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Regulation and Biosynthesis of Interleukin 10 in Macrophage and Monocytes involved
in Inflammation

By Martin McAulay

Interleukin 10 has proven itself to be an important regulator of inflammation with a
wide range of biological effects. These range from a down regulation of cytokine,
chemokine and superoxide production within the macrophage, to an up regulation of
immunoglobin secretion in B-cells. However, despite Interleukin 10 being an important
anti-inflammatory cytokine, very little is understood about how this cytokine is
regulated within the cell.

During this study we investigated how Interleukin 10 is regulated in the monocyte and
macrophage involved in inflammation. In the first part of the study a sandwich ELISA
was used with FACS analysis, to characterise the profile of Interleukin 10 to purified
bacterial lipopolysaccaride and map their secretion to the individual cells involved in
inflammation.

Using pharmacological specific inhibitors the second messenger pathways were
mapped. We have looked at how Interleukin 10 is regulated by the MAP kinase
pathways. Using potent and selective MAP kinase inhibitors we have demonstrated in
various cell types how inhibition of the p38 and JNK MAP kinase pathways led to a
down regulation in Interleukin 10 production. Once the cellular pathways that regulate
Interleukin 10 production were worked out, we were able to continue to work further
down the regulatory pathways to reach the DNA and begin to investigate which
transcription factors are important in Interleukin 10 transcription and translation.

Understanding how this important cytokine is regulated can lead to the development
of a novel treatment for patients who suffer from tissue destructive and painful

inflammation diseases.
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Introduction



1.1 History

Interleukin (IL) 10 was first discovered by D.F. Fiorentino er al in 1989, while
looking for a product of T helper 2 cells (Th2) that would inhibit proliferation,
effector function and possibly the development of T helper 1 (Thl) cells, in a way
analogous to the inhibition of Th2 proliferation by IFNy a Th1 cytokine. It was found
to be specifically inhibitory of cytokine synthesis in the Thl cell. Due to this it was
named Cytokine Synthesis Inhibitory Factor (CSIF)'.

Coincidentally, it was shown that mouse B cell lymphomas produced a protein that
enhanced the proliferation of mouse thymocytes in response to IL 2 and 4. This was
called B cell derived Thymocyte growth factor (B-TCGF). It was also found to
augment the proliferative response of mouse mast cell lines to IL 3, and thus was
named Mast cell Growth Factor III (MCGFIID)?.

The factor responsible for all these effects was found to be the same protein and thus

in 1990 it was renamed Interleukin 10°,

1.2 Protein and Gene structure

1.2.1 Protein Structure

Using cDNA clones encoding for the cytokine, the primary structure for both the
mouse IL-10 (mIL-10) and human IL-10 (hIL-10) was determined™*. There is a high
nucleotide sequence identity (>80%) between the mlIL-10 and the hIL-10 cDNA
clones, with the only significant difference being the insertion of a human Alu
repetitive sequence element at the 3’ untranslated region of the hlL-10 cDNA clone.
The hIL-10 cDNA encodes for a 178AA protein that has an 18AA N-terminal

hydrophobic signal sequence.



Fig 1.1 Amino Acid sequence for IL-10

18 MHSSALLC CLVLLTGURA

1  SPGQGTQSEN SCTHFPGNLP NMLRDLRDAF SRUKTFFQMK
41 DQLDNLLLKE SLLEDFKGYL GCQALSEMIQ FYLEEUMPQA
81  ENQDPDIKAH UNSLGENLKT LRLRLRRCHR FLPCENKSKA
121 VEQVKNAFNK LQEKGIYKAM SEFDIFINYI EAYMTMKIRN

-Accession code : Swissprot P22301
mIL-10 : P18893

Human IL-10 is a non-covalently linked, homodimeric glycoprotein, which contains
a single, but variably occupied, N-linked glycosylation site. Based on its primary
structure (fig 1), IL-10 is a member of the 4 alpha helix family of cytokines, which
include IL 2, 3, 4, 5, 6, 7, 9, 13, G-CSF, GM-CSF, CNTF, OSM, LIF and Epo
binding to receptor class I and IL-10, IFNa, B and vy binding to receptor class II. hIL-
10 is an 18kD polypeptide, which lacks detectable carbohydrate. The mlIL-10,
however, is N-glycosylated at a site near its N-terminus that is missing from hIL-10.
The glycosylation of the mIL-10 is heterogeneous which results in a mixture of 17,
19 and 21kD species being seen when run on a SDS polyacrylamide gel. However,
this glycosylation is not required since a recombinant (1) mIL-10 and hIL-10,
obtained from E. coli, is still biologically active, as measured by the dose dependent
co-stimulation of MC-9 cells with I1.4.

Both hIL-10 and mIL-10 exist naturally as a non-covalent homodimer. Both are acid
sensitive with complete inactivity being reached at pHS.5. However IL-10 is quite

stable in basic conditions up to pH11.



Fig 1.2 Structure of hIL-10 (figure obtained from Grant Gallagher, University of Glasgow).

hIL-10 has a secondary structure comprising 60% helix, with the tertiary structure being that of a V-
shaped homodimer. each half of the V-shaped structure has 6 helices, 4 derived from one subuint and
2 from the other. 4 of these helices form an "up-up down-down" bundle that is characteristically
present in all helical cytokines. The mature N-terminus of rmIL-10 is GIn22 while rhIL-10 is Serl9.
hIL-10 has four cysteine residues with two disulphide bonds between Cys 1 and 3 and between 2 and
4 respectively. Reduction of these disulphide bonds was shown to cause a loss of helical structure with

complimentary loss of biological activity.



1.2.2 Gene structure

The hIl-10 gene has been mapped to chromosome 1°.

Figure 1.3 Location of the human IL-10 gene on chromosome 1 (figure obtained from Grant Gallagher,

University of Glasgow).

