pcDNA6/His.zfp3611
(888.8 nQ).

Results from preliminary experiments indicated that to test the effeetigeof
pSicoR.zfp36/1.RNAI.1 in downregulating the ZFP36L1 expression, a ratio of 1:8
(pSicoR.zfp3611.RNAI.1 to pcDNA6/His.zfp3611) was the most appropriate (data not
shown). Figure 4.4 shows that there was no difference in level of ZFP36L1 expression
in cells transfected with pcDNAG6/His.zfp3611 alone (Figure 4.4 Lane 1), ina®lls
transfected with pSicoR and pcDNAG6/His.zfp3611 (Figure 4.4 Lane 2) and in cells co-
transfected with pSicoR.p53.RNAi and pcDNAG6/His.zfp36I1 (Figure 4.4 Lane 4). This
result showed that the control constructs pSicoR and pSicoR.p53.RNAI did not
downregulate the ZFP36L1 expression. However, the level of ZFP36L1 in cells co
transfected with pSicoR.zfp36/1.RNAIi.1 and pcDNAG6/His.zfp36I1 (Figure 4.4 Lane 3)
was lower compared with the level of ZFP36L1 expression in cells traedfedh
pcDNAG6/His.zfp36l1 alone (Figure 4.4 Lane 1), in cells co-transfected with pSicoR
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and pcDNAG6/His.zfp3611 (Figure 4.4 Lane 2) and in cells co-transfected with
pSicoR.p53.RNAi and pcDNAG6/His.zfp36I1 (Figure 4.4 Lane 4). This result showed
that unlike the control constructs pSicoR and pSicoR.p53.RNAI,
pSicoR.zfp36/1.RNAI.1 did downregulate ZFP36L1 expression.

4.2.3 Analysing the effectiveness of the RNAI virus (pSicoR.zfp36l1.RNAI.1
virus) in downregulating ZFP36L1 protein expression

After analysing the effectiveness of the RNAI construct (pSicoR.zfp36ALRNIN
downregulating ZFP36L1 expression, next aim was to generate the RNAI virus
(pSicoR.zfp3611.RNAI.1 virus) and analyze its effectiveness in downregulating
ZFP36L1 expression. Typically, 4x18xponentially growing 293T cells were seeded
per well of a 6-well cell culture plate a day before the transfectiont 24téours, the
cells were transfected with the expression construct pcDNA6/His.zfp3611 hsing t
transfection reagent GeneJamfhdrost transfection (24 hours) the cells were
transduced with the non-concentrated supernatant (>*kUW@l) of the RNAi virus.
Finally 48 hours post transduction, the cells were lysed and the whole cell protein
lysates were subjected to western blotting.

Details on the production of the viral supernatant are provided in Materials and
Methods section 2.2.28. Briefly, 293T cells were co-transfected with the lahtivir
plasmid and the packaging plasmids (pMD2.G, pMDLg/pRRE and pRSV-Rev) and the
resulting lentiviral supernatant was collected at 48 hours and 72 hours post-
transfection. The pooled lentiviral supernatant was filtered to removeet®ls and

used directly to transduce the cells. General information, selected featdrasique
restriction sites for pPRSV-Rev, pMDLg/pRRE and pMD2.G are provided in Appendix
B.3, B.4 and B.5 respectively.

Before used in generating the virus, each plasmid was checked by resémzyone
digestion, see Figure 4.5. Plasmid pMD2.G, pMDLg/pRRE and pRSV-Rev have a
single recognition sequence site for the restriction enzyhedlll (at position 835

bp), Sadl (at position 6155 bp) ardhd (at position 634 bp) respectively. THendlll
digested pMD2.G was observed as a linear bard>o8 Kb on the agarose gel (Figure
4.5 Lane 4). Th&adl digested pMDLg/pRRE andhd digested pRSV-Rev were
observed as a linear band~08.8 Kb (Figure 4.5 Lane 6) ard4.1 Kb (Figure 4.5
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Lane 8) respectively on the agarose gel.

pMD2.G  pMDLg/pRRE  pRSV-Rev

S
E
+
4

&+ Sacll

@ 4+ ¥hal

= 4.1Kb

Figure 4-5| Analysing the restriction enzyme digestion of pMD2.G,

pMDLg/pRRE and pRSV-Rev.Plasmid DNA (250 ng) was digested with the
rectriction enzyme (10 units) and the reaction mixture was run on a 0.7% agarose gel
Lane 1: 1Kb DNA ladder, Lane 2: not used, Lane 3: pMD2.G only, Lane 4. pMD2.G
with Hindlll, Lane 5: pMDLg/pRRE only, Lane 6: pMDLg/pRRE wiadl, Lane 7:
pRSV-Rev only and Lane 8: pRSV-Rev wkhd.

Figure 4.6 shows that there was no difference in the level of ZFP36L1 expression i
cells transfected with pcDNA6/His.zfp3611 alone (Figure 4.6 Lane 2), in cells
transfected with pcDNAG6/His.zfp3611 and transduced with pSicoR virus (Figure 4.6
Lane 3) and in cells transfected with pcDNA6/His.zfp36l1 and transduced with
pSicoR.p53.RNAI virus (Figure 4.6 Lane 5). This result showed that the control
pSicoR virus and pSicoR.p53.RNAI virus did not downregulate the ZFP36L1
expression. However, the level of ZFP36L1 expression in cells transfecked wit
pcDNAG6/His.zfp36l1 and transduced with pSicoR.zfp36I1.RNAi.1 virus (Figure 4.6
Lane 4) was lower compared with the level of ZFP36L1 expression in egltddcted
with pcDNAG6/His.zfp36I1 alone (Figure 4.6 Lane 2), in cells transfected with
pcDNAG6/His.zfp36l1 and transduced with pSicoR virus (Figure 4.6 Lane 3) and in
cells transfected with pcDNAG6/His.zfp3611 and transduced with pSicoR.p53.RNAI

virus (Figure 4.6 Lane 5). This result showed that unlike the control pSicoR virus and
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pSicoR.p53.RNAI virus, pSicoR.zfp3611.RNAI.1 virus did downregulate ZFP36L1

expression.

pcDNAG6/His.zfp3611
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Figure 4-6| Analysing the effectiveness of the RNAI virus

(pSicoR.zfp36I1.RNAI.1) in downregulating ZFP36L1 expressiorA total of 4 x1&°
293T cells were seeded a day prior to transfection. After 24 hours, the aells we
transfected with plasmid DNA (1 pg) using the transfection reagent Gemefa

Post transfection (24 hours), the cells were transduced with the non-concentrated
supernatant (> 1x £a0ru/ul) of the RNAI virus. Post transduction (48 hours), the cells
were lysed and the whole cell protein lysatesuf3protein) were separated on a 10%
polyacrylamide gel and subjected to western blotting. ZFP36L1 and HSP-80 wer
detected with anti-BRF1 and anti-HSP-90 antibodies respectively. Lane 1: non
transfected cells (no DNA), Lane 2: cells transfected with pcDNAGAGRGEL only,

Lane 3: cells transfected with pcDNAG6/His.zfp36l1 and transduced with pSicoR virus
Lane 4: cells transfected with pcDNAG6/His.zfp36l1 and transduced with
pSicoR.zfp3611.RNAI.1 virus and Lane 5: cells transfected with pcDNAG6/His.zfp36I1
and transduced with pSicoR.p53.RNAi.virus.

4.3 Discussion

The aim of this part of the project was to analyze the effectiveness of the RNA
constructs/viruses in downregulating ZFP36L1 expression; however due to major
limitations in the strategy used this aim could not be fully met. The selectaatlof

used in the strategy was poor as the endogenous ZFP36L1 expression in 293T cells
was low/undetectable. It would have been far more valuable to identify a murine cell
line in which high endogenous ZFP36L1 expression could be readily detected. The use

of such a cell line would have enabled to analyze the effectiveness of all the three
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RNAI constructs/viruses (RNA.1, RNAi.2 and RNAI.3) in downregulating ZFP36L1
expression in a controlled experiment (with empty and scramble RNAI). Asomexht
earlier, an important requirement for validating specificity of RN&ieziments is to
observe the same phenotype effect with two or more independent RNAI
constructs/viruses (each targeting different regions) (Cullen 2006). Foeasisn it
was essential to include all three RNAI contructs/viruses (RNAI.1, RNAD2 a

RNAI.3) and analyse them collectively in the experiment.

The use of a murine cell line with high endogenous ZFP36L1 expression would have
allowed performing a phenotype rescue experiment (the most important control to
validate the specificity of RNAi experiment) (Cullen 2006). By transfechiegcells

with an expression construct (ectopic expression) the observed phenotype due to the
action of RNAI constructs/viruses could then be returned to its wild type state. All

all the strategy used involving 293T cells had major limitations as it rendededsuse

the analysis of two of the three RNAI constructs/viruses and it did not allow torperfor
a phenotype rescue experiement. Without a phenotype rescue experiment the

specificity of the RNAI experiments cannot be validated.
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Chapter 5

Investigating the role of ZFP36L1 in late B-cell

development
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5.1 Introduction

Recent studies have reported a role of ZFP36L1 in negatively regulating
differentiation, namely Wegmuller et al. 2007 and Vignudelli et al. 2010.
Downregulation of ZFP36L1 expression (via vectors expressing ShRNAS) imemur
embryonic stem cell line CCE-ES lead to an enhancement in cardiomyogenesis
(Wegmuller et al. 2007). It was proposed that ZFP36L1 suppresses the differentia
of stem cells and maintains them in an undifferentiated state. ZFP36L1 hadesiso be
reported to negatively regulate erythroid differentiation of stem cellsrbgthi
targeting the statbb mRNA (Vignudelli et al. 2010). Murphy & Norton in 1990
originally cloned the zfp36I1 gene from chronic lymphocytic leukaemia (Cel3
induced to undergo plasmacytic differentiatiosvitro by PMA. In this part of the
project, the potential role of ZFP36L1 in regulating late B-cell developrrent (
particular plasma-cell differentiation) was investigated. This would adtlress
question whether post-transcriptional forms of regulation play a role in controlling

plasma-cell differentiation.

The role of ZFP36L1 in plasma-cell differentiation was investigated usengmturine
B-cell lymphoma 1 (BCL-1) cell line. BCL-1 cells provides a model system for
studying plasma-cell differentiation (Sciammas & Davis 2004). When sttedilvith
interleukin 2 (IL-2) and interleukin 5 (IL-5), BCL-1 cells differentiate intoearly
plasma-cell-like state. Phenotypic characteristics commonlyiagsdevith an early
plasma-cell-like state include the following; (A) decrease in celpraliferation, (B)
increase in cell size granularity and (C) induction of IgM production, syndecan-1
(CD138) expression, J-chain mRNA expression and blimpl mRNA expression
(Blackman et al. 1986;lwakoshi et al. 2003;Lin et al. 2000;Lin et al. 2002;Lin et al.
1997;Matsui et al. 1989;Messika et al. 1998;Ochiai et al. 2006;Reimold et al.
2001;Reljic et al. 2000;Sciammas & Davis 2004;Shaffer et al. 2002;Turner, Jr. et al.
1994).

It has been reported that BCL-1 cells become quiescent (cessation of ieg|bégr

IL-2 and IL-5 stimulation (percentage of cells in S phase dropped from 44% to 15%)
(Lin et al. 2000). This observation was consistent with another study reporting that
BCL-1 cells undergo cell cycle arrest at the G2/M phase during plasima-cel

differentiation (Reljic et al. 2000). Several studies have reported a suldstantia
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increase (5-10 fold) in IgM production by BCL-1 cells following IL-2 and IL-5
stimulation namely, Iwakoshi et al. 2003, Lin et al. 2000, Lin et al. 1997, Messika et
al. 1998, Reljic et al. 2000 and Turner, Jr. et al. 1994. Although there is an increase in
syndecan-1 expression following IL-2 and IL-5 stimulation, the effect is not as
dramatic (2% expression in the unstimulated cells versus 20% expression i¥2the IL
and IL-5 cells) (Reimold et al. 2001;Reljic et al. 2000;Turner, Jr. et al. 1994).

Blimpl was originally cloned from BCL-1 cells that were induced to diffeatninto

a plasma-cell phenotype following treatment with IL-2 and IL-5 (Turner, at. et

1994). In the same study, the kinetics of the induction of blimpl mRNA expression
was investigated over several time points (by northern blotting analysel)dritat

had been stimulated with IL-2 and IL-5. An increase in blimpl mRNA expression was
observed within an hour following treatment with IL-2 and IL-5 (Turner, Jr. et al.
1994). Since then an increase in blimpl mMRNA expression in BCL-1 cells following
IL-2 and IL-5 stimulation has been reported by several other groups, namely Lin et al
2000, Lin et al. 2002, Lin et al. 1997, Ochiai et al. 2006 and Reljic et al. 2000. The
blimpl mRNA expression was reported to be induced by 5-fold (analysed by northern
blotting) 48 hours after stimulation with IL-2 and IL-5 (Lin et al. 2000;Lin et al. 2002).

Ectopic BLIMP1 expression has been reported to drive differentiation of BCLsL cel

to a early plasma-cell phenotype (Lin et al. 2000;Lin et al. 1997;Turner, Jr. et al.
1994). This was accompanied with some of the phenotypic characteristics commonly
associated with an early plasma-cell-like state like induction of samdé expression,
increase in IgM production and increased cell size and granularity. An incrdghg in
production was also observed when BLIMP1 was ectopically expressed in othér B cel
lines namely L10A (mature B cells) and WEHI-231 (immature B c@Uigssika et al.
1998). Ectopic BLIMP1 expression in primary murine splenic B-cells also resnlted i
an increase in IgM production (Lin et al. 2002).

A study analysing the blimpl and bach2 mRNA expression (by semi-quantitative RT
PCR) in B cell lines reflecting the distinct stages of B-cell developnegairted low

levels of blimpl mRNA expression in 38B9 pro-B cells, 18-81 pre-B cells and WEHI-
231 immature B-cells but high in X63/0 plasma-cells (Ochiai et al. 2006). The bach2
MRNA expression was reported to show an inverse correlation with the blimpl mRNA

expression (mutually exclusive pattern of expression) (Ochiai et al. 2006). Anothe
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study reported a mutually exclusive pattern of BLIMP1 and PAX5 protein £ipre

(by double immunofluorescence staining) in human tonsils (Lin et al. 2002).

Stimulating primary murine splenic B-cells with LPS has been reported to drive
plasmacytic differentiation (Klein et al. 2006;Lin et al. 2002;Ochiai et al. 20060 M

et al. reported an increase in blimpl, xbp1 and irf4 mMRNA expression (they labelled as
transcription factors that drive the terminal differentiation of B-celislasma-cells) in
primary murine splenic B-cells stimulated with LPS (Muto et al. 2004). The hdl6 a
pax5 MRNA expression (they labelled as transcription factors requiredrfaimgl

centre formation) were reported to be decreased after terminal di¢imnbf B-cells
(Muto et al. 2004). Stimulation of primary human B-cells with IL-21 results in an
increase in blimpl mMRNA expression (Diehl et al. 2008). It also results in ansecre

in the xbp1 and irf4 mMRNA expression (although the increase was of a smaller
magnitude when compared the increase in blimpl mRNA expression) while bcl6 and
pax5 mMRNA expression were not effected. The same study also examined the
expression of blimp1, xbpl, irf4, pax5 and bclénisvitro derived plasma cells (ivPC).
These cells were generated by culturing peripheral blood B-cells for Juithyi. -2

and IL-21 in the presence of CD40L-L cells and then culturing for 4 days with IL-2
and IL-21 in the absence of CD40L-L cells. The blimpl, xbpl and irf4 mRNA levels

were high and bcl6 and pax5 levels were low in ivPC (Diehl et al. 2008).
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5.2 Results

The aim of this part of the project was establish efficient downregulation of fp36l
MRNA expression and ZFP36L1 protein expression in BCL-1 cells (referred as the
BCL1.zfp3611.RNAI cells). To investigate the role of ZFP36L1 in plasma-cell
differentiation, the proliferation, IgM production and expression of the transeripti
factors regulating late B-cell development were analysed in the BfpB6l2.RNAI

cells and the control cells.

5.2.1 Analysing the effect of IL-2 and IL-5 stimulation on the proliferation and
IgM production of BCL-1 wild type cells

BCL-1 wild type cells (BCL-1 WT) were maintained in growth media comgjsif

RPMI 1640, 10% FBS, 50 U/ml penicillin/streptomycin, 2mM L-Glutamine, 1%
sodium pyruvate, 1% non-essential amino acids (NEAA) and 0.05mM 2-
mercaptoethanol (2ME) as mentioned in Materials and Methods section 2.2.14. It was
observed, that the cells were extremely sensitive to the quality of the EB$uke
growth media. In order for the cells to grow optimally, it was essentjaktdest

several batches of FBS. The ultra-low endotoxin FBS (PAA Cat No. A15-102) was
determined to be the best for optimal cell growth. For optimal cell growtleetise

were not allowed to become fully confluent and were generally sub-cultured kidyen t
reached 70 to 80% confluency in culture. The cells adhered loosely to the surface of
the cell culture flask and trypsinization was not necessary. The celleashe

dislodged by tapping the cell culture flasks gently 3-4 times against theopéthen

hand. When sub-culturing, the cells were seeded at a cell density 3fr2ka0d were

not allowed to exceed a cell density of 9-10%0in culture. A cell density greater
than 10-12 x19ml in culture was observed to result in cell death (data not shown). It
was observed that free floating cells that accumulated in culture over tireeiadle

and could be used to initiate new culture.

Preliminary studies investigated the effect of IL-2 and IL-5 stimandatn the cell
proliferation and IgM production of BCL-1 WT cells only. The experiments wedre se
up at Day 0 by seeding exponentially growing BCL-1 WT cells at a celltgierisi
2x10/ml in 5ml of media (Total 1x10cells) with or without IL-2 and IL-5. The cell
proliferation (See Figure 5.1) and the IgM production (See Figure 5.2) was analysed

each day up to Day 4. Day 5 onwards was not included in the experiment as the cells
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reached a cell density of greater than 10-12l0n culture and cell death was

observed (data not shown). The total number of viable cells in the culture were
evaluated by quadruplicate counts using trypan blue (0.4%) exclusion on a
haemocytometer. The amount of IgM secreted in the cell culture media (fap8rna

was evaluated by ELISA. See Materials and Methods section 2.2.16.1 for details on the
IgM ELISA. After evaluating different dilution ratios, a 1:100 dilution of the cell

culture media (supernatant) was determined to be the most suitable for ateaccur
reading off the linear part of the IgM standard curve. Data was analysed using

Multiplex Expression Data Analysis software (Hitachi).
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Figure 5-1| Analysing the effect of IL-2/5 stimulation on the proliferation of BCL-

1 WT cells.BCL-1 WT cells were seeded at a cell density of 2@bin 5mls media

(Total 1x16 cells) with or without 20ng/ml IL-2 and 5ng/ml IL-5. The total number of
viable cells in the culture were evaluated by quadruplicate counts using trypan blue
exclusion. The error bars represent the mean £ SD of three independent experiments.
Statistically significant differences were determined by Studete'st, *** = p<

0.001, NS = Not Significant.

Figure 5.1 shows that by Day 1 the cells had started to proliferate, howevdt the ce
count for the IL-2/5 stimulated cells and the unstimulated cells was the sarbayBy
2, the cell count for the IL-2/5 stimulated cells was lower compared with the cel
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count for the unstimulated cells, although it was not significant. By Day 3 and Day 4,
the cell count for the IL-2/5 stimulated cells was considerably lower caeupdath the
cell count for the unstimulated cells. The cell viability (assessed bynttypa

exclusion) was high (>90%) in all the cultures and the lower cell count for tBb 1L
stimulated cells compared with the cell count for the unstimulated cellsyog Bad

Day 4 was not due to an increase in cell death.
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Figure 5-2| Analysing the effect of IL-2/5 stimulation on the IgM production of
BCL-1 WT cells. BCL-1 WT were seeded at a cell density of 2%10in 5mls media
(Total 1x1G cells) with or without 20ng/ml IL-2 and 5ng/ml IL-5. The amount of IgM
in the culture media (supernatant) was measured in triplicate by EA4Say. The

error bars represent the mean + SD of three independent experimentsc&hatist
significant differences were determined by Student's t-test, *** = p< 0.001.

Figure 5.2 shows the amount of IgM detected in the culture supernatant of ttge 1L-2/
stimulated cells and the unstimulated cells. By Day 1, 2, 3 and 4, the amount of IgM
detected in the culture supernatant of the IL-2/5 stimulated cells was baghpared
with the amount of IgM detected in the culture supernatant of the unstimuldted cel
By Day 3, approximately 5-fold higher amount of IgM was detected in the culture
supernatant of the IL-2/5 stimulated cells compared with that for the unstchulat
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cells, while by Day 4 it was approximately 8-fold higher.

As an alternative approach ELISPOT was used to measure the number of IgM
producing BCL-1 WT cells in culture with or without IL-2/5. However, due to high
background, the number of IgM producing cells in culture could not be accurately
determined by this technique. See Materials and Methods section 2.2.16.2 for details
on IgM ELISPOT. The problem with high background could not be resolved by
seeding as few as 300 cells per well. An accuracy error due to very low number of
cells needed for this assay could not be totally excluded leading to a possibddbldebat
or incorrect result. In addition, the incubation time reduction for cell culture ya2dnl
hours also did not result in any improvement. Approximately 50% of the unstimulated
cells in culture were detected to be producing IgM (high background), see Appendix E
It was concluded that ELISPOT was unsuitable for measuring IgM production by
BCL1 WT cells. In proceeding experiments the IgM production was analysed by
ELISA only.

Taken together, the results in this section showed that the IL-2/5 stimulatieaskxtr
the cell proliferation and increased the IgM production of BCL-| WT cells (a

phenotype associated with BCL-1 WT cells undergoing plasmacytic diffatieny.

5.2.2 Analysing the expression of transcriptional factors regulating late B-cél
development in IL-2/5 stimulated BCL-1 WT cells

The results in the previous section showed that the IL-2/5 stimulation decrelhsed ce
proliferation and increased IgM production of BCL-1 WT cells. Next, the mRNA

expression of transcription factors regulating late B-cell developmenamalysed.

The methodology foRNA extraction, Reverse Transcription (cDNA synthesis), PCR

and Quantitative Real Time PCR (Q-RT-PCR) are covered in detail in Katand

Methods sections 2.2.24, 2.2.25, 2.2.26 and 2.2.27 respectively. In brief, the total RNA
was isolated from 5xf@&ells using the RNeasy Mini Kit (Qiagen). The RNA quality

and integrity was determined by analysing the ribosomal RNA (rRNA) band4%n a
agarose gel. High quality RNA should have a 28S rRNA band about twice as intense
as 18S rRNA band and both the bands should be sharply defined (information provided
in the technical bulletin accompanying RNA extraction protocols, www.rochédppl

science.com). Next,u of the total RNA was reversed transcribed using the
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QuantiTect Reverse Transcription Kit (Qiagen) and the resulting coraptangDNA
(cDNA) was subjected to either a semi-quantitative RT-PCR or a Q@R t3ing

gene specific primers.

The gene specific primers were designed using the programme UhRerisa

Library Assay Design (www.roche-applied-science.com). The progeadasigns

primers whose one half hybridizes to the 3’ end of one exon and the other half to the 5’
end of the adjacent exon (information provided in the technical bulletin accompanying
the programme Universal Probe Library Assay Design). The primers signelé as

such to avoid amplification of contaminating genomic DNA (primers anneal to cDNA
synthesised from spliced mMRNAs but not to genomic DNA). The complete list of the
gene specific primers used in this project is provided in Materials and Methods Tabl
2.3.

The preliminary experiments investigated the zfp36I1 and blimpl mRNA expression i
the 1L-2/5 stimulated BCL-1 WT cells by a semi-quantitative RT-PGRygsee

Figure 5.3. By 48 hours (Day 2) post IL-2/5 stimulation in BCL-1 WT cells, the
zfp36l1 MRNA expression was downregulated whereas the blimpl mRNA expression
was upregulated. However, the semi-quantitative RT-PCR assay was not i@shside
sensitive enough to detect small changes in mRNA expression and in the proceeding

experiment the mRNA expression was analysed by Q-RT-PCR assay only.

As the semi-quantitative RT-PCR assay was not sensitive enough to deitct s
changes in mMRNA expression, therefore the zfp36I11, blimpl1, xbp1, irf4 and bcl6
MRNA expression in the IL-2/5 stimulated BCL-1 WT cells was analysedBYy-Q

PCR assay, see Figure 5.4. The relative fold change in the mRNA expregsien of
target gene was calculated from the Q-RT-PCR experiments st - method

(Livak and Schmittgen 2001). Th&*2“; method presents the data as fold change in
MRNA expression, normalized to the mRNA expression ofdéfezence (housekeeping)
gene and relative to the mMRNA expression of the targetigeghe calibrator sample
(baseline sample). In this projg:hctin was used as the reference gene in all the Q-RT-

224 method of

PCR experiments. Appendix C shows a typical example ofjuke
relative quantification to determine the fold change in mRNA expression of ¢at tar

gene.
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Figure 5-3| Analysing the zfp36/1 and blimpl mMRNA expression in IL-2/5
stimulated BCL-1 WT cells.BCL-1 WT cells were seeded at a cell density of 2
x10°/ml and were cultured with 20ng/ml IL-2 and 5ng/ml IL-5. The total RNA was
reverse transcribed and the resulting cDNA (either undiluted or 10-fold diluted) wa
used as template for a PCR assay with primers for zfp3611, blimp(3-acith. Part A,
the PCR products were run on a 2% agarose gel, Lane 1: BCL-1 WT cells + IL-2/5
Day O (undiluted), Lane 2: BCL-1 WT cells + IL-2/5 Day 0 (10-fold diluted), Lane 3:
BCL-1 WT cells + IL-2/5 Day 2 (undiluted), Lane 4: BCL-1 WT cells + IL-2/5/2a
(10-fold diluted) and Lane 5: negative control. Part B, the densitometric araflysis
PCR products (10-fold diluted) was performed using the programme Quantity one
version 4.41 (Bio-Rad). The data was normalised t@-thetin mMRNA expression and
relative to the mRNA expression of the target gene in BCL-1 WT cells + IL-2/30D
(calibrator sample). The data is representative of two independent expsriment

100



Chapter 5 —Investigating the role of ZFP36L1 irIBtcell development

. blimpl xbp1
s, Zfp36I11 2,07
6-
1.25- 5
g @ ]
2 1.00- g s
5 o 4 S
3 <Z( < 1.0
< 0.754 X 3 z
T
4 € IS
1S (]
() 2 o
2 0.50 = 2
8 © T 0.5
[0] a4 0@
& 0.25- 1-
0- S 0.0-
Q a9 @ Q v
o K £ o \of@ \of@
g N ™ x\& O 3
N N N N S S
2.0n irf4 e belé
1.25
c
o s
2] —
i 3 1.00-
< 5
o 3
S < 0.757
x T
£ E
2 2 0.50
& 0254
S Y 0.00- ~
@0?;\ @0?;\ Q&Q Sl
N < © \%
X\va X\va x\»"> X\Vw
S S $ N

Figure 5-4| Analysing the zfp36I1, blimp1, xbpl, irf4, and bcl6 MRNA expression
in IL-2/5 stimulated BCL-1 WT cells. BCL-1 WT cells were seeded at a cell density
of 2 x1G/ml and were cultured with 20ng/ml IL-2 and 5ng/ml IL-5. The total RNA
was reverse transcribed and the resulting cDNA was subjected to Q-RTirPCR
triplicate reactions) with primers for zfp36I1, blimp1l, xbpl, irf4, bcl6 puadttin. The
272 method of relative quantification was used to deitez the fold change in mRNA
expression. The data was normalized t@¢thetin mMRNA expression and relative to the
MRNA expression of the target gene in BCL-1 WT cells + IL-2/5 Day 0 (e&tibr
sample). The error bars represent £ SD from one experiment.
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Figure 5.4 shows that by 48 hours (Day 2) post IL-2/5 stimulation in BCL-1 WT cells,
the zfp3611 MRNA expression was downregulated. The blimpl, xbpl and irf4 mRNA
expression was upregulated, although the upregulation in xbp1 and irf4 mRNA
expression was of a lesser extent compared with the upregulation in blimpl mRNA
expression. Finally, the bcl6 mMRNA expression was downregulated. Due to erffici

primers the pax5 mRNA expression could not be investigated.