Mapping the human IL-10 gene

D18412 242cM

857.0 cR

877.0 cR D15504 253 cM
WI-9641

D18505 267 cM
897.0cRD15217 267 cM

D18273 268 cM

907.0 cR op1 ¢ GATAB7FOA4

The mIL-10 gene is made up of 5 exons, which span a ~5.1kb area of DNA on
chromosome 1. Both m and hIL-10 exhibit a strong DNA and amino acid sequence
homology with the open reading frame in Eppstien Barr Virus (EBV) genome,

BCRF13#,

Nucleotide sequence mlL-10 to hIL-10=81%
hIL-10 to BCRF1 =71%

Amino Acid sequence hIL-10 to BCRF1 = 84%
mIL-10 to BCRF1 = 70%

Differences between hIL-10 and BCRF1 are found mainly in the N-terminal 20

amino acids.



1.2.3 BCRF1 (BamH]1 C fragment rightward Reading Frame)

The open reading frame from the EBV encodes for a 17kD protein (expressed in late
phase of the lytic cycle of the EBV), which like IL-10, contains little to no
carbohydrateﬁ. The BCRF1 gene, however, has no introns unlike the cellular IL-10
gene. BCRF1 has some of the properties of hIL-10, which include cytokine synthesis
inhibition (see 1.5.1) and macrophage deactivation’. Due to these properties, the
BCRF]1 has been named viral (v) IL-10.

It is widely believed that the vIL-10 may represent an ancestral processed captured

cytokine gene, used by the EBV to regulate the host immune system’s response to it.

The cell tightly regulates IL-10 expression, since very little constitutive expression of
IL-10 occurs, however in some cases, for example the activated Hepatic Stellate cell,
once activated the IL-10 remains actively secreted. The IL-10 gene essential
promoter requires the major start sequence of transcription, TATA box, with up to
150 additional 5’ nucleotides. A positive regulatory sequence occurs at between -
1100/-900, while a negative regulatory sequence lies at —800/-3008. Recently
D.Kube, et al has managed to isolate an important area of the promoter in the last 80

nucleotides. (Personal communication submitted but not published at this time.)

1.3 IL-10 Receptor

The receptor for IL-10 is a member of the interferon family, which is expressed on
all IL-10 responsive cells’. Studies with monoclonal anti IL-10R Ab has shown that
this receptor is required for all known IL-10 responses. The IL-10R binds the
respective cellular IL-10, both mouse and human, with high affinity
(Kd~100pM)'*',

However, IL-10R’s affinity for the EBV IL-10 analogue is at least 1000 fold lower
than that for the cellular IL-10. This is consistent with the impaired function of vIL-
10 on certain cell types. Studies using recombinant IL-10R expressing cells suggest
the existence of one or more additional subunits of the receptor'>". The human
interleukin-10 receptor gene maps to chromosome 11q23.314.

The best understood signalling pathway activated by IL-10 is the JAK/STAT

pathway'>. Stimulation of IL-10R expressing cells with IL-10 leads to activation of



tyrosine kinases JAK1, Tyk2 and STAT 1 and 3. In the macrophage STAT 5 can also
be activated in response to LPS stimulation, via the production of GM-CSF. IL-10
blocks this activation indirectly by inhibiting the production of GM-CSF'¢. STAT 3
is directly recruited to sequences surrounding two membrane distal tyrosines in the
IL-10R cytoplasmic domain, which are redundantly required for STAT 3 activation
and receptor function. STAT 3 dependent (inhibition of macrophage proliferation,
induction of FcyR expression) and STAT 3 independent (inhibition of monokine

production) IL-10 signalling pathways have also been defined.

1.4 Production and regulation of IL-10

Initially, IL-10 was discovered as a product of Th 2 cells. However CD4+ ThO and
Thl also produce IL-10 cells”, B cells, mast cells, eosinophils monocytes and
macrophage, keratinocytesls'23. A variety of tumour cells have also been shown to
express biologically active IL-10, e.g. hairy cell leukaemia® and multiple melanoma
cells *. TL-10 has also been shown to be expressed in Hepatic Stellate Cells (HSC)
and once activated these cells continue to produce IL-10 constitutively, this could
indicate that in the HSC, IL-10 may have a different method of regulation than in
other cell types%.

The expression of IL-10 has also been shown to increase by a number of drugs,
including PGE, and prostacyclin®’. In contrast, cyclosporin A, cyclohexamide and
methotrexate may inhibit IL-10?. The mechanisms that control and regulate the
production of IL-10 are still under study. It appears that different cells respond
differently to different stimuli and that the response can depend on the cell type in
the microenvironment of the cell.

In vitro LPS stimulation of human monocytes causes an upregulation in IL-10
production, interestingly, if dibutyrol cAMP is added in conjunction with the LPS,
then a much higher expression of IL-10 is seen than with LPS alone. This could be
due to the ability of cAMP to suppress TNFo production in it’s own right®.
Interferon (IFN) 3 causes an in vitro up regulation of IL-10 production in monocytes
obtained from patients with multiple sclerosis (MS)*. IFNB is a therapeutically
useful drug used in the treatment of MS*'. Also IFNa has been demonstrated to
increase the in vitro IL-10 production by human CD4+ T cells®”. Administration of

Transforming Growth Factor (TGF) B to Lewis rats with experimentally induced



uveitis (an inflammation disease of the eye), causes an upregulation of IL-10 mRNA

levels in ocular tissues>".

1.5 Biological effects of 1L-10
1.5.1 The role of IL-10 in the immune system

IL-10 exerts its actions on a variety of cells within the immune system. Its effects are
both complex and varied. The following discussion only highlights some of the

actions of IL-10 within the immune system.