The ZFP36L1 protein expression in BCL-1 WT cells cultured with or without IL-2/5
was analysed by western blotting, see Figure 5.5. Figure 5.5 Lane 1 shows the
ZFP36L1 expression in BCL-1 WT cells (unstimulated) while Lane 2 shows the
ZFP36L1 expression in BCL-1 WT cells stimulated with IL-2/5 for 96 hours (Day 4)
The level of ZFP36L1 expression in the IL-2/5 stimulated cells was consigléraer
when compared with the level of ZFP36L1 expression in the unstimulated cells. This
result showed that in agreement with the mRNA profile, IL-2/5 stimulatiaritegsin

the downregulation of the ZFP36L1 protein expression in BCL-1 WT cells.

g +IL2/5
1 2

HSP90 =90 kDa —

ZFP36L1 =40 kDa—

Figure 5-5| Analysing the ZFP36L1 protein expression in BCL-1 WT cells

cultured with or without IL-2/5. At Day 0, BCL-1 WT cells were seeded at a cell
density of 2 x1&ml and were cultured with or without 20ng/ml IL-2 and 5ng/ml IL-5.
At Day 4, the cells were lysed and the whole cell protein lysaieg(Bfbtein) were
separated on a 10% polyacrylamide gel and subjected to western blotting. ZFP36L1
and HSP-90 proteins were detected by anti-BRF1/2 and anti-HSP 90 antibodies
respectively. Lane 1: BCL-1 WT cells (unstimulated) and Lane 2: BCL-1 8lIF €
IL-2/5. The result is representative of two independent experiments.
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5.2.3 Analysing the zfp36I1 and blimpl mRNA expression in LPS stimulated
primary murine B-cells

The zfp3611 and blimpl mMRNA expression was analysed during plasmacytic
differentiation of primary B-cells in response to LPS. Primary murirengpB-cells

were cultured with LPS and, zfp36I1 and blimpl mRNA expression was analysed by
Q-RT-PCR, see Figure 5.6.

The results in Figure 5.6 show that by Day 1 post LPS-stimulation, the zfp36/1 mRNA
expression was downregulated whereas the blimpl mRNA expression was
upregulated. The same pattern of gene expression was observed by Day 2 and Day
post LPS-stimulation. Thus, an inverse expression pattern between the zfp3611 and
blimpl mRNAs was observed during plasmacytic differentiation of primaryneaur
splenic B-cells.

blimpl

150 zfp3611 °]

1.25- 41
1.00-
0.75-

0.504

Relative mRNA expression
Relative mRNA expression

0.254

0.00-

Figure 5-6| Analysing the zfp36/1 and blimpl mMRNA expression in LPS

stimulated primary murine splenic B-cells.Primary murine splenic B-cells were
seeded at a cell density of 1 A0l and cultured with 183/ml LPS. The total RNA

was reverse transcribed and the resulting cDNA was subjected to Q-R{i#PCR
triplicate reactions) with primers for zfp3611, blimp1, ghdctin. The 2*“; method of
relative quantification was used to determinedltbdhange in mMRNA expression. The data was
normalized to th@-actin mMRNA expression and relative to the mRNA expression of the
target gene in WT cells + LPS Day 0 (calibrator sample). The error Ipreseat +

SD from one experiment.
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5.2.4 Analysing the zfp36I1 and blimpl mMRNA expression at distinct stages of
B-cell development

The level of zfp3611 and blimpl mRNA expression was analysed in human B cell lines
reflecting various stages of B-cell development (pre-B, mature B artbmy cell

lines), see Figure 5.7. The zfp3611 MRNA expression was high in pre-B and mature B
cell lines but low in myeloma cell lines. In comparison, the blimpl mRNA expressi
was low/undetectable in pre-B and mature B cell lines but high in myelomanesll i
Generally, in cell lines where zfp36l11 mRNA expression was high, it was observed
that the blimpl mRNA expression was low (the mature B cell line Ramos cell
expressed zfp36l1, but they also expressed low levels of blimpl mMRNA). Taken
together, the zfp36l1 MRNA expression showed an inverse correlation with the blimpl

MRNA expression in B cell lines reflecting various stages of B-ce#ldpment.

t KMM1 (myeloma cell ling)
T MMAS [myeloma cell line)

L RAMOS (mature B cell line)
&= LN (myeloma cell line)

=4 SEM (pre-B cell line)
b NALM 6 (pre-B cell ling)

zfp3611 120 bp

=—blimp1 62 bp

=— B-actin 104 bp

Figure 5-7| Analysing the zfp36/1 and blimpl mMRNA expression in pre-B, mature
and myeloma B cellsSEM, NALM, RAMOS, JIN3, KMM1 and MM1S cells were
maintained in culture.The total RNA was reverse transcribed and thengsibiNA

was used as template for a PCR assay with primers for zfp36ll, blimfitaotih.

The PCR products were run on a 2% agarose gel. Lane 1. SEM cells (pre-B cgell line)
Lane 2: NALM6 cells (pre-B cell line), Lane 3: RAMOS cells (matBreell line),

Lane 4: JIN3 cells (myeloma cell line), Lane: 5 KMML1 cells (myelortidice) and

Lane 6: MM1S cell (myeloma cell line).
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5.2.5 Analysing the downregulation of ZFP36L1 expression in the
BCL1.zfp3611. RNAI cells

The aim for this part of the project was to transduce BCL-1 WT cells with the RNA
virus, and then establish efficient downregulation of zfp36/1 mMRNA expression and
ZFP36L1 protein expression in the transduced RNAI cells (referred as
BCL1.zfp3611.RNAI cells) by Q-RT-PCR and western blotting respectively.

BCL-1 WT cells were transduced with concentrated lentiviral supernatanvas it
observed that the efficiency of transduction of the cells with the non-corteentra
lentiviral supernatant (<1xf@ransduction Unitsd) was extremely poor (data not
shown). The production, concentration and titration of the lentiviral supernatant are
covered in detail in the Materials and Methods section 2.2.28. Briefly, 293T cells were
co-transfected with lentiviral plasmid and the packaging plasmids (pMDRIpR
pRSV-Rev and pMD2.G) and the resulting lentiviral supernatant was collected 48
hours and 72 hours after transfection. The pooled lentiviral supernatants weed filte
to remove cell debris and were either used directly to transduce cells entratex

(by ultracentrifugation and resuspension in 1 X HBBSu1)0&nd then used to
transduce cells. The biological titre was determined by transducing 298 waell

serial dilutions of the concentrated lentiviral supernatant. For a typicamoated
lentiviral supernatant preparation, the biological titre was determined toulnedat-5

x 10° Transduction Unitg.

For transductions, a total of 2X2IBCL-1 WT cells were seeded per well of a 12 well
cell culture plate. Next, the cells were transduced with the concentatedrél
supernatant at varying multiplicity of infection (MOI). The MOI refershte number
of infecting viral particles per cell. A range of MOIs were tested tooge the
transduction procedure. Typically, 2X1¢ells were transduced with 1X10
Transduction Units of virus at MOI 50. The cells were washed with PBS 48 hours
post-transduction (to remove the infectious viral particles) and resuspendeshin f
complete media. The cells appeared healthy following transduction with tiseatir
MOI 50 and no signs of viral toxicity were observed. The transduced cells were
expanded during 6-8 consecutive passages and FACS sorted for GFP positive cells.
The sorting of GFP positive cells was performed at the Flow Cytometryehd C
Sorting Facility, DIIID, King's College, London. The efficiency of transtion was
determined by assaying GFP expression by FACS. Typically, under the cosditi
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mentioned above, the transduction efficiency of between 25-40% was achieved (see
FACS data Appendix F). The above strategy was preferred over transdutsngittel
high MOI as that could have resulted in viral toxicity. Stimulation with
Hexadimethrine Bromide (Polybrene) or Protamine Sulphate to increaseitieneif

of transduction was not required for BCL-1 WT cells.

Three separate rounds of transductions were performed on BCL-1 WT cells with
concentrated supernatants of pSicoR virus, pSicoR.scramble.RNAi virus,
pSicoR.zfp36/1.RNAI.1 virus and pSicoR.zfp36I1.RNAI.2 virus. Each round of cells
was cultured independently. Three independent batches of cells were obtained
following FACS sort. See Table 5.1 for the complete list of viral transductions
performed and the cells obtained following FACS sort. It is important to noténéhat t
pSicoR.zfp36/1.RNAI.1 virus and pSicoR.zfp36I1.RNAI.2 virus deliver two different
shRNAs against zfp3611 mRNA, targeting the ORF region and the 3'UTR region

respectively.

Table 5-1| Viral transductions and the cells obtained following FACS sort.

Independent batch of cells obtained following

Virus FACS

BCL1.empty #A
pSicoR BCL1.empty #B
BCL1.empty #C

BCL1.scramble.RNAi #A
pSicoR.scramble.RNAI BCL1.scramble.RNAi #B
BCL1.scramble.RNAi #C

BCL1.zfp36l1.RNAI.1 #A
pSicoR.zfp36l11.RNAI.1 BCL1.zfp36l11.RNAI.1 #B
BCL1.zfp36l1.RNAI.1 #C

BCL1.zfp3611.RNAi.2 #A
pSicoR.zfp3611.RNAI.2 BCL1.zfp3611.RNAi.2 #B
BCL1.zfp36I1.RNAi.2 #C
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Figure 5-8| Analysing the downregulation of zfp36/1 mMRNA expression in
BCL1.zfp36l1.RNAi cells At Day 0, BCL-1 WT, BCL1.empty (#A, #B and #C),
BCL1.scramble.RNAI (#A, #B and #C), BCL1.zfp36I1.RNAi.1 (#A, #B and #C) and
BCL1.zfp3611.RNAI.2 (#A, #B and #C) cells were seeded at a cell density of 2x10
cells/ml and cultured without (A) or with (B) 20 ng/ml IL-2 and 5 ng/ml IL-5. AyDa
2, the total RNA was reverse transcribed and the resulting cDNA was sdheQe
RT-PCR assay (in triplicate reactions) with primers for zfp36l1faactin. The 2
method of relative quantification was used to deiee the fold change in mMRNA
expression. The data was normalised t@thetin mRNA expression and relative to the
zfp36l11 MRNA expression in BCL-1 WT cells (calibrator sample). The errsr ba
represent mean = SD of three independent cell lines (#A, #B and #C) per each cell
type. Statistically significant differences were determined by 8tigdietest, * = p<
0.05, NS= Not Significant.

The efficiency in downregulation of zfp36/1 mMRNA expression in
BCL1.zfp3611.RNAI cells was analysed by Q-RT-PCR, see Figure 5.8. The level of
zfp36l1 MRNA expression in unstimulated BCL1.zfp36l1.RNAi cells (both RNAI.1
and RNAI.2) was lower compared with the level of zfp3611 mMRNA expression in
unstimulated BCL1.scramble.RNAi cells, see Figure 5.8 A. As previously observed,
the zfp3611 MRNA expression is downregulated in BCL-1 WT cells following IL-2/5
simulation (see Figure 5.4). It was next investigated whether the zfp361 AmMRN
expression is further downregulated in the IL-2/5 stimulated BCL1.zfp36I1.RNIAi ce
compared with IL-2/5 stimulated BCL1.scramble.RNAi cells. Figure 5.8 B shwats
the level of zfp36l1 MRNA expression in IL-2/5 stimulated BCL1.zfp3611.RNAI cells
(both RNAI.1 and RNAI.2) was lower (but not significantly lower) compared with the
level of zfp36l1 MRNA expression in IL-2/5 stimulated BCL1.scramble.RNAi.cells
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The efficiency in the downregulation of ZFP36L1 protein expression in
BCL1.zfp3611.RNAI cells was analysed by western blotting, see Figure 5.9 A.
Densitometric analysis of the observed bands was performed and the results showe
that the level of ZFP36L1 protein expression in unstimulated BCL1.zfp36/1.RNAI
cells (both RNAI.1 and RNAI.2) was lower compared with the level of ZFP36L1
protein expression in unstimulated BCL1.scramble.RNAI cells, see Figure 5.9 B.
was previously observed that stimulation with IL-2/5 downregulates the ZFP36L1
protein expression in BCL-1 WT cells to low/undetectable levels (see FdueAs a
result the level of ZFP36L1 protein expression in the IL-2/5 stimulated
BCL1.zfp3611.RNAI cells could not be investigated by western blotting. All in all, the
efficiency of downregulation of zfp3611 mMRNA expression and ZFP36L1 protein

expression could only be established in unstimulated BCL1.zfp36I1.RNAi cells.

An attempt was made at generating BCL-1 cells stably overexpredsiR@pL1. For

this purpose, concentrated viral supernatants were generated with the congtntiet pL
CMV-m-zfp36I1 (a lentiviral based ZFP36L1 expression vector, see Appendix B.7 for
details) and used directly to transduce BCL-1 WT cells. The transduced egedls w
required to be selected by culturing in media containing puromycin, however, due to
low transduction efficiency and sensitivity of BCL-1 WT cells to puromycith(w

levels as low as 0.1 to Oug/ml) the cells could not grow and be maintained in
culture. Stimulating the cells with polybrene prior to transduction with the vira
supernatant or increasing the MOI did not result in improve transduction efficiency.
Only a small proportion of transduced viable cells were observed in culture and the
cells were too sparse to culture effeciently. These difficulties could retdreome in

the limited time available.
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Figure 5-9| Analysing the downregulation of ZFP36L1 protein expression in
BCL1.zfp36l1.RNAI cells.BCL-1 WT, BCL1.empty (#A, #B and #C),
BCL1.scramble.RNAI (#A, #B and #C), BCL1.zfp36I1.RNAi.1 (#A, #B and #C) and
BCL1.zfp3611.RNAI.2 (#A, #B and #C) cells were maintained in culture following
FACS sort (GFP Positive cells). The cells were lysed and the whole delinpiysates
(30 ug protein) were separated on a 10% polyacrylamide gel and subjected to western
blotting. ZFP36L1 and HSP-90 were detected with anti-BRF1/2 and anti-HSP-90
antibodies respectively. Part A Top Panel, Lane 1: BCL-1 WT, Lane 2: BCL1.empty
#A, Lane 3: BCL1.scramble.RNAI #A, Lane 4. BCL1.zfp36I1.RNAI.1 #A and Lane 5:
BCL1.zfp36l1.RNAI.2 #A. Part A Middle Panel, Lane 1: BCL-1 WT, Lane 2:
BCL1.empty #B, Lane 3: BCL1.scramble.RNAIi #B, Lane 4: BCL1.zfp36I1.RNAIi.1
#B and Lane 5: BCL1.zfp3611.RNAI.2 #B. Part A Bottom Panel, Lane 1: BCL-1 WT,
Lane 2: BCL1.empty #C, Lane 3: BCL1.scramble.RNAi #C, Lane 4:
BCL1.zfp3611.RNAI.1 #C and Lane 5: BCL1.zfp36I11.RNAI.2 #C. Part B, the density
of the observed bands was quantified using ImageQuant 1D Gel analysis software. Th
data was normalised to the HSP-90 protein expression and relative to the ZFP36L1
protein expression in BCL-1 WT cells. The error bars represent =+ SD of three
independent cell lines (#A, #B and #C) per each cell type. Statisticallficagni
differences were determined by Student's t-test, * = p< 0.05.
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5.2.6 Lentiviral transduction of primary murine splenic B-Cells

The primary B-cells were isolated from spleens of naive C57BL/6 mice b&ing t
Dynal® Mouse B-cell Negative Isolation Kit. The details of the procedure are
provided in Materials and Methods Section 2.2.15. The purified CD19 positive B-cells
were resuspended at a cell density of £4h0in RPMI 1640 media supplemented

with 10% FBS, 50 U/ml penicillin/streptomycin and 0.05rfiMhercaptoethanol. In
order to optimise the transduction procedure the cells were transduced with only
concentrated supernatant of pSicoR virus. In the preliminary experimentg|lthe

were either, stimulated with L@/ml LPS a day prior to transduction (pre-activation),
stimulated and transduced at the same time (co-activation) or left unstichaiat
transduced. Typically 1xf@ells were seeded per well of a 12 well cell culture plate
and transduced with 1xi@ansduction units of pSicoR virus at MOI 10. The plates
were centrifuged at 700x g for 1 hour at room temperature to increase the tramsducti

efficiency (centrifugal enhancement method).

Bright Field Microscopy Fluorescence Field Microscopy

Figure 5-10| Transduction of primary murine splenic B-cells with pSicoR virus.

A total of 1x1&P B cells were seeded per well of a 12 well plate. The cells were
stimulated with 1Qug/ml LPS and 24 hours later transduced with Ixi@l particles

of pSicoR virus at MOI 10 (pre-activation). The plate was spun at 700x g for 1 hour at
20° C. The transduced cells (GFP positive) were observed under the fluorescence
microscope (with a magnification of x 110) 3 Days post transduction.

The efficiency of transduction was analysed by observing GFP positigarcétie

culture by fluorescence microscopy 3 Days post-transduction. In the culiategere
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not stimulated with LPS, there were no GFP positive cells, perhaps partly due to poor
ability of the primary B-cells to survive in culture for the require time pe@nly a
small proportion of GFP positive cells were observed in cultures where the cells ha

been stimulated with LPS, see Figure 5.10.

All'in all, the transduction of primary B-cells (stimulated or unstimulateay w

extremely poor and the work did not lend itself to further investigation.

5.2.7 Analysing the Proliferation and IgM production of BCL1.zfp36I1.RNAI
cells

After establishing efficient downregulation of zfp3611 mMRNA expression and
ZFP36L1 protein expression in BCL1.zfp36l1.RNAI cells (unstimulated cells only),
the next aim was to investigate the proliferation and IgM production of tise Thé
cells were either left unstimulated or stimulated with IL-2/5 and the eratibn and

IgM production was analysed, see Figure 5.11 and 5.12 respectively.
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Figure 5-11| Analysing the proliferation of BCL1.zfp3611.RNAI cells.At Day 0O,
BCL-1 WT, BCL1.empty (#A, #B and #C), BCL1.scramble.RNAI (#A, #B and #C),
BCL1.zfp3611.RNAI.1 (#A, #B and #C) and BCL1.zfp36I1.RNAi.2 (#A, #B and #C)
cells were seeded at a cell density of 2xddlis/ml in 1 ml media (total 2xX@ells),
without (A) or with (B) 20ng/ml IL-2 and 5ng/ml IL-5. At Day 4, the total number of
viable cells in culture was evaluated by quadruplicate counts using trypan blue
exclusion. The error bars represent mean + SD of three independent cell ling8 (#A
and #C) per each cell type. NS = Not Significant.
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Figure 5.11 A shows that by Day 4 there was no difference in the total cell count for
unstimulated BCL1.zfp36l1.RNAI cells (both RNA1.1 and RNAI.2) and unstimulated
BCL1.scramble.RNAI cells. Stimulation with IL-2/5 decreased the celifpration of

all cells (total cell count by Day 4 for unstimulated cells was approgign6-11 x10
cells where as for the IL-2/5 stimulated cells it was approximately’oell3),

however, there was no difference in the total cell count for IL-2/5 stimulated
BCL1.zfp3611.RNAI cells (both RNAI.1 and RNAI.2) and IL-2/5
BCL1.scramble.RNAI cells, see Figure 5.11 B.
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Figure 5-12| Analysing the IgM production of BCL1.zfp3611.RNAI cells.At Day

0, BCL-1 WT, BCL1.empty (#A, #B and #C), BCL1.scramble.RNAi (#A, #B and #C),
BCL1.zfp3611.RNAIi.1 (#A, #B and #C) and BCL1.zfp3611.RNAIi.2 (#A, #B and #C)
cells were seeded at a cell density of 2ddlis/ml in 1 ml media (Total 2x2@ells),
without (A) or with (B) 20ng/ml IL-2 and 5ng/ml IL-5. At Day 4, the amount of IgM

in the culture media (supernatant) was measured in triplicate by EA4Say. The

error bars represent mean + SD of three independent cell lines (#A, #B and #C) per
each cell type. Statistically significant differences werternie@ned by Student's t-test,

** = p< 0.01, * = p< 0.05, NS = Not Significant.

Figure 5.12 A shows that by Day 4 the amount of IgM detected in the culture
supernatant of the unstimulated BCL1.zfp36I1.RNAi cells (both RNAI.1 and RNAI.2)
was higher (approximately 2 fold higher) compared with the amount of IgM ditecte
in the culture supernatant of the unstimulated BCL1.scramble.RNAI cells. A&s ther
was no difference in the total cell count by Day 4 for unstimulated
BCL1.zfp3611.RNAI cells (both RNAI.1 and RNAI.2) and unstimulated
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BCL1.scramble.RNAI cells, this effect could be due to higher IgM production by the
BCL1.zfp3611.RNAI cells. Stimulation with IL-2/5 increased the IgM productionlof al
cells by approximately 5 fold. Although there was a trend towards higher amount of
IgM detected in the culture supernatant of the IL-2/5 stimulated BCL1.zfp3%A.

cells (both RNAI.1 and RNAI.2) compared with IL-2/5 stimulated
BCL1.scramble.RNAI cells, this did not reach statistical significaresFsgure5.12

B. Taken together the results indicated that downregulation of ZFP36L1 protein
expression in BCL-1 cells results in an increase in IgM production, a phenotype
associated with BCL-1 cells undergoing plasmocytic differentiation. Tfastedn

IgM production was only observed in the unstimulated cells where the efficient
downregulation of ZFP36L1 protein expression was established. Although the effect
on IgM production is an interesting finding, it can only be confirmed after a phpenot
rescue experiment whether this effect is specifically due to a dowategubf

ZFP36L1 protein expression. Until a phenotype rescue experiment is performed
(ectopically expressing the target protein and restoring the wild typ®typeh the
results from RNAI experiment need to be interpreted with caution and no clear or

definite conclusions about specificity can be drawn.

5.2.8 Analysing the expression of transcription factors regulating late B-cell
development in BCL1.zfp36I1.RNAi cells

The mRNA expression of transcription factors regulating late B-cell dewvelot
(blimpl, xbp1l, irff4 and bcl6) was analysed in BCL1.zfp36I1.RNAI cells by Q-RT-
PCR. Figure 5.13 shows that in the unstimulated cells, there was no difference in the
level of xbp1l, irf4 and bcl6 MRNA expression in BCL1.zfp36I1.RNAI cells (both
RNAIi.1 and RNAI.2) and BCL1.scramble.RNAi cells. However, the level of blimp1l
MRNA expression was higher (approximately 1.5 fold higher) in the
BCL1.zfp3611.RNAI.1 cells compared with BCL1.scramble.RNAI cells. Although
there was a trend towards higher level of blimpl mRNA expression in
BCL1.zfp3611.RNAI.2 cells compared with BCL1.scramble.RNAI cells, it did not
reach statistical significance. Figure 5.14 shows that in the in the IL2-5 at#d

cells, there was no difference in the level of blimp1l, xbpl, irf4 and bcl6 mMRNA
expression in BCL1.zfp3611.RNAI cells (both RNAI.1 and RNAI.2) and
BCL1.scramble.RNAi cells.
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Figure 5-13| Analysing the blimp1, xbpl, irf4 and bclé mMRNA expression in
unstmulated BCL1.zfp3611 RNAI cells At Day 0, BCL-1 WT, BCL1.empty (#A, #B
and #C), BCL1.scramble.RNAI (#A, #B and #C), BCL1.zfp36I1.RNAI.1 (#A, #B and
#C) and BCL1.zfp3611.RNAI.2 (#A, #B and #C) cells were seeded at a cell density of
2x1@ cells/ml. At Day 2, the total RNA was reverse transcribed and the resulti
cDNA was subjected to Q-RT-PCR assay (in triplicate reactionB)psiners for
blimp1, xbp1, irf4, bclé anf-actin. The 2““; method of relative quantification was
used to determine the fold change in mMRNA expras3ibe data was normalised to flae
actin mRNA expression and relative to the mRNA expression of the targeihgene
BCL-1 WT cells (calibrator sample). The error bars represent mean £ tGze
independent cell lines (#A, #B and #C) per each cell type. Statisticallficigni
differences were determined by Student's t-test, * = p< 0.05, NS = Not Sighifica
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Figure 5-14| Analysing the blimp1, xbpl, irf4 and bcl6 mMRNA expression in IL-

2/5 stimulated BCL1.zfp36I1.RNAi cellsAt Day 0, BCL-1 WT, BCL1.empty (#A,

#B and #C), BCL1.scramble.RNAi (#A, #B and #C), BCL1.zfp3611.RNAIi.1 (#A, #B

and #C) and BCL1.zfp36I11.RNAIi.2 (#A, #B and #C) cells were seeded at a cell density
of 2x10 cells/ml, and cultured with 20ng/ml IL-2 and 5ng/ml IL-5. At Day 2, the total
RNA was reverse transcribed and the resulting cDNA was subjected toRERT-

assay (in triplicate reactions) with primers for blimp1, xbpl, irf4, bcl6Baactin. The

2% method of relative quantification was used to mieitge the fold change in mRNA
expression. The data was normalised t@thetin mMRNA expression and relative to the
MRNA expression of the target gene in BCL-1 WT cells (calibrator sanmijie)error

bars represent mean = SD of three independent cell lines (#A, #B and #C) perleach cel
type. NS = Not Significant
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Figure 5-15| Analysing the BLIMP1 protein expression in BCL1.zfp36l1.RNAI
cells.BCL-1 WT, BCL1.empty (#A, #B and #C), BCL1.scramble.RNAI (#A, #B and
#C), BCL1.zfp36l1.RNAIi.1 (#A, #B and #C) and BCL1.zfp3611.RNAi.2 (#A, #B and
#C) cells were maintained in culture following FACS sort (GFP Positive) c&he

cells were lysed and the whole cell protein lysateqiBprotein) were separated on a
10% polyacrylamide gel and subjected to western blotting. BLIMPBa&@TIN

were detected with anti-BLIMP1 and arfFACTIN antibodies respectively. Part A

Top Panel, Lane 1: BCL-1 WT, Lane 2: BCL1.empty #A, Lane 3:
BCL1.scramble.RNAI #A, Lane 4: BCL1.zfp36I1.RNAI.1 #A and Lane 5:
BCL1.zfp36l1.RNAI.2 #A. Part A Middle Panel, Lane 1: BCL-1 WT, Lane 2:
BCL1.empty #B, Lane 3: BCL1.scramble.RNAIi #B, Lane 4: BCL1.zfp36I1.RNAIi.1
#B and Lane 5: BCL1.zfp3611.RNAI.2 #B. Part A Bottom Panel, Lane 1: BCL-1 WT,
Lane 2: BCL1.empty #C, Lane 3: BCL1.scramble.RNAi #C, Lane 4:
BCL1.zfp3611.RNAI.1 #C and Lane 5: BCL1.zfp36I11.RNAI.2 #C. Part B, the intensity
of the observed bands was quantified using ImageQuant 1D Gel analysis software. Th
data was normalised to tBeACTIN protein expression and relatiove to the BLIMP1
protein expression in BCL-1 WT cells. The error bars represent + SD of three
independent cell lines (#A, #B and #C) per each cell type. NS = Not Significant.

Next, the BLIMP1 protein expression was analysed in the unstimulated cells by
western blotting, see Figure 5.15 A. Although the densitometric analysis showed a

trend towards higher level of BLIMP1 protein expression in BCL1.zfp36I1.RNAi.1
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cells compared with BCL1.scramble.RNAI cells, it did not reach statistical
significance, see Figure 5.15 B. Overall, there was no difference inviéiieofe
BLIMP1 protein expression in BCL1.zfp36I1.RNAI cells (both RNAI.1 and RNAI.2)
compared with the level of BLIMP1 protein expression in BCL1.scramble.Ra&lAi c

Taken together, the results showed that downregulation of ZFP36L1 protein expression
in BCL-1 cells (established in unstilmulated cells only) does not affectvieé df

xbpl, irf4 and bclé mMRNA expression. The level of blimpl mRNA expression was
higher (1.5 fold higher) only in BCL1.zfp36I1.RNAI.1 cells and not in
BCL1.zfp3611.RNAI.2 cells. As mentioned earlier, one of the factors important in
confirming the specificity of the RNAIi experiment (along with the phenotgpeue
experiments) is to observe the same phenotype effect with two or more independent
shRNAs targeting different regions of the mRNA (Cullen 2006). It could only have
been possible to conclude after observing higher levels of blimpl mRNA and BLIMP1
protein expression in both BCL1.zfp36l1.RNAi.1 and BCL1.zfp36I1.RNAi.2 cells and
after performing a phenotype rescue experiment whether this effecpaaifically

due to a downregulation of ZFP36L1 protein expression. As this was not the case, no

clear conclusions could be drawn whether ZFP36L1 targets the blimpl mRNA.