1.5.1.1 IL-10 as a Cytokine Synthesis Inhibitory Factor

As mentioned above, the earliest described role of IL-10 was that of a ‘Cytokine
Synthesis Inhibitory Factor’ in mice. IL-10 was characterised as a product of Th2
cells that downregulate the production of IFNy, and TNFB by Thl cells. When
human PBMC are stimulated with LPS there is a rapid increase in the level of pro-
inflammatory cytokines that peaks at about 4-8 hrs after stimulation. Addition of rIL-
10, however, can have a profound effect on this cytokine production, with an almost
complete inhibition of ILla, ILI1B, IL6, IL8, TNFa, IFNy, GM-CSF and G-
CSFo343436, Interestingly, IL-10 appears to be an autoregulatory cytokine since
elevated levels of IL-10 lead to a down regulation in IL-10 mRNA synthesis in
monocytes stimulated for 24hrs®*. The fact that IL-10 is able to downregulate its own
production by human monocytes makes this the first cytokine that is regulated by a
negative feedback mechanism. IL-10 appears to downregulate pro-inflammatory
cytokine by one of two mechanisms, reducing the stability of cytokine mRNA or by
direct inhibition of transcription factors™.

IL-10 also inhibits the production of cytokines such as IFNy in murine Thl cells.
This action is achieved via its action on an APC, but only when this APC is a
macrophage and not a B Cell. However, IL-10 has no effect on the Th2 cytokine
production. Inhibition of all Thl cytokines occurs, including IL-2, IL-3, TNFp, IFNy

and GM-CSF, however the effects are most noticeable in reference to IFNy and IL-3.



1.5.1.2 IL.-10 and Tolerance

When a cell is stimulated for the first time a specific response will ensure. A
secondary stimulation, by the same stimulus, may however only lead to a minimal
response. This phenomenon is termed tolerance. One of the mechanisms that may
mediate this response is the simultaneous increase in IL-10 levels, since neutralising
IL-10 and TGF-B with monoclonal Ab’s (mAb) can prevent this tolerance’ . There is
no apparent downregulation in the expression of the LPS receptor CD14 (Cluster of
Differentiation) and this receptor appears to function as normal since NFxB
mobilisation does occur38. Likewise, IL-10 has been implicated in the phenomenon
of priming, whereby the macrophage is sensitised to release massive amounts of the
pro-inflammatory cytokines in following LPS challenges. This process can be
blocked by the addition of exogenous cAMP, which leads to an upregulation in the
levels of IL-107%.

1.5.1.3 I1.-10 and the T-cell

IL-10 can inhibit antigen stimulated T cell proliferation both directly and indirectly.
In order to understand these actions it is necessary to give a brief review of the

antigen specific T cell activation.
1.5.1.3.1 T-cell activation

In order to stimulate CD4+ T cells, antigen-presenting cells (APC) must process the
antigen via the endosomal pathway. This is followed by the expression of the
antigenic peptide within a trough of the Major Histocompatibility Complex (MHC)
class II molecule on the surface of APCs. Binding of the MHC class II molecule and
the antigenic peptide complex with the complementary T cell receptor occurs next.
For optimal T cell stimulation, however, co-stimulatory pathways have to be
activated. These pathways are mediated by binding of CD28 on T cells, with its
ligands CD80 (B7-1)/CD86 (B7-2) on the APC40. For these interactions to occur,
The T cells and APCs must be in close proximity. Hence, adhesion molecules are

also required. T cells express leukocyte factor for adhesion 1 (LFA1) and CD2,



which bind to their respective ligands, intracellular adhesion molecule (ICAM1)
(CD50) and LAF3 on APCs*".

Once T cell activation occurs, the CD4+ T cells secret IL-2 and express IL-2
receptors. The autocrine loop thus set up results in T cell proliferation. Within this
pathway of CD4+ T cell activation, IL-10 acts in a number of ways. Experimentally,
IL-10 has been shown to downregulate the expression of MHC class II on a variety
of APCs, including dendritic cells, langerhans’ cells and monocytes‘“z'45 . Interleukin
10 (IL-10) and viral IL-10 (v-IL-10) strongly reduced antigen-specific proliferation
of human T cells and CD4(+) T cell clones when monocytes were used as antigen-

- 42,464
presenting cells 047,

1.5.1.3.2 Effect of IL-10 on T-cell

It has also been hypothesised that IL-10 inhibits cytokine production by Thl T cell
clones by blocking accessory cell- (AC) dependent costimulatory function. APC
surface expression of ICAM1, CD28 ligands, CD80 (B7-1) and CD86 (B7-2) are all
markedly downregulated by IL-10"%%.

IL-10 is also capable of directly inhibiting T cell proliferation, independent of its
actions on APCs. IL-10 inhibits anti-CD3 mAb stimulated T cell proliferation via
inhibition of IL-2 by T cells®. In addition, IL-10 inhibits CD80-86/CD28 dependent
IL-5 secretion by T cells’’. IL-10 may also contribute to the induction of T cell
anergy. This could be due to IL-10 mediated downregulation of ligand-receptor co-
stimulatory interactions between T cells and APCs2.

In one study the effect of IL-10 was evaluated on Con A-induced proliferative
responses of resting murine T cells. In this study purified T cells were cultured with
different types of AC. The addition of IL-10 produced a 70 to 90% inhibition of
resting T lymphocyte proliferation when purified populations of macrophages were
used as AC, but had no effect on the AC function of T-depleted spleen cells,
activated B cells, and dendritic cells. The inhibitory effects of IL-10 were inversely
related to the concentration of mitogen and could be reversed by the addition of the
neutralising anti-IL-10 mAb, SXC1. The inhibition of macrophage AC function was
found not related to the induction of a suppresser cytokine as stimulation by mixtures
of macrophages and limiting numbers of dendritic cells was not inhibited. The

decrease in proliferative responses was primarily secondary to inhibition of IL-2
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production although the failure of exogenous IL-2 to completely reconstitute the
response suggested that IL-10 might also exert inhibitory effects on the induction of
expression of a functional IL-2R. These results suggested that, IL-10 inhibits the
induction of expression on macrophages of a critical costimulatory molecule that
may be constitutively expressed on other types of AC™. The effect of IL-10 on APC
dependent T cell cytokine synthesis and proliferation are most likely due, in part at

least, to the downregulation of MHC class II expression on the APC surface.