5.2.9 Analysing the effect of ZFP36L1 expression on the stability of blimp1l
MRNA

Detailed analysis of the full-length human blimpl mRNA sequence reveatat tha
contained several pentameric AUUUA motifs (Eight AUUUA motifs within 3'UTR
region), see Figure 5.16. Following that observation, a luciferase reportesiggaye
was performed to investigate whether ZFP36L1 binds to the 3'UTR region of the
blimpl mRNA and regulate its stability. For this assay, a reporter achstintaining
aFirefly luciferase coding region upstream the 3'UTR region of the human blimp1
MRNA, pMirTarget.3'UTR.blimpl (see appendix B.8 for details), was either co-
transfected with the expression construct (pcDNAG6/His.zfp36I1) or the mutant
expression construct (pcDNAG6/His.zfp3€)linto 293T cells and the luciferase

activity in the transfected cells was analysed.

For details on the luciferase reporter gene assay, see Materials anddviettiah

2.2.29. Briefly, 293T cells were co-transfected with 200ng of the expression canstruct
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100ng of theFirefly luciferase reporter construct and, for normalization purposes, 10ng
of theRenillaluciferase construcEirefly andRenillaluciferase activity were analyzed

24 hours after transfection with Dual luciferase reporter assay systeraxpi@ssion
construct, pcDNA6/His.zfp3611 (kindly provided by Dr. Christoph Moroni, University
of Basel, Switzerland) was constructed by introducing DNA sequencespmraasg

to only the ORF region of the human zfp36l11 mRNA iBamH- EcoRV sites of the
plasmid pcDNA6/His.A (Invitrogen, Cat. No. V22220). Also provided was the mutant
construct pcDNA6/His.zfp36k which was constructed by site directed mutagenesis
(mutations were introduced by replacing the first cysteine residuelofzezc finger

domain with an arginine).

Figure 5.17 shows that the level of luciferase activity in cells co- tretesfevith
pMirTarget.3’'UTR.blimpl and pcDNAG6/His.zfp36I1 was lower compared with the
level of luciferase activity in cells transfected with pMirTargéd.BR.blimp1 and
pcDNAG6/His.zfp36I% (zinc finger domain mutant). The results indicated that

ZFP36L1 may be able to interact with the 3’'UTR region of the blimpl mRNA and as a
result downregulate the expression of the gene and this may require the fuzationa
finger domains of ZFP36L1. Although an interesting finding, it would be important to
consolidate this experiment with the inclusion of extra controls before amy clea
conclusions can be drawn. The inclusion of negative control such as a reporter contruct
with mutated 3'UTR region of blimpl mRNA or a positive control such as a reporter
contruct with 3'UTR region of IL-3 mRNA (established target of ZFP36L1) doul
greatly improve the analysis. Further experiments would be required to Wesify t
finding. A direct physical interaction between ZFP36L1 and the 3'UTR of the blimpl
MRNA could be further investigated by a RNA electrophoretic mobility sésfhya
(REMSA).
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5’ CCCUUCGGUCUGCCAAUUGUGUCUGUUUCACGACGGCACUGUGAGCCGGGHUCACAACGCCUCUCCGUUCUCGU
CGCUGGCGCCGUGGACAGGCGGGCCUCGACCCUGCGCCCGLGGGLLCCGGLGUGLCUUCGLUCcUcccuGGeGaGLy
CCACGCGCAGACACGCCGAGUCGGACCGCCCCCUGCGCCCCUCUUACACGACCCAUCUCUACUUGCUCUGAAAAG
AGUCUACAACCUAUAAACGAACCUUUUUGCACACCCAUGCUGGAACCGACGGGGGUCACAUUGAGGUCGUGACAC
UCCAAAGUCCCUAACCGUCUCCCCUGGUUCCCCUGGUACUUUUACCUGUATLJCCUACGCCUAUACUGAGACACCU
GUCUCCGACUCAAACUUCUCUUCACAUGUAUGUAACACUUGCUGGUGGGGBCCUAAGACCACGACUACCGCCAUG
AAGCCAAGUCCGCCUCCGUAGGAAUGGUUCCUUAGACGAAAAGUUCAUACGUGGUUGUCACUUCUCCAAUAACCU
CACUACUCAUUUCUUAUGUAUGGUUUCCCGUGUGCAAAACCUGGGGAUUAICCACUUUAGAUGUGGUUACUGUGU
CAAGGAUUCUUGCGGUUGUCCUUUAUAAAAACCUCCUAGAUAAGGUCUCCCUCGAAGUGGUGAAGUAACUGCCG
AAAUUACUUCUCUUUUCGUUGACCUACGCGAUACACUUAGGUCGUGUGAGAGGGCCCUCGUUUUGGACCGACGC
CAGUCUUGCCCUACUUGUAGAUGAAGAUGUGGUAAUUCGGGUAGGGACGGUGGUCCUUGAAGAACACACCAUAA
CAGCCCUGAAACGUCUUUCCGAAGUGAUGGGAAUAGGGCCUCUCGACUGUACUACUUAGAGUGUGUUUGUGUCU
CGUCAGAUUUCGUUGGCUCGUGACUCUUUUUACUUGAGACGGGUUUCUUARGGGUUUCUCUCUCAUGUCGCACU
UUCUUUAGGAUUUUAACCUGAGGUUGGGGAGGUUUCCUUUCCUGGAGAUGGAAGAUUGUAAAGUGGGGAGUGUA
GUCUUUUCCUGGAGCUACUGAAAUCUUCUGCACCCUCGGGGCUUUACGGR¥EAUGGGAGCCCAGCAAAUGGGGU
AGGCCCGGGGAGACGGUCUUCUGAAAAACUUUCGAAGGGACCGGAUGCCAGCUCUCUGGGUGCAUGUAGUGAG
CGAGGGGGUAAGGUAGGAGGUGGUGAGGUUCGGGGAGACGUUCUUCGUC®BCUGGUUUCGGAGUUCUCGAGGY ()FQF
CGGGAGUGUCGUCGGGACCCUUAUGCCACAGGGGACACCCGGGGCCGAGHBCUCGUGGCCCUGAGGAUGCGAAY
GAACUUGCGCAGGAUGCCGUGCCUUCCAAACCCGAGGAUGGGACCGAUGMEGGGACGGGGUGGAGGGCGGUCG
AAAGUAGGGGAGCAUGUUGCGAGUGAUGGGGUUCAAGGAGAACGGGGGGAGBCCGUACUUAACAUUACCGGACUC
GCGACACUCGUCGUACUUACCGUAGUUGUUGAAACCGGAGAAGGGCUCCBPACGGGACAGAUGUCGUUAGAGGA
GCCACCCCCGUCGGACGGGGUGGGGUACGAGUUGGGGUGAAGAGAGGGCEAGCGACGGGAGUCUACCUCGGGC
UCCAACGAGGUCGGCCUCGUAGGGUCCCUCCACGAACAGGGCCGCGGGGUGACGGAAGAGGAAAUGGCCCCGGC
GGCGGUCGUACUUCCUGUUCCGGACAUCGGGGUGUUCGCCCAGAGGGUGEGCCCUUGUCGGCGGUGCCGUCUUG
ACACCACGUCGGGUUUCGAUGGAGUCGUCGCUACCGUCGGGGGUCGUCGGUUUCGGUACUUAGAGUAAUUUUU
GUUUUCUUUGUACUGGCCGAUGUUCUGGGAAGGGAUGGGCGACUUCUUCGWUGCCGUUCUAGUUCAUGCUUAC
GUUGCAAACGCGGUUCUGAAAGCCGGUCGAGAGGUUAGACUUCCAGGUGGAUCUCACGUGUCACCUCUUGCCGGA
AAGUUUACAGUCUGAACGUUGUUCCCGAAAUGAGUCGAGCGGGUGGACGUBUUGUGAUGGACCAUGUGUGCCCU
CUUUUCGGUGUACUUACGGUCCAGACGGUGUUCUCUAAAUCGUCGUGGUGQBJAGAGUUCUGGGUGGACGCUGAG
GUAAGACCUCUCUUUGGUAUGGUUACGUUCCACACGGGACGGUUCAAGUGGUCAAACACGUGGACUUUGACGUG
UUCGCAGACGUGUGGGCCCUCGCCGGGGUGUUCACGAGGGUCACGGUGUUIGAUGUAGGUAGAGACAUCGGAG
UUCCAAGUGGACUUUCCCUUGACGCGACGCCGGGGCCGCGGACCCGACGBAECCUUCUAGACUGGGCUUAGUUAC
UUCUUUAGCUCUUCAAACUGUAGUCACUGUUACGACUGGCCGAGCUCCUGRCCUCCUACUGUAGUCACACUAGAG
ACAUCACCUCUUCCUUUAAGACCGGCACCAGUCUUUUCUCUUUCUUCUUUBCCGGACUUUCACAGAAACGUUUCU
UUGUACCCCUUACCUGAGGAGAGGAGUCCCACGUCGGAAAUACUCAGUAGUOUAGAUGGGGAGUACUUCAACGGA
GGGUCGUUGGGUGAUGGAGACCAUGGACAUUUCCAGUUUGUUCUUUGUCABUUGGUUACCUAGGAAUUCUAAAA
GUCUUUUGUGAAUAAAACAAAGAAUUCAAUACUGAACCACUCAGUCCCACGGACAUCCUUCACCGAACAUGUAUUA
GGGUCGAGACGUUUCGAGAGAGCUGUCGUUUACCAAAGGGGAGUGGAGAUMUAAUUUCUUCCUUGAGGUUUCAA
UGACUUUAGAGUCCCGUACUUGUUCCGUUUCCGGUAUAUAUAUAUAUAUALAUAUAGACAUAUGUAUAAUAUAUA
UGAAUAAAUGUGGACACAGAUAUAUAAACGGGGACACAUAAAACUUAUAAA CACACCUGUACAAACGUAUCGGAA
GGGUAAUGAUUCUGAUAAUGGAUCAGUAUUAAUAAAAAAGUUACUAUUAGG AAGUAUUAAAUAAUAUGUUAAAU
AGUAAGUCUUUCGUUAUUAAUUUUUUCAAAUGUUACUGACCUUUCUAAGGAACAUUAAACUCAU AUUUACAUAAA
AACAGAACACCGGUAAGAAACAUCUAUUAAAGACGUGUAGACAUAUUCAUG GAUUCUAAAUCAAUUUGUUUAUAU
ACUGAAGUCAGUUGGAGAGAGAGAUUAUUACCAAACUUUUACUCCAAACCCAUUAACGGUUACAACCUGUCAACU
ACACAAGUAAGGACCCUAGGAUAGUAAACUUGUCGUAACAUGUAUUGAACCCCCAUACACACGUCCUAAUGGGUUC]
UUAUUGAAUUCAUCUUCUUUGUUCUUUCCCUUAGAACAUAUAAAAACAACU AUCAAGUACAAAAAGGGGGUCGGU
GUUAAAAUGGCCUUCCCACUGUCCUUCCGAAAUGGUUGGACAGAGAGGGAGUUUUCUCGUCUUAGGAGGGUGGC
GGGACGGGAGGGGUGGCUCAGGACACCGGUAAGUCUCGCCGGUGUACUGAACGUAGGUAACAUAAUAGUCUUU
UACACUUCUUCUUUUUUUACGGUACAAAAUUUUGGUGACGCUUUUAAAGGGBSUUUCGUAUCCACCGAAACACACA
CACGCUAAACCCCCGAACUCAGACCCACCACAAAACAACAACCAAAAACAACGAAAAAAAAAAAAAAAAAAAAAUU
ACAGUUUUAACGUGUUUGUACCACGAGAUGGUCCUUCCUAAGCUCCAUCUNCCGAGUCCGGUGUGAAAUUUUUG 3’lJ11?
UUUGUGUGUUUGUUGUUUUUUGCCCAUAAGAUCAGUAGAACCCCAUUUUCECCAUUACUUGUAAGGAUAGGGGU
UGUGUAGUUAACAUAAAAAAGACAUUUUGAGUCUAAAAGGAGUCAUAAACA CAAAAAUGUAAAAUACCAAUUAAA
UUACCUUCUACUUUCCCGUAACGUUUCAACAAGUUGUUGUCAAUGGAGUAACUCACACAGGUCAUCACGUCCUUUA
CUACAGAAUAGAUUACUAAACGAAGAGAUCUCCUCUUUGGCUCAUUUA CACGAGGUCGUUCUAUCUGAAACACAA
UAAGAUAGAAAAUAAGACGAUUCGGGUUUCUAAUGUACAACCACAAGUUUC ACAUCGUUUUUUACUACAUAUAAA
UAUUUA GAUAAAUAUGGUGAUAUAGUAUACAUAUAUAUAAAUAUUGGUGA AUUUAACACUCGGUUCGGUACAUUU
UCUAGAUGAAAAAGAUUCCCGUUUUUUUUUUUUUUUUUUUUUUCUUGUGAGGAAAGACUCUGAAACGAAUUAUGA
ACCACUGGAGUGUUAGUGCAGCCAUACUAACCCGUGGGAACGGAUGACAUBUCUGGGAUUUUGGAACCACGUCACQ
CACCCCUGGUGUUUUGUUGGUCCCUCCUUCUCUAUGUAGUAAAAAAUCAUAUUCCUGGUAGAUUCUGUCGAGAU
AAAAAAAAAACGGUGAAAUACUAAUACACCAGUGUGGGUUCAGUGUCUUUA UUUUUUGACUGAAAUGGCGACGUU
AAAAAGACAAAAGGAGGAAUG AUUUAUGACUAUGUAAUGAGGUUAGAUAAAAUAUUAAUAUAAACUGUAAAACA
AGUGUAGUUGAUUACAAGUGGACAUCUUCUCUUGUUUAAAGCUUAUUAGGUCCCUUUGGGUUCUCGGAAUGACCA
GAAGACAUUGAAGGUUCUGACUGUCGAAAAAUACAUAGUCACAAACUAUUU GUGUCAGGAAUUGACUUCCAUUUG
GUUUCGUAGUGCAACUGUAAUCUGGUUUAUGAAAACUAAGGGUUGAUGAGQAAACAAGAAAAAGAGGAAAACACG
AAAGGGUAUCACUCUUAAAAAUAUUUCUGAAGAACGAAGAGAGUGGUAGGUAGGAAGAGAAAAGACGGAGAAUGU
ACACUUACAACUCGGGUGUUAGUUGUCACCAAAAUAAAAAAGGAGAUGAUUUCAAUUUUGACUGGUUUCAAUGAC
CGAAAAAUGAAACGAUCUUGUUGUUUGAUAGAAUACAAAUGUAUGACCAAA UGUUACAAUAAAUACACGUUUAAC
AGUUUUACAUUUAAUUUA UAUUUA CAAGUACGAAAUGGUUUUA v 31

' 5" UTR

»d
P <

»nd
| ]

Figure 5-16| Human blimpl mRNA sequenceThe Figure shows the human blimpl
MRNA sequence NM_001198.3 (5165 bp).The sequence shown in red represents the
ORF region whereas the sequence shown in black represents either 5’ UTRT& 3’ U
region. The exact position of the pentameric ARE motif (AUUUA) is highlighted in
yellow.

(Data obtained from http://www.ncbi.nlm.nih.gov/nuccore/NM_001198.3)
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Figure 5-17| Analysing the effect of ZFP36L1 expression on the stability of

blimpl mRNA. A total of 4 x1& 293T cells were seeded a day prior to transfection. After 24
hours, the cells were (a) transfected 100ng of pMirTarget.3'UTR.blimp1 alpoe-(b
transfected with100ng of pMirTarget.3'UTR.blimp1 and 200ng of pcDNAG/His.zfp3&i1

(c) co-transfected with 100ng of pMirTarget.3'UTR.blimp1 and 200ng of
pcDNAG6/His.zfp36l1. For normalization purposes all cells were tramsfegith 10ng of the
Renillaluciferase construct. Post transfection (24 hokrgfly andRenillaluciferase activity
were analyzed with Dual luciferase reporter assay system attaustar Optima plate reader.
Firefly luciferase activity was normalised to tRenillaluciferase activity and the data shown
is relative to the level of luciferase activity in cells traaséd with pMirTarget.3'UTR.blimp1l
alone. Error bars represent the mean + SD of four independent experimeistsceBiya
significant differences were determined by Student's t-test, * = p< 0.05.

5.3 Discussion

The role of ZFP36L1 in regulating plasma-cell differentiation was investigasing

the murine B-cell lymphoma 1 (BCL-1) cell line. These cells can be induced to
undergo plasmacytic differentiation in response to stimulation with cytokir2sind
IL-5 and provide a usefuh-vitro model system to study plasma-cell differentiation
(Sciammas & Davis 2004). It was observed that stimulation with IL-2 and IL-5
resulted in a decrease in cell proliferation and an increase in IgM productBDLb¥
cell, a phenotype associated with cells undergoing plasmacytic difegrentisee

Figure 5.1 and 5.2. BCL-1 cells were found to express relatively high levels of
ZFP36L1 and the cytokine-induced plasmacytic differentiation was assbuwitle
downregulation of ZFP36L1 expression, see Figure 5.5. This was also refletted at t
MRNA level, the cytokine-induced plasmacytic differentiation of BCL-1 cedls
associated with a downregulation in zfp36/1 mMRNA expression and an upregulation in
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blimpl mRNA expression, an important regulator for plasma-cell diffetenmtia

(Diehl et al. 2008), see Figure 5.4. LPS-induced plasmacytic differentiatiomafrpr
murine splenic B-cells was also associated with a downregulation in zfp36|1AMRN
expression and an upregulation in blimpl mRNA expression, see Figure 5.6. An
inverse expression pattern between the zfp36/1 and blimpl mRNAs was observed
during plasmacytic differentiation of both BCL-1 cells and primary murinengpkg>
cells. Together, the results suggested an association of a downregulation odf ZFP36

expression in plasma-cell differentiation process.

In order to determine a direct involvement of a downregulation of ZFP36L1 expressi

in plasmacytic differentiation process, lentiviruses expressing shRitigeting the

zfp36l/1 MRNA were employed to downregulate ZFP36L1 expression in BCL-1 cells
see Table 5.1. Efficient downregulation of zfp36/1 mMRNA expression and ZFP36L1
protein expression was established only in unstimulated BCL1.zfp36I1.RNAi cells, see
Figure 5.8 and 5.9.

It was observed that BCL1.zfp36I1.RNAI cells (both RNAI.1 and RNAI.2) produced
higher amounts of IgM compared with control cells (BCL1.scramble.RNAI), see
Figure 5.12. This suggested that a downregulation of ZFP36L1 expression in BCL-1
cells results in an increase in IgM production (a phenotype associated ith 8€lls
undergoing plasmacytic differentiation). This effect on IgM productionamis

observed in unstimulated cells where efficient downregulation of ZFP36L1 skpres
was established. As mentioned in the results section, this effect on IgM poaducti
would need to be confirmed by a phenotype rescue experiment, until then it would not
be possible to confirm whether this effect is specifically due to downregulation of
ZFP36L1 expression. Nonetheless, the results seem to be consistent with ZFP36L1
expression negatively regulating differentiation and would support the hypothesis
proposed by Wegmuller et al in 2007. In their study, Wegmuller et al reported tha
high levels of ZFP36L1 expression was associated with maintaining the murine
embryonic stem cells in an undifferentiated state and the downregulation of ZFP36L1
expression (through gene specific shRNAs) induced the embryonic stem cells to
differentiate into becoming cardiomyocytes (Wegmuller et al. 2007). Furthermore
another recent study reported a role of ZFP36L1 in negatively regulating/thel
differentiation of stem cells by directly targeting stat5b mRNA (Viggiluét al.
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2010).

The mRNA expression of transcription factors regulating late B-cell develnt

(blimpl, xbp1l, irff4 and bcl6) was analysed in BCL1.zfp36I1.RNAI cells by Q-RT-

PCR, see Figure 5.13 and 5.14. The purpose was to investigate whether
downregulation of ZFP36L1 expression had any effect on the level of expression of
these known plasmacytic differentiation regulating transcription factorsteécés

showed that downregulation of ZFP36L1 expression in BCL-1 cells (established in
unstilulated cells only) did not affect the level of xbp1l, irf4 and bcl6 mMRNA

expression. The level of blimpl mRNA expression was higher (1.5 fold higher) only in
BCL1.zfp3611.RNAI.1 cells and not in BCL1.zfp3611.RNAI.2 cells. As mentioned in

the results write up, it could only have been possible to conclude after observing higher
levels of blimpl mMRNA and BLIMP1 protein expression in both

BCL1.zfp3611.RNAI.1 and BCL1.zfp36l1.RNAI.2 cells and after performing a
phenotype rescue experiment whether this effect was specifically due to a
downregulation of ZFP36L1 protein expression. As this was not the case, no clear
conclusions could be drawn whether ZFP36L1 targets the blimpl mRNA. Results from
luciferase reporter gene assay suggested that ZFP36L1 may be aldeatt with the

3’ UTR region of the blimpl mRNA, see Figure 5.17. However the experiment was

not adequately controlled to draw any conclusion.

The zfp36l1 mMRNA expression generally showed an inverse correlation with the
blimpl mRNA expression in human B cell lines reflecting various stages efl B-c
development, see Figure 5.7. The zfp36l/1 mRNA expression was high in pre-B and
mature B cell lines but low in myeloma cell lines. In comparison, the blimpl mRNA
expression was low/undetectable in pre-B and mature B cell lines but high mnmayel
cell lines. High levels of ZFP36L1 expression was also found in human tonsillar
germinal centres (Murphy et al, unpublished data) and this coupled with its
downregulation in plasma-cells suggests that ZFP36L1 expression mayptiatass
with maintaining the cells is a non-differentiated state and is subsequently
downregulated when B-cells receive plasmacytic differentiatiaraisgZFP36L1 has
recently been reported to be mutated in myeloma cells, known to express higbfievels
BLIMP1 (Chapman et al. 2011).
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All'in all, the results from this part of the project seem to suggest a role G6ZEm
negatively regulating plasma-cell differentiation, although this findirgledéurther

investigation.
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Chapter 6

Conclusions
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There is increasing recognition now, as highlighted by Hodson et al in 2010 that gene
expression during lymphocyte development is also subject to regulation by post-
transcription mechanisms. Studies have been conducted investigating the role of
ZFP36 in T-cells. Ogilvie et al in 2005 reported that ZFP36 downregulates IL-2
MRNA expression in primary T-cells through ARE-mediated mRNA decay. More
recently, Hodson et al established a role for both ZFP36L1 and ZFP36L2 in ttgmoc
development (Hodson et al. 2010). While there have been a few studies investigating
the role of the different members of the ZFP36 protein family in T-cells, tefi
research in B-cells has not drawn much attention to date. Frasca et al in 20@trepor
an involvement of ZFP36 in the degradation of the E47 mRNA, a transcription factor
necessary for class switch recombination and somatic hypermutatioe@gdtes the
gene for activation-induced cytidine deaminase AID (Frasca et al. 2007). The
knowledge about the function of ZFP36L1 and its role in post-transcriptional
regulation in B-cell development is extremely limited. Therefore, the pyiaien of

this project was to investigate role of ZFP36L1 in regulating B-cellldpreent, in

particular late B-cell development (plasma-cell differentiation).

For this investigation, pSicoR, a lentiviral-based RNAI vector, was used to
downregulate the expression of ZFP36L1 in BCL-1 cells (murine B-cell lymphoma
cell line). Efficient downregulation of ZFP36L1 expression was establishine
transduced RNAI cells (BCL1.zfp3611.RNAI cells). It was observed that
BCL1.zfp3611.RNAI cells produced higher amounts of IgM compared with control
cells. This result suggested that a downregulation of ZFP36L1 expression in BCL-1
cells results in an increase in IgM production (a phenotype associated viith 8€lis
undergoing plasmacytic differentiation). The results seem to be congsiste other
studies suggesting a role of ZFP36L1 in negatively regulating diffetientialthough
this would need to be investigated further. Furthermore, LPS-induced diffacemaét
primary murine splenic B-cells was also associated with downregulatiép36l%
MRNA expression whereas analysis of zfp3611 mMRNA levels in human B cell lines
representing various stages of B-cell development revealed generalbviels of
zfp36l/1 mMRNA in myeloma cells.

In the future, a number of experiments could be undertaken to strengthen the results

from this study. Although the BCL-1 cells provide a uséiftNitro model system to

125



Chapter 6 —Conslusions

study plasma-cell differentiation, the effect of ZFP36L1 downregulatioromgting
plasmacytic differentiation could be further investigated in normal B-delksould be
interesting to investigate the role of ZFP36L in B-cell developnmevivo. The

generation of zfp36l1 gene knockout mice using the conventional methods involving
homologous recombination have not been very successful as the mice die in the very
early stages of development (Stumpo et al. 2004). The lentiviral based RNAI plasmid
(pSicoR) has been successfully used to achieve conditional and tissues specific
downregulation of the target protein in Cre-expressing transgenic mice (Vehalra
2004) and could be used to investigate the role of ZFP36L in B-cell development

Vivo.

Results from the luciferase gene assay suggested that ZFP36L1 may vntbrédoe
3'UTR region of the the blimpl mRNA, although the results were by no means
conclusive. Further experiments could be undertaken in this regard. It would be useful
to consolidate luciferase gene assay with the inclusion of extra contritsiloaly, a
reporter construct with mutated 3'UTR region of blimpl mRNA. In addition, it would
be interesting be to monitor blimpl mRNA degradation kinetics in
BCL1.zfp3611.RNAIi and control cells. Appropriately controlled REMSA experiments
could establish whether ZFP36L1 binds directly to the AREs in the blimpl mRNA.
Further work is required to establish which gene (or set of genes) is targeted b
ZFP36L1 in B-cells. Detailed analysis of the physiological mMRNA tamgfefs-P36L1

in B-cells could be investigated by RNA binding protein immunoprecipitation-
microarray (RIP-Chip) methods. Recently, this techniques was used to iageRINA
targets that associate with ZFP36 in macrophages activated by lipopolysdechari
(LPS) (Stoecklin et al. 2008).

In conclusion, the results of the present study have provided new insights into gene
expression changes that control plasma-cell differentiation. The resultstaedythat
ZFP36L1 may be part of a set of genes that are downregulated in B-ceity duri
plasma-cell differentiation. These results also suggest a role GeLERN negatively
regulating B-cell plasmacytic differentiation. A better understandfrigFP36L1 and

its targets in B-cells would provide major insights into the mechanismsthdate B-

cell development.
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Appendix A Rational siRNA design for RNA
interference

Reynolds et al 2004 performed a detailed study to address factors deterifhAg s
functionality. A panel of 180 siRNAs targeting every other position of twelkiE&e regions
of firefly luciferase and human cyclophilin B mRNA (90 siRNA per gene) wpadyzed.
After observing varying silencing abilities by the siRNAs they propds&icthe functionality
is determined by the siRNA-specific properties rather then the mRigAttaroperties.

The siRNAs that induced more than 50% silencing were sorted as the funciéasatF50,
similarly siRNAs capable of more than 80% and 95% gene silencing wesd asrtF80 and
>F95 respectively. The most functional siRNAs (>F95) had a low GC cardrthis was
selected a criterion | for siRNA functionality. Altogether eight cidtessociated with sSiRNA
functionality were identified, see Table A.1. All eight criteria wesenbined into an algorithm
and used to evaluate the siRNA functionality. The programme PSICOL®R v1.5 used
to identify shRNAs targeting zfp3611mRNA was based on a set of cniggg@ated in this
study.