1.5.1.3.3 Effect of IL-10 on other immune cells

IL-10 can also enhance immune activity. IL-10 stimulates proliferation, activation
and chemotaxis of CD8+ T cells***. IL-3 is a growth factor for CD4 Th1 cell lines
in vitro. This stimulatory effect of IL-3 on Th1 cells was synergized by the addition
of IL-10. Natural killer cell activity, proliferation and cytokine production are also
enhanced by IL-10°". IL-10 can also cause an up regulation of Fc receptors on
monocytes, thus enhancing antibody dependent cytotoxicity’®. IL-10 has been
demonstrated to increase B cell proliferation, differentiation and antibody
production19’59’60. The effect of IL-10 on B lymphocytes could possibly have an
important role in the pathogenesis of several diseases, e.g. Systemic Lupus
Erythematosus (SLE) which is characterised by polyclonal B cell activation and the
production of various auto-antibodies. Evidence suggests that autoantibody

production in SLE is dependent on stimulation of B cell by IL-10°".

1.5.2 Role of IL-10 in inflammation

Activated monocytes secrete IL-l1c, IL-1B, IL-6 and TNFq, which are pro-
inflammatory cytokines. In addition, they also secrete chemokines, e.g. IL-8 and
macrophage inflammatory proteins (MIP). The chemokines comprise a family of
related proteins with close similarities in structure and action that are involved in cell
chemotaxis. IL-10 downregulates neutrophil production of the chemokines IL-8,
MIP-1a and MIP-1b, an effect completely purged by the addition of cyclohexamide,
suggesting the de novo effect of protein production. These cytokines cause leukocyte
activation and recruitment into the site of inflammation. IL-10 inhibits the production

of these cytokines by monocyte/macrophage, polymorphonuclear leukocytes and
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eosinophils34’62'65. In addition, IL-10 also inhibits the production of GM-CSF and
GCSF, which cause neutrophil and monocyte/macrophage activation.

IL-10 can downregulate the induction of nitric oxide synthase in macrophage cells.
Since nitric oxide is an inflammatory mediator, IL-10 can also attenuate
inflammation via this pathway66. Similarly, IL-10 also downregulates toxic Reactive
Oxygen Intermediates (ROI). One of the key functions of the macrophage cell is the
production of ROI and Reactive Nitrogen Intermediates (RNI), which include Nitric
Oxide. ROI and RNI are both antimicrobial and tumorcidal. In mouse T cells, at low
concentrations, IL-10 will causes an almost complete inhibition of TNFa (95.4%),
but has little effect on the RNI and ROI. TNFa is a potent differentiation factor for
the mouse T cell, while RNI and ROI both suppress lymphocyte function. Therefore,
activated macrophage exposed to a low concentration of IL-10 are likely to produce
ROI and RNI, but not TNFq, and thus may display a suppresser phenotype towards
lymphocytes. This may contribute towards the CSIF activity of IL-10. However, at
higher concentrations, IL-10 not only suppressed TNFq, but also ROI and RNI. This
downregulation of RNI and ROI production in the activated macrophage, thereby
also downregulates inflammation®’.

Matrix metalloproteinases (MMP) are implicated in the extensive tissue destruction
seen in chronic inflammation68. Monocyte MMP activity is dependent upon
prostaglandin synthesis. IL-10 has been shown to inhibit and downregulate

prostaglandin H synthase 2%,
1.5.3 The role of IL.-10 in Liver Fibrosis
1.5.3.1 Introduction

In the liver uncontrolled inflammation can promote fibrosis leading to cirrhosis. The
major causes in this country of liver fibrosis are alcohol abuse and infection with
Hepatitis c’. During liver fibrosis a major cell in the advancement in the production
of the extracellular matrix is the HSC’'. As mentioned earlier, IL-10 has been linked
to the HSC. The role of IL-10 has been investigated over the past few years and the
synthesis of IL-10 during the course of liver fibrosis has been shown to be important

in how pathogenesis progresses.
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1.5.3.2 The role of IL-10 in liver fibrosis

In one study, the role of IL-10 has been investigated in the in the mouse model of
liver injury induced by carbon tetrachloride (CCl-4). To address the role of
endogenous IL-10 production, acute hepatitis was induced by CCI-4 in C57BI/6 IL-
10 gene knock out (KO) and wild-type (WT) mice. After CCL-4 challenge, serum
and liver levels of TNFo and serum levels of transforming growth factor-beta I
(TGFB1) increased and were significantly higher in IL-10 KO mice, whereas IL-6
serum levels were only slightly increased compared with WT mice. At a histological
examination of the livers, a significantly more prominent neutrophilic infiltration in
IL-10 KO mice 12 and 24 hours after CCL-4 injection was witnessed. In contrast,
hepatocyte necrosis, evaluated by histological examination and serum alanine
aminotransferase levels, was only marginally affected. The proliferative response of
hepatocytes, assessed by the proliferating cell nuclear-antigen labelling index, was
significantly increased in IL-10 KO mice, compared with WT mice 48 hours after
CCL-4 injection. Finally, repeated CCL-4 injections led to more liver fibrosis in IL-
10 KO mice after 7 weeks. The conclusions of the study suggested that endogenous
IL-10 marginally affected the hepatocyte necrosis although it controls the acute
inflammatory burst induced by CCL-4. During liver repair, it limits the proliferative
response of hepatocytes and the development of fibrosis’>.