Table A.1| Functional class distribution of siRNAs for each criterion

Criterion Functional group | siRNAs (%)
< F50 19.0
> F50 81.0
I. 30% - 52% G/C content > F80 55.5
> F95 19.0
< F50 16.5
> F50 83.5
1l. At least 3 ‘A/U’ bases at position 15 — 19r{se strand) > F80 59.2
> F95 21.4
< F50 18.5
> F50 81.5
Ill. Absence of internal repeats (Tm of potentieérnal hairpin is £26:C) > F80 56.5
> F95 19.4
< F50 16.2
” > F50 83.8
IV. An ‘A’ base at position 19 (sense strand) > F80 70.6
> F95 25.0
< F50 20.3
> F50 79.7
V. An ‘A’ base at position 3 (sense strand) > F80 57.8
> F95 26.6
< F50 16.7
> F50 83.3
VI. A ‘U’ base at position 10 (sense strand) > F80 63.9
> F95 30.6
< F50 14.6
> F50 85.4
VII. A base other than ‘G’ or ‘C’ at 19 (sense stia > F80 66.0
> F95 21.4
< F50 17.4
. > F50 82.6
VIII. A base other than ‘G’ at position 13 (serssand) > F80 57.6
> F95 21.2

Table A.1 Reproduced from Reynolds et al. 2004.
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Appendix B Plasmids Data
B.1 Plasmid 11579: pSicoR

Table B.1.1| Plasmid 11579: pSicoR, General description

Genelinsert name

none

Insert size (bp)

Unknown

Relevant mutations/deletions:

EGFP is expressed from this plasmid as a markeit lsunot a
fusion protein. EGFP and the shRNA oligo are flahkg LoxP
sites. Cre causes both to be recombined out afdhstruct,
turning off ShRNA expression.

Vector backbone

pSicoR

Type of vector

Mammalian expression,Lentiviral, RNAi,Cre/Lox

Backbone size (bp)

7567

Cloning site 5' Hpal

Site destroyed during cloning No

Cloning site 3' Xhol

Site destroyed during cloning No

5' Sequencing primer muU6-F
Bacteria resistance Ampicillin
High or low copy High Copy
Grow in standard E. coli @ 37C Yes
Plasmid Provided In DH5a
Principle investigator Tyler Jacks

AmpR_promoter
Ampicillin
Fspl 6869

ORF

6300

pBR322_origin

. E 5670

truncHIV-1_3 LTR
HIV-1 5 LTR
U3PPT

cPPT ORF % 5040
Pvull 5213 /:

Kopnl 5186 \

pBluescriptKS_primer

Sacll 4959
WPRE

loxP
EcoR14348
EGFP_C_primer
EGFP

Spel 261
CAG_enhancer
CMV_immearly_promoter
CMV_fwd_primer
HIV-1_5_LTR
truncHIV-1_3_LTR

Narl 1028
N HIV-1_psi_pack
‘\ RRE
1260 \
pSicoR 1590
7567 bp
2520 }é ORF
// <
X a
X Hpal 2944 Pstl 2429
Xhol 2959 cPPT
BamHI 2970
Apal 2621
NotI 2982 Xbal 2625
h CAG_enhancer loxP
CMV_immearly_promoter

CMV_fwd_primer
CMV_promoter
ORF Nhel 3606

Agel 3615
EGFP_N_primer

Figure B.1.1| Plasmid 11579: pSicoR Schematic representation of selected
features and unique restriction sites
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Selected features

CAG_enhancer

CMV_immearly_promoter

CMV_fwd_primer

HIV-1 5 LTR
truncHIV-1_ 3 LTR
HIV-1_psi_pack
RRE

ORF frame 1
cPPT

loxP

CAG_enhancer

CMV_immearly_promoter

CMV_fwd_primer
CMV_promoter
EGFP_N_primer
EGFP

ORF frame 1

ORF frame 1
EGFP_C_primer
loxP

WPRE
pBluescriptKS_primer
ORF frame 2
cPPT

U3PPT
HIV-1 5 LTR
truncHIV-1_ 3 LTR
pBR322_origin
ORF frame 1
Ampicillin
AmpR_promoter

327 - 614
248 - 824
781 - 801
844 - 1024
844 - 1024
1135 - 1179
1695 - 1928
1573 - 2460
2459 - 2474
2826 - 2859
3080 - 3367
3025 - 3577
3534 - 3554
3535 - 3604
3694 - 3673
3628 - 4344
3628 - 4347
4383 - 3613
4281 - 4302
4367 - 4400
4458 - 5045
5064 - 5048
4559 - 5599
5236 - 5251
5236 - 5257
5573 - 5753
5573 - 5753
6419 - 5800
7434 - 6574
7434 - 6574
7504 - 7476

Unique restriction
sites
Spel
Narl
Pstl
Apal
Xbal
Hpal
Xhol
BamH
Notl
Nhel
Agel
EcoR
Sacll
Kpnl
Pvull
Fspl

261
1028
2429
2621
2625
2944
2959
2970
2982
3606
3615
4348
4959
5186
5213
6869

Table B.1.2| Plasmid 11579: pSicoR, Selected features and unique restriction sites

[Plasmid 11579: pSicoR selected data extracted on September 10, 2009 from
http://www.addgene.org/pgvecl?f=c&cmd=findpl&identifier=11579&attag=n]
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B.2 Plasmid 12090: pSicoR p53

Table B.2.1| Plasmid 12090: pSicoR p53, General description

Genelinsert name p53 shRNA
Alternative names p53
Insert size (bp) 55

Genefinsert aliases

Trp53, bbl, bfy, bhy, p53

Species of gene(s)

M. musculus (mouse)

Relevant mutations/deletions

EGFP is expressed from this plasmid as a markeit ®unot a
fusion protein. EGFP and the shRNA oligo are flahkg LoxP
sites. Cre causes both to be recombined out afdhstruct,
turning off p53 shRNA expression.

Vector backbone

pSicoR

Type of vector

Mammalian expression,Lentiviral,RNAi, Cre/Lox

Backbone size (bp)

7560

Cloning site 5' Hpal

Site destroyed during cloning: Yes
Cloning site 3' Xhad

Site destroyed during cloning No

5' Sequencing primer muU6-F
Bacteria resistance Ampicillin
High or low copy High Copy
Grow in standard E. coli @ 37C Yes
Plasmid Provided In DH5a
Principle investigator Tyler Jacks

AmpR_promoter
Ampicillin
Fspl 6909

ORF

6330

pBR322_origin

P E 5697

truncHIV-1_3 LTR
HIV-1 5 LTR
U3PPT

cPPT ORF % 5064
Pvull 5253

Kpnl 5226

pBluescriptKS_primer

Sacll 4999

WPRE

loxP
EcoR14388
EGFP_C_primer
EGFP

Spel 261
CAG_enhancer
CMV_immearly_promoter
CMV_fwd_primer
HIV-1_5_LTR
truncHIV-1_3_LTR

Narl 1028
HIV-1_psi_pack
RRE
1266
SicoR p53
& £ 1899
7607 bp
2532 ORF
/ -
PaR
oreess Pstl 2429
0
BamHI 3010 ol 2601
NotI 3022 p
Xbal 2625

CAG_enhancer
CMV_immearly_promoter
CMV_fwd_primer
CMV_promoter

ORF Nhel 3646

Agel 3655
EGFP_N_primer

loxP

Figure B.2.1| Plasmid 12090: pSicoR p53 Schematic representation of selected
features and unique restriction sites
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Selected features

Unique restriction
sites

CAG_enhancer 327 - 614/ Spel 261
CMV_immearly_promoter 248 - 824 Narl 1028
CMV_fwd_primer 781 - 801 Psitl 2429
HIV-1 5 LTR 844 - 1024, Apal 2621
truncHIV-1_3 LTR 844 - 1024| Xbal 2625
HIV-1_psi_pack 1135 - 1179 Xhd 2999
RRE 1695 - 1928/ BamH 3010
ORF frame 1 1573 - 2460 Notl 3022
cPPT 2459 - 2474, Nhel 3646
loxP 2826 - 2859 Agel 3655
CAG_enhancer 3120 - 3407, EcoR 4388
CMV_immearly_promoter 3065 - 3617 Sacll 4999
CMV_fwd_primer 3574 - 3594, Kpnl 5226
CMV_promoter 3575 - 3644 Pvull 5253
EGFP_N_primer 3734 - 3713 Fspl 6909
EGFP 3668 - 4384
ORF frame 2 3668 - 4387
ORF frame 2 4423 - 3653
EGFP_C_primer 4321 - 4342
loxP 4407 - 4440
WPRE 4498 - 5085
pBluescriptKS_primer 5104 - 5088
ORF frame 3 4599 - 5639
cPPT 5276 - 5291
U3PPT 5276 - 5297
HIV-1 5 LTR 5613 - 5793
truncHIV-1_3_LTR 5613 - 5793
pBR322_origin 6459 - 5840
ORF frame 2 7474 - 6614
Ampicillin 7474 - 6614
AmpR_promoter 7544 - 7516

Table B.2.2| Plasmid 12090: pSicoR p53, Selected features and unique restrictiotesi

[Plasmid 12090: pSicoR p53, selected data extracted on September 10, 2009 from
http://www.addgene.org/pgvecl?f=c&cmd=findpl&identifier=12090&attag=n]
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B.3 Plasmid 12253: pRSV-Rev

Table B.3.1| Plasmid 12253: pRSV-Rev, General description

Genel/insert name Rev

Insert size (bp) Unknown
Genelinsert aliases rev
Species of gene(s) Other
Vector backbone pRSV-Rev

Type of vector

Mammalian expression, Lentiviral, Packaging

Backbone size (bp)

4174

5' Sequencing primer pREP fwd
Bacteria resistance Ampicillin
High or low copy High Copy
Grow in standard E. coli @ 37C | Yes
Plasmid Provided In DH5a
Principal Investigator Didier Trono

pBR322_origin

ORF

Ampicillin

AmpR_promoter
Aatll 2242
pGEX_3_primer

lac_promoter
M13_pUC_rev_primer
M13_reverse_primer

Xhol 634
Sacl 641
LNCX_primer
BamHI 928
HIV_Rev_NES

pRSV-Rev

4174 bp

Bglll 1223
AL 1252
Narl 1459

fl origin

pREP_fwd_primer

M13_forward20_primer

Figure B.3.1| Plasmid 12253: pRSV-Rev, Schematic representation of selected

features and unique restriction sites
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Table B.3.2| Plasmid 12253: pRSV-Rev, Selected features and unique restrictionesi

Selected features Unique restriction
sites

lac_promoter 143 - 172| Xhol 634
M13_pUC_rev_primer 186 - 208, Sacl 641
M13_reverse_primer 207 - 225/ BamH 928
pREP_fwd_primer 579 - 597 Bglll 1223
LNCX_primer 638 - 662 Aflll 1252
HIV_Rev_NES 978 - 1007| Narl 1459
M13_forward20_primer 1206 - 1190| Aatll 2242
f1_origin 1549 - 1855

pGEX_ 3 primer 2123 - 2145

AmpR_promoter 2304 - 2332

ORF frame 1 2374 - 3234

Ampicillin 2374 - 3234

pBR322_origin 3389 - 4008

[Plasmid 12253: pRSV-Rev, selected data extracted on September 10, 2009 from
http://www.addgene.org/pgvecl?f=c&cmd=findpl&identifier=12253&attag=n]
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B.4 Plasmid 12251: pMDLg/pRRE

Table B.4.1| Plasmid 12251: pMDLg/pRRE, General description

Genelinsert name HIV-1 GAG/POL

Insert size (bp) Unknown

Species of gene(s) Other

Vector backbone pMD

Type of vector Mammalian expression, Lentiviral, Packaging

Backbone size (bp) 8895

5' Sequencing primer CMV Fwd

Bacteria resistance Ampicillin

High or low copy High Copy

Grow in standard E. coli @ 37C | Yes

Plasmid Provided In DH5a

Principal Investigator Didier Trono
AmpR-promoter SV40pro_F_primer
Ampicillin CAG_enhancer
Fspl 8195 Ndel 410

CMV_immearly_promoter
CMV_fwd_primer
CMV_promoter
pCEP_fwd_primer
LNCX_primer
\V2_promoter

8892

bGlob_int
Pmil 1405
Clal 1478
Gag_HIV (variant)

pBR322_origin

pMDLg/pRRE
8895 bp

Sacll 6155 ORF
RRE
Bell 3082
ORF
cPPT EcoRV 2
AfIIT 5396 e

Figure B.4.1| Plasmid 12251: pMDLg/pRRE, Schematic representation of
selected features and unique restriction sites

134



Appendixes

Table B.4.2| Plasmid 12251: pMDLg/pRRE, Selected features and igue restriction sites

Selected features

SV40pro_F_primer 59 - 40
CAG_enhancer 241 - 528
CMV_immearly_promoter 162 - 738
CMV_fwd_primer 695 - 715
CMV_promoter 696 - 765
pCEP_fwd_primer 739 - 758
LNCX_primer 741 - 765
CMV2_promoter 708 - 827
bGlob_int 1015 - 1398
ORF frame 3 1437 - 2945
Gag_HIV(variant) 1437 - 2945
ORF frame 2 3011 - 5749
cPPT 5438 - 5453
RRE 5774 - 6007
pBR322_origin 7745 - 7126
ORF frame 1 8760 - 7900
Ampicillin 8760 - 7900
AmpR_promoter 8830 - 8802

Unique restriction
sites
Ndel
Pmll
Clal
Bcll
EcoRV
Agel
Aflll
Sacll
Fspl

410
1405
1478
3082
3632
4138
5396
6155
8195

[Plasmid Plasmid 12251: pMDLg/pRRE, selected data extracted on Septempedd.from
http://www.addgene.org/pgvecl?f=c&cmd=findpl&identifier=12251&attag=
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B.5 Plasmid 12259: pMD2.G

Table B.5.1| Plasmid 12259: pMD2.G, General description

Genel/insert name VSV G

Insert size (bp) Unknown

Species of gene(s) Other

Vector backbone pMD2.G

Type of vector Mammalian expression,Envelope

Backbone size (bp) 5824

5' Sequencing primer CMV Fwd

Bacteria resistance Ampicillin

High or low copy High Copy

Grow in standard E. coli @ 37C | Yes

Plasmid Provided In DH5a

Principal Investigator Didier Trono
AmpR_promoter-._ _Apal 18
Ampicillin S ~_SV40pro_F_primer

Fspl 5124 Ny " ,CAG_enhancer
N -~~~ /,CMV_immearly_promoter
/ CMV_fwd_primer

CMV_promoter
pCEP_fwd_primer
~_~LNCX_primer

_~CMV2_promoter

~HindIII 835

bGlob _int
_~PmlI 1405

Clal 1429

pBR322_origin—"
Eagl 3881
Notl 3881
Mscl 3726

\ VSV'G
~_ Pstl 2238
~Agel 2431
~__ "Bcll 2534
~BstBI 2711

Figure B.5.1| Plasmid 12259: pMD2.G, Schematic representation of selected
features and unique restriction sites
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Table B.5.2| Plasmid 12259: pMD2.G, Selected features and unique restriction site

Selected features Unique restriction
sites

SV40pro_F_primer 59 - 40 Apal 18
CAG_enhancer 241 - 528 Hindlll 835
CMV_immearly_promoter | 162 - 738 Pmil 1405
CMV_fwd_primer 695 - 715 Clal 1429
CMV_promoter 696 - 765 Pstl 2238
pCEP_fwd_primer 739 - 758 Agel 2431
LNCX_primer 741 - 765 Bcll 2534
CMV2_promoter 708 - 827 BstBI 2711
bGlob_int 1015 - 1398 | Mscl 3726
vsv-G 1450 - 2973 | Notl 3881
ORF frame 1 1450 - 2985 | Eagl 3881
pBR322_origin 4674 - 4055 | Fspl 5124
ORF frame 2 5689 - 4829

Ampicillin 5689 - 4829

AmpR_promoter 5759 - 5731

[Plasmid 12259: pMD2.G, selected data extracted on September 10, 2009 from
http://www.addgene.org/pgvecl?f=c&cmd=findpl&identifier=12259&attag=n]
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B.6 pcDNAG6/His.zfp36I1

The expression construct, pcDNA6/His.zfp3611, was kindly provided by Dr. Christoph
Moroni, University of Basel, Switzerland. It was constructed by introdugg
sequences corresponding to the ORF region of the human zfp3611 mRNBamtd-
EcoRV sites of the plasmid pcDNAG6/His.A (Invitrogen, Cat. No. V22220). Also
provided was the mutant expression construct pcDNAG6/His.zfp3atlch was
constructed by site directed mutagenesis (mutations were introduced laynge e

first cysteine residue of either zinc finger domain with an arginine).ilBDetathese
constructs are available in the paper by Stocklein et al. 2002. In the paper the
constructs pcDNAG6/His.zfp36l1 and pcDNA6/His.zfp36Hre refered as

bsdHisBRF{yt and bsdHisBRFd;20rrespectively.

The Figure B.6.1 below summarizes the features of the pcDNA6/His™ vectors. The
sequences for pcDNAG6/His™ A, B, and C are available for downloading from Web
site www.invitrogen.com.

®
= ~=
I ﬁ ATG | 6xHis me:; EK Raglatgenltlnn g‘é_

pcDNAG6/His™
A B,C
5.2 kb

Comments for pcDNAG/His™ A:
5149 nucleotides

CMV promoter: bases 209-863
T7 promoter/priming site: bases 863-882
ATG initiation codon: bases 920-922
Polyhistidine region: bases 932-249
Xpress™ epitope: bases 989-1012
Enterokinase recognition site: bases 998-1012
Multiple cloning site: bases 1012-1085

BGH reverse priming site: bases 1105-1122

BGH polyadenylation signal: bases 1108-1335

f1 origin: bases 1389-1809

SV40 promoter and origin: bases 1837-2144

EM-7 promoter: bases 2192-2247

Blasticidin resistance gene: bases 2266-2664

SV40 polyadenylation signal: bases 2822-2952

pUC origin: bases 3335-4008

bla promoter bases: 5014-5112 (C)

Ampicillin (bla) resistance gene: bases 4153-5013 (C)
(C) = Complementary strand

Figure B.6.1| Map of pcDNAG/His™
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Features of pcDNAG/His"
pcDNAG/His™ A (5150 bp), pcDNA6/His™ B (5151 bp), and pcDNAG6/His™ C

(5149 bp) contain the following elements. All features have been functionally tested.

Table B.6.1| Features of pcDNAG/His"

Feature
Human cytomegalovirus (CMV)
immediate-early
promoter/enhancer
T7 promoter/priming site
N-terminal polyhistidine tag

Xpress™ epitope tag

Enterokinase cleavage site

Multiple cloning site in three
reading frames

BGH reverse priming site
Bovine growth hormone (BGH)
polyadenylation signal

f1 origin

SV40 early promoter and origin
EM-7 promoter

Blasticidin resistance gene (bsd)

SV40 polyadenylation signal

pUC origin
Ampicillin resistance gene{
lactamase)

Benefit

Permits efficient, high-level expression of your
recombinant protein (Andersson et al., 1989;
Boshart et al., 1985; Nelson et al., 1987)

Allows for in vitro transcription in the sense
orientation and sequencing through the insert
Permits purification of your recombinant protein on
metal-chelating resin such as ProBond™

Allow detection of your recombinant protein with
the Anti-Xpress™ Antibody (Catalog no. R910-25)
Allows removal of the N-terminal polyhistidine tag
from your recombinant protein using an
enterokinase such as EnterokinaseMax™ (Cataldg
no. E180-01)

Allows insertion of your gene and facilitates
cloning in frame with the Xpress™ epitope and
N-terminal polyhistidine tag

Permits sequencing through the insert

Efficient transcription termination and
polyadenylation of mMRNA (Goodwin and Rottman,
1992)

Allows rescue of single-stranded DNA

Allows efficient, high-level expression of the
blasticidin resistance gene and episomal replinatio
in cells expressing the SV40 large T antigen
Synthetic promoter based on the bacteriophage 1|7
promoter for expression of the blasticidin resistan
gene in E. coli

Selection of transformants in E. coli and stable
transfectants in mammalian cells (Kimura et al.,
1994)

Efficient transcription termination and
polyadenylation of mMRNA

High-copy number replication and growth in E. coli
Selection of transformants in E. coli

Data extracted from pcDNA6His manual, pcDNA6/His™ A, B, and C, Catalog no.
V222-20, Version C, 051302, 25-0237
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B.7 pLenti-CMV-m-zfp36I1

pLenti-CMV-m-zfp3611 (ABM, Cat. No. LV035728) is a lentiviral based expression
vector cloned with the zfp36l1 cDNA insert. pLenti-llI-HA (ABM, Cat. No. LV(22
an empty vector.

Table B.7.1| pLenti-CMV-m-zfp36l1, General description

Gene insert zfp36I1
Accession Number NM_007564.5
Vector pLenti-lll-HA
Vector size 8183bp
Insert siz: 1017by
Specis Mouse
Tags N.A.
Selection Marker Kanamycin
Format Plasmid
Nhel Xmal Clal Mfel Scal
5’-- GCT AGC CCC GGG ATC GAT CAA TTG AGT ACT
SnaBl Kpnl
TAC GTA GGT ACC CCA GTG TGG TGG CCT GCA GGT
EcoRI Spel Agel Stul Sall EcoRV
GAA TTC ACT AGT ACC GGT AGG CCT GTC GAC GAT

Apal Notl BamHI Xbal
ATC GGG CCC GCG GCC GCT GGA TCC TCT AGA CTG

Xho! HA-Tag.
CAG CTC GAG TAC CCA TAC GAC GTC CCA GAC TAC
GCT TGA -3

CMV prom. SV40 prom.

pLenti-llI-HA

8183bp

Kan' rep. origin 3'LTR

Figure B.7.1| Map of pLenti-IlI-HA

Source: http://www.abmgood.com/ZFP36L1-Lentiviruses-LV035728.html
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B.8 pMirTarget.3’'UTR.blimp1

pMirTarget.3’'UTR.blimpl (Origene, Cat. No. SC218855) is a reporter construct
containing a firefly luciferase coding region upstream the 3'UTR regidmedfiiman
blimpl mRNA. pMirTarget (Origene, Cat. No. PS100062) is an empty vector.

o T

S ﬂ?ﬁp
e
EGQ
<
/ :
pMirTarget EooR
z Vector Asc
= 7.9 kb . Rsr I
o) Miu |
e
R

Polya =

Figure B.8.1| Map of pMirTarget

Source: http://www.origene.com/destination_vector/PS100062.aspx
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Appendix C  Q-RT-PCR data analysis using 2*“;
Method (Livak and Schmittgen 2001)

In this example th&; method was used to calculate the fold changeriptl mMRNA
expression. The data was normalized t@taetin mRNA expression and relative to the
blimpl mMRNA expression in BCL1 WT + IL2 and IL-5 Day 0 cells (baselineatbrator
sample).The samples were analyzed using Q-RT-PCR andthliata was imported
into Microsoft Excel. The mean fold change in blimpl mRNA expression at each time
point was calculated using the equation

AACt = (Cr.plimp1 — Cr.p-actin)Time x = (Cr.plimp1— Cr p-actin) Time o
The mean fold change in blimpl mMRNA expression is the average of three valies for
AAC

T for each time point. Table C.1 below is one example of Q-RT-PCR data analysis
using 2**“r method (Livak and Schmittgen 2001).

Table C.1| A sample spreadsheet of data analysis using the*®2; method

Mean Mean fold

Cell Type Gene Cr 2MC, change in
time X . MRNA
time O .

expression

BCL1 WT +IL2/5 Day O | blimpl | 23.7356 | 22.7139 | 0.4707719
BCL1 WT +IL2/5 Day 0 | blimpl | 22.1339 | 22.7139 | 1.4626656 | 1 12885995
BCLL WT +IL2/5 Day 0 | blimpl | 22.2722 | 22.7139 | 1.4523609
BCLL WT +IL2/5Day 2 blimpl | 20.6754 | 22.7139 | 4.7753286
BCL1WT +IL2/5Day 2 blimpl | 20.651 | 22.7139 | 5.6647018 4 g40142
BCLL WT +IL2/5Day 2 | blimpl | 21.1312 | 22.7139 | 4.0320122

BCL1 WT +IL2/5 Day 0 | B-actin | 14.995 | 15.0602
BCL1 WT +IL2/5 Day O B-actin = 15.0288 15.0602
BCL1 WT +IL2/5 Day 0 | B-actin | 15.1569 | 15.0602
BCL1 WT +IL2/5 Day 2 | B-actin | 15.2773 | 15.0602
BCL1 WT +IL2/5 Day 2 | B-actin | 15.4993 | 15.0602
BCL1 WT +IL2/5 Day 2 | B-actin | 15.489 | 15.0602
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Appendix D  Cell Signaling BRF1/2 Antibody #2119

D.1 Background Information

This antibody detects endogenous levels of total BRF1 and BRF2 proteins.

Applications Species = Cross-Reactivity* = Molecular Wt. Source

W, IF-IC, F H, M, R, MK, (C, | 40-50 kDa BRF1 Rabbit**
Endogenous B) 62 kDa BRF2

*Species cross-reactivity is determined by western blot.
** Anti-rabbit secondary antibodies must be used to detect this antibody.

g5
S ﬁ% o) A0
@}‘l Q?:l s
o Wt =
m S&Ee &F
200 | -
140} | e—
100 | s
a0 -

60 — BRF2
Dl Y W

40 . '. 2 p.j|—BHF1

30

Figure D.1.1| Western blot analysis of cell lysates using BRF1/2 Antibody

Source: http://www.cellsignal.com/products/2119.html
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Appendix E  IgM ELISPOT Data

2501

2004

1504

i

[EEN
o
e

IgM producing cells (Total 300 cells)
a
o

WT WT + 1L2/5

Figure E.1| Detection of total IgM producing cells by ELISPOT. BCL-1 WT cells
(300 cells per well) were incubated for 24 hours with or without 20ng/ml IL-2 and
5ng/ml IL-5. The IgM production was detected in triplicate by ELISPOT a3day
error bars represent the mean £ SD for three independent experiments.
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Appendix F FACS Data

The efficiency of the transduction was determined by assaying GFR@osit
expression by FACS. FACS Data 1 and FACS Data2 show the typical transduction
efficiency achieved when BCL-1 WT cells were transduced with high titre
concentrated lentiviral supernatant. The sorting of GFP positive cellsexasmed at
the Flow Cytometry and Cell Sorting Facility, DIIID, King’s College Lond

F.1 FACS DATA1

104

1034

FLT Comp
g

T
25K

Ll
Region Count % % Events
Total 96074 100 81.15
R8 35811 37.27 30.25

St

Figure F.1| FACS Data 1BCL-1 WT cells (2x18 cells) were transduced with 1xX10
transduction units of the virus pSicoR.zfp3611.RNAI.1 at a MOI of 50. The transduced
cells were expanded during 6 — 8 consecutive passages and the GFP cells were sorted

by FACS.
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F.2 FACS DATA 2

104
il

104

107

FLI Comp

101

512

et 175 =5
-~
Region Count % % Events
Total 119745 100 77.09
R8 32992 27.55 21.24

Figure F.2| FACS Data 2BCL-1 WT cells (2x18 cells) were transduced with 1X10
transduction units of the virus pSicoR at a MOI of 50. The transduced cells were
expanded during 6 — 8 consecutive passages and the GFP cells were sorted by FACS.
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Appendix G DNA Ladders and Protein Markers
G.1 DNA Ladders

For estimating the size of unknown DNA molecules during agarose gel electsighor
Promega,s 1 Kb and 100bp DNA Ladders, Figure G.1.1 below, were used.

bp

10,000
8,000
6,000
5,000
4,000

3,000
2,500

2,000
1,500
1,000
750
500

250,
253

FE0ETADT BN
ORTITOO3_SA

0.7% agarose 2% agarose
Figure G.1.1| Promega’s 1kb and 100bp DNA ladders

G.2 Protein Marker

In this project GE Healthcare Full-Range Amersham Rainbow™ Molecudaghtv
Marker (Cat. No RPN80OE) was used to identify the approximate size of a molecule
run on a gel electrophoresis.
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Full-Range
RPNBOOE
M, x 10° Color
225- Blue
150- Red
102- Green
76~ Yellow
52- Purple
38- Blue
31=- Crange
21 Green
17- Blue
12- Red

Figure G.2.1| GE Healthcare Amersham Rainbow™ Molecular Weight Marker
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