Kupffer cells (KC) have been shown to play a central role in the initiation and
perpetuation of hepatic inflammation. Since IL-10 can inhibit a range of macrophage
functions, it was hypothesised that the transcription, synthesis, and release of IL-10
may influence the development of liver injury. Rat KC were activated in vitro with
LPS, and expression of IL-10 mRNA compared with IL-13 and IL-1 beta by reverse-
transcription polymerase chain reaction (RT-PCR). The effects of pre-treatment with
rIL-10 on KC phagocytosis, production of superoxide (SO), and TNFo were
examined by fluorescent activated cell sorter (FACS), reduction of ferricytochrome
C, and bioassay, respectively. Rats were administered intraperitoneal carbon
tetrachloride (CC1-4), and expression of IL-10 mRNA and protein in vivo compared
with IL-13 and IL-1P by RT-PCR and immunoblotting. Results were correlated with
histological inflammatory changes. IL-10 gene- deleted (IL10-/-) mice and wild type
(WT) controls were administered intraperitoneal CC1-4 biweekly for up to 70 days,

and the development of inflammation and fibrosis compared by scoring histological
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changes. IL-10 mRNA was up regulated early, both in KC in vitro and in whole liver
in vivo, concurrent with that of IL-1B. IL-10 was able to inhibit KC production of
both SO and TNF« in vitro, and this was achieved more effectively than IL-4 or IL-
13; no such effects were seen on KC phagocytosis. After 70 days of treatment with
CC1-4, IL-10 -/- mice showed significantly more severe fibrosis and exhibited higher
hepatic TNFo levels than WT controls. The results suggest that IL-10 synthesised
during the course of liver inflammation and fibrosis may modulate KC actions, and
influence subsequent progression of fibrosis’.

Another study demonstrated that Hepatic Stellate Cells (HSC) upon activation in
vitro or in vivo express IL-10 and the autocrine effects of this cytokine include
inhibition of collagen production. The results obtained in the study demonstrated that
the activation of HSC causes enhanced autocrine expression of IL-10, which
possesses a negative autoregulatory effect of HSC collagen transcriptional inhibition
and stimulation of collagenase expression. These findings, along with the early
induction of HSC IL-10 expression and its late disappearance during biliary liver
fibrosis, suggest its in vivo role in matrix remodelling and a possibility that failure for
HSC to sustain IL-10 expression underlies pathologic progression to liver cirrhosis
74

In a final study, the expression of cytokines in the pathogenesis of liver cirrhosis was
examined in hepatic biopsies. Here it was found that expression levels of TGFj in
post-hepatitis C liver cirrhosis were high, high to moderate in alcoholic liver
cirrhosis and low in non-cirrhotic specimens. Expression of IL-10, TNFa, and IFNYy
genes was detected in most post-hepatitis C liver cirrhosis, but not in idiopathic
portal hypertension or alcoholic liver cirrhosis biopsies. The interleukin-1B, 6 and 8
gene expression was significantly lower in alcoholic liver cirrhosis compared to post-
hepatitis C liver cirrhosis, but higher compared to idiopathic portal hypertension
specimens. Thus, post-hepatitis C liver cirrhosis samples showed a high degree of
cytokine gene expression, whereas in alcoholic liver cirrhosis it tended to be
moderate, and restricted to some cytokines (TGFp, IL-1, 6 and 8, but not IL-10,
TNFo or IFNYy). In contrast, most non-cirrhotic specimens showed a restricted and
low cytokine gene expression. The conclusions reached from this study suggested

that TGFp is present in liver fibrosis and inflammation, but that more study was

necessary to understand its role. IL-1P, 6, 8, TNFq. and IFNY, appear to participate in
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the pathogenesis of the mild to severe inflammatory phenomena seen in alcoholic
and post-hepatitis C liver cirrhosis, respectively. The study also suggested that TNFo.
does not participate in the hepatocellular damage of alcoholic liver cirrhosis, and
indicated that neither IFNy nor IL-10, at least at the levels observed in post-hepatitis
C liver cirrhosis, were able to counteract the fibrotic inflammatory process seen in

this condition”.

The biological functions of IL-10 on the immune and inflammatory systems are

summarised in tablel.
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Table 1. Biological functions of IL-10.

Enhances

Inhibits

The in vitro production of IL-1 receptor antagonist by
monocyte and polymorphonuclear leukocytes

Proliferation, activation and chemotaxis of CD8+ T cells

NK cell functions, potentates IL-2 induced NK cytotoxicity
activities

Antibody dependent cytotoxicity by upregulating Fcy
receptors on monocytes

B cell proliferation, differentiation and antibody production

Synthesis and secretion of insulin by pancreatic ilet cells in

rats

Antigen stimulated T cell proliferation via inhibition of IL-2
production by T cells

Production of IFNY, IL-2 and TNFo by Th1 cells

Macrophage co-stimulatory activity by selectively inhibiting
the upregulation of B7 expression in mice

Synthesis of proinflammatory cytokines (TNFa, IL-1o, IL-
18, 11-6, IL-8)

CD80/CD28 dependent IL-5 secretion by T cells

IL-8 production in human neutrophils

Free oxygen radical release and the nitric oxide dependent
microbial activity of macrophages

Downregulates monocyte prostaglandin H synthase-2
Decreases surface expression of MHC class II molecules on

variety of APCs, including dendritic cells, monocytes and

langerhams’ cells




1.6 Mitogen Activated Protein Kinase Signalling Pathways
1.6.1 Introduction and overview

As was mentioned earlier, IL-10 is produced by the macrophage in response to stress
stimuli caused by the presence of LPS, RNI and ROI as well as the secretion in to the
cellular environment of TNFo and other cytokines. It has been well established that
these responses are signalled via the Mitogen Activated Protein Kinase pathways in
the cell.

Over the past few years, the mitogen-activated protein (MAP) kinases have been at
the forefront of a rapid advance in the understanding of cellular events in growth
factor and cytokine receptor signalling76‘79. The MAP kinases (also referred to as
extracellular signal-regulated protein kinases or ERK) are the terminal enzymes in a
three-kinase cascade. The reiteration of three-kinase cascades for related but distinct
signalling pathways gave rise to the concept of a MAK kinase pathway as a modular,
multifunctional signalling elements that acts sequentially within one pathway, where
each enzyme phosphorylates and thereby activates the next member of the
sequencegO(See fig 4).

A canonical MAP kinase module thus consists of three protein kinases: a MAPK
kinase kinase (or MEKK) that activates a MAPK kinase (or MEK) which in turn
activates a MAPK/ERK enzyme. In the MAPK module of the yeast pheromone
response pathway, a scaffold protein SteSp binds the three analogous enzymes of its
module, suggesting that the module may function as a physically stable unit®.

The recent identification of distinct MAPK cascades that are conserved across all
eukaryotes indicates that the MAPK module has been adapted for interpretation of a
diverse array of extracellular signals. Although mitogen activation of the MAPK
subfamily (e.g., ERK1 and ERK2) has dominated efforts to understand MAPK
signalling, increasing appreciation of the role of stress-activated kinases, JNK and
p38, illustrates the diverse nature of the MAPK superfamily of enzymes. Although
sequence similarities among components of the individual MAPK modules used for
activation of ERK1/2, JNKs and p38 are considerable, the fidelity that is maintained
in order to translate specific extracellular signals into discrete physiological
responses illustrates the selective adaptation of each MAPK module. Understanding

how such specificity is maintained, and the extent and significance of cross talk



between each signalling cascade, are fundamental issues that are actively being

investigated by the research community.

Generic ERK/MAP JNK/SAPK
Pathway Kinase Pathway Pathway Pathway
Proliferation/Differentiation Stress Responses cell

ATFs

CHOP1

CREB

Elk1

MAPKAP2 hsp27
MEF2C

Overview of the MAP Kinase Pathways

Figure 1.4. Parallel MAP kinase cascades involves specific MAP kinase enzyme modules. Each of the MAP kinase/ERK,
JNK and p38 cascades consists of three-enzyme module that includes MEKK, MEK and an ERK or MAPK superfamily
member. A variety of extracellular signals trigger inttial events upon association with their respective cell surface
receptors and this signal is then transmitted to the interior of the cell where it activates the appropriste cascades.
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1.6.2 Regulation and function of MAPK
1.6.1.1 Multipurpose signal transducers

The MAPK superfamily of enzymes is a critical component of a central switchboard
that co-ordinates incoming signals generated by a variety of extracellular and
intracellular mediators. Specific phosphorylation of many proteins with substantial
regulatory functions throughout the cell, including other protein Kkinases,
transcription factors, cytoskeletal proteins and other enzymes. The diversity of
signals that culminates in MAPK activation indicates that these enzymes are not the
dedicated hardware of any single growth factor, hormone or cytokine system.
Instead, MAPKs like cAMP-dependent protein kinase (PKA) and Ca2+, and
phospholipid-dependent protein kinases (PKC), serve many signal purposes. Because
activation of the MAPK pathways are triggered to varying extents by a large number
of receptor systems, temporal and spatial differences are critical to determining

ligand and cell type specific functions.

1.6.1.2 MAP Kinase Modules

Following activation of cells with the appropriate extracellular stimuli, the signal is
transmitted to the canonical MAPK module comprising the three protein kinases (see
fig. 1.4). The progression of events for each enzyme cascade is the same, although
specific isoforms of each enzyme confer the required specificity within each
pathway. The first enzyme in the module is a MEKK enzyme, of which Raf and its
isoforms are one example. The MEKK enzymes are Ser/Thr kinases that activate the
MEK enzymes by phosphorylating two serine or threonine residues within a Ser-X-
X-X-Ser/Thr motif. Once activated, the MEK enzymes, which are mixed function
Ser/Thr/Tyr protein kinases, phosphorylate the MAPK/ERK enzymes on Thr and Tyr
residues within the Thr-X-Tyr (TXY) consensus sequence (see figure 1.5). A crucial
and common feature of the MAPK superfamily of enzymes is that they are activated
upon dual phosphorylation within the TXY consensus sequence present in the
activation loop of the catalytic domain® ™, The central amino acid differs for each
MAPK superfamily member, corresponding to Glu for ERK1/2, Gly for p38/HOG
and Pro for JINK/SAPK, although MEK specificity is not limited to these two

residues®. Phosphorylation at only one of these two positions does not activate the
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enzyme, although it may prime the kinase domain for receipt of the second

phosphorylation event.

TXY
inactive PP2A active
PTP1
MKP-1, 2, 3, etc.

Fig 1.5 . Dual phosphorylation activetes the MAP kinase
enzymes. A critical common feature of the MAP kinase
superfamily is that they are activated by MEK enzyme mediated
dual phosphorylation within the TXY consensus sequence in
the activation loop of the catalytic domain. Phosphorylation of
only one of the two positions does not activete the enzyme
although it may serve to prime the kinase domain for recipt of
the second phosphorylation event. A number of protein
phosphotases (e.g. PPA2, PTP1 and MKPs) are involved in
down regulstion of the signal, by dephosphorylating either one
or both phosphorylated residues.

1.6.1.3 Regulation of ERK enzyme activation

ERK1 and ERK?2 were the first members of the MAPK superfamily whose cDNA
was cloned®®® and the signalling cascades that lead to their activation are the best
characterised to date. Potent activation of ERK1, 2 can be initiated through activation
of transmembrane receptors with intrinsic or associated protein tyrosine kinase
(PTK) activity®’. In this scenario, binding of extracellular ligands to their respective
cell surface receptors results in autophosphorylation and enhanced PTK activity.

The subsequent association of the Src homology 2 (SH2) domains of adapter proteins
such as Grb2 and Shc with the autophosphorylated receptors, or additional “docking”
proteins, provides the molecular interactions that bring the required signal
transduction molecules into close proximity. Receptors without intrinsic PTK
activity but which harbour sites for tyrosine phosphorylation may also activate the

cascade via association of their phosphotyrosine residues with adapter molecules. For
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example, the SH3 domain of Grb2 binds a proline rich region of the guanine
nucleotide exchange protein SOS that, in turn, increases the association of Ras with
GTP. The GTP bound form of Ras binds to Raf (a MAP kinase kinase) isoforms,
including C-Rafl, b-Raf and A-Raf. This action targets Raf to the membrane, where
its protein kinase activity is increased by phosphorylation87. MAPK kinases (MEK1,
MEK?2)"’, are phosphorylated and activated by Raf. MEK1 and MEK2 are duel

specificity protein kinases that dually phosphorylate the ERK enzymes

183 185

(corresponding to Thr ™ and Tyr ™ of p42ERK2), thereby increasing their enzymatic
activity by approximately 1,000 fold over the activity found with the basal or
monophosphorylated forms®. Phosphorylation of these residues causes closure of the
kinase active site and induces conformational changes necessary for high activity®.

MAPK mutants, lacking either a lysine required for catalytic activity or the
prerequisite TXY phosphorylation sites, inhibit signalling by the native enzymes in
cells. In the case of ERK1 and ERK?2, these mutants have been used with repeated
success. For example, mutant ERK2 completely blocks proliferation in response to
epidermal growth factor (EGF) and v-Raf, and partially blocks induction by serum or
small t antigengg. ERK1 antisense mRNA and ERK1 phosphorylation site mutant
interfere with thrombin induced transcription as well as serum dependent
proliferationgo. These findings suggest an essential role in proliferation and

transformation for the ERK/MAPK pathway.

1.6.1.4 Regulation of JNK/SAPK and p38/HOG

The INK/SAPK and p38/HOG pathways are activated by ultraviolet light, cytokines,
osmotic shock, inhibitors of DNA and RNA and protein synthesis, and to a lesser
extent by growth factors.

This spectrum of regulators suggests that the enzymes are transducers of a variety of
stress responses. In contrast to activation of ERK1 and ERK?2, upstream, signal
transduction mechanisms for the INK and p38 cascades are less well understood (Fig
1.4). When transfected into mammalian cells, a diverse group of protein kinases
including the mixed lineage kinases (MLKSs) and relatives of the yeast Ste20p, e.g.
the p2l-activated-kinases (PAKs) and germinal centre kinase (GCK), cause

activation of INK/SAPK.
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Similarly, GTP-bound forms of the small GTP-binding proteins, Rac and Cdc42,
activate the JNK/SAPK pathway, and to a lesser extent, the p38 pathwaygl. Direct
activation of both pathways by PAKSs also has been demonstrated92, suggesting that
PAKs may be the relevant effectors for these small G proteins. The PAKs are
homologues of the yeast kinases Ste20p and Shk1, enzymes upstream of the MAPK
modules in yeast pheromone response pathways80. Both yeast and mammalian
protein kinases contain a binding site for Rac/Cdc42 and share the property of being
activated in vitro through association with these small G proteins when in their GTP-
bound states. In yeast, Ste20p is believed to phosphorylate and activate the MEKK
isoform Stellp, suggesting that MEKKSs may be PAK targets.

1.6.1.5 MAP kinase module specificity

Because of the pleiotropic potential of MAPKSs, their activities are tightly controlled
by both positive and negative mechanisms. A variety of factors are known to
modulate MAPK activity including substrate specificity, protein-protein interactions,
subcellular localisation and dephosphorylation by protein phosphotases.

MEK1 and MEK2 are the only known activators of ERK1 and ERK2 and are
believed to phosphorylate only these two substrates. Other MAPK family members
retain the TXY phosphorylation sites but are poor substrates of MEK]1 and MEK2%.
Similarly, cloning efforts have uncovered MEK-like enzymes that show high
selectivity in phosphorylating JNK/SAPKs and p38, further illustrating the important
contribution of the MEK enzymes in determining MAPK signalling specificity.

As noted above, Ste5p promotes the formation of complexes among enzymes of the
MAPK module that mediate pheromone-induced mating. Also, SteSp is absolutely
required for signalling through this module, since deletion of this gene, or over
expression of a SteSp mutant that cannot bind the yeast MAPK enzyme, blocks the
pheromone response’’. Given the known conservation between yeast and mammals
of components in MAPK signalling cascades, and the existence of scaffolding factors
for a number of protein phophotases and other protein kinases”, scaffolding factors
like SteSp are likely to exist in metazoans. These proteins may restrict enzymes, such
as MEKK1, in order to maintain the fidelity of individual signalling pathways.
Subcellular localisation undoubtedly plays an important part in directing ERK

signalling and in limiting cross-activation between related modules. In quiescent
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cells, ERK1 and ERK2 are found in the cytoplasm and are associated with
microtubules. Stimulation of cells with mitogens results in activation of the ERK
enzymes within the cytoplasm, with some of the enzyme located in specialised
membrane compartments. With mitogenic activation of certain cell lines, a fraction
of the activated ERK enzymes is efficiently translocated to the nucleus94. A similar
story is unfolding for JNK/SAPKs and p38. The kinetics of ERK activation
influences the efficiency of nuclear translocation and, thus, access to nuclear
substrates. If the kinase is rapidly inactivated, as occurs following EGF stimulation
of PC12 cells or by nonmitogenic stimulation of CCL39 cells™, it may not enter or
remain in the nucleus. In contrast, a more prolonged period of activation, as occurs
with nerve growth factor (NGF)-stimulated PC12 cells® or thrombin-treated CCL39
cells, results in nuclear retention and this may be critical for establishing the
differentiation signal”.

Because phosphorylation of both tyrosine and threonine is required to activate the
MAPK enzymes, certain dual-specificity protein phosphatases, such as the
immediate early gene MKP-1, appear well-suited to inactivate the MAPK family
members by dephosphorylating one or both sites’®. However, individual Ser/Thr
(e.g., PP2A) or Tyr (e.g., PTP1) protein phosphatases also can regulate ERK activity
by dephosphorylating only one of the two phosphorylated residues and thereby
inactivating the enzyme®”*°. The relatively high abundance and high specific activity
of these Ser/Thr or Tyr protein phosphatases provides another important mechanism
for regulating ERK enzyme activity. The final physiological outcome of these signal

transduction pathways therefore is determined by the interplay between these protein

kinases and protein phosphatases.

1.7 LPS and LPS signal transduction

LPS (lipopolysaccharide) or endotoxin are components of the cell wall of gram
negative bacteria. Together with phospholipids and membrane bound proteins, it is a
constituent of the outer cell membrane.

LPS consists of 3 structural elements. One is the hydrophibic component, called
Lipid A, which serves to anchor the molecule to the membrane. The second is a core

oligosaccharide and the third component is a hydrophilic O-polysaccharide
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projecting into the extra-cellular space. More than 150 different variants of the third

component are known.
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Figure 1.8 Structure of salmonella endotoxin.
As exampled by saimonella LPS, the molecule has three distinct parts, designated O-polysaccaride
(red), core polysaccaride (black) and lipid A (blue)

Abe = Abequose, Ara = G-Amino-Arabinose, Em = Ethanolamine, Gal = D-Galactose, Glc = D-
Glucose, GIcNAc = N-acetyl-D-Glucosamine, Hep = L-Glycero-Mannoheptose, KDO = 2 Keto-3-
deoxyoctonic acid, Man = D-Mannose, Oac = O-acetyl, P = Phosphoric acid ester, Rha = L-
Rhamnose.

LPS signal transduction in monocytes involves binding to the cell surface receptor
CD14”. Recently it has been shown that the CD14 surface receptor then works in
conjunction with the Toll receptor98 which leads to the activation of tyrosine
kinases”®, protein kinase C'°*!%!, and MAPKSs, p38, p42/44 (ERK) and p54 (stress
activated protein kinase/ INK)!%219 while the role of the MAPKSs in LPS induced
signalling is probably the best characterised, the relationship between the activation
of these signalling molecules and induced cytokine expression is still obscure. The
only exception to this is the observation that inhibition of the p38 MAPK with
specific imidazole inhibitors (e.g. SB203580) prevents translation of the TNFo
mRNA'% Activation of the p42/44 MAPK pathway has also been implicated in
TNFa expression, but these studies have been performed in cell lines transfected
with various mutant forms of Raf-1 kinase, a proximal activator of the p42/44
MAPK pathway104. There is little information on the role of either of these kinases in
regulating the expression of other cytokines in monocytes in general and only one

other study regarding the expression of IL-10 synthesis in panicularms. A recent
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report has suggested that IL-10 production is dependent on protein tyrosine kinase
and protein kinase C activation'®, while several studies suggest that factors that
elevate cAMP are involved in the regulation of monocytic IL-10 production,

primarily at the mRNA level'”"'%,

1.8 Eukaryotic gene transcription regulation

The understanding of eukaryotic transcription regulation has made significant
advances in the past decade and the following essay is by no means a comprehensive
coverage of this extremely important area of research. Instead what follows is merely
an Introduction to an ever-increasing knowledge base on eukaryotic transcription
factors and their roles.

In the early 1960s, Francois Jacob and Jacques Monod performed key experiments,
which began to answer questions about prokaryotic gene regulation“o. These
experimental techniques and strategies were later extended to eukaryotic organisms.
To date, many similarities and contrasts in transcriptional control mechanisms have

been documented between prokaryotic and eukaryotic genes.
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Figure 1.7 RNA Polymerase Il transcription initiation complex. Source : Promega Website 1997.

In eukaryotes, three RNA polymerase complexes play important roles in
transcription. As a general guideline, RNA polymerase I transcribes ribosomal
RNAs, RNA polymerase II transcribes protein-encoding genes, and RNA polymerase
IIT transcribes tRNA genes. Figure 1.7 provides a schematic of an RNA polymerase
I transcriptional and promoter unit, but similar elements also can be found
associated with RNA polymerase I and III transcriptional units. As detailed in this
figure, the RNA polymerase II basal transcription complex consists of RNA
polymerase II, which itself is a multi-subunit complex, together with several other
protein factors (or general transcription factors) such as TBP (TATA-Binding
Protein) and TFIIB. This mega-complex associates with DNA sequences in the
promoter region in close proximity to the transcription initiation site preceding the
gene-coding region''".

Other gene sequences, in addition to the promoter sequences which associate with
the RNA polymerase II mega-complex, can influence the transcriptional activity of
genes. Some of these "response elements" can increase transcriptional activity and

112

often are referred to as activator or enhancer sequences . Traditionally, enhancer
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sequences or modules were identified to function at different distances and in both
orientations, relative to the transcription initiation site.

Enhancer DNA elements have been observed to be bound by corresponding
"activator" proteins. For example, the enhancer region of the SV40 virus, a 72bp
repeat region has binding sites for AP1, AP2 and AP3 transcription factors' .
Positive and negative regulatory effects upon transcription appear to be mediated by
sequence-specific DNA binding proteins, or specific transcription factors, that may
act individually or in combination to modify basal transcriptional activity''*.

Other features in addition to DNA sequences play a role in the binding of
transcription factors to DNA. For example, certain protein structural themes, or
domains, have been identified within the long list of transcription factors. Many
DNA binding proteins have a zinc finger domain, a helix-loop-helix domain, or
helix-turn-helix motif. Many transcription factors also have activation domains such
as glutamine-rich or proline-rich regions. Another level of regulation can occur
between different transcription factors, which is mediated by protein: protein
interactions. Some of the protein structural features identified with this level of
regulation include the leucine-zipper domain and helix-loop-helix motifs. Lastly, the
activities of some factors can be controlled by other enzymes such as kinases,
phosphatases, proteases or other modifying enzymes which regulate the protein’s
structural state, resulting in a protein’s binding ability (or inability). For general
reviews on these topics, see references 114-116.

The phenomenon of activation has been studied in more detail than its counterpart,
repression. Recent experimental evidence suggests that many transcriptional
mechanisms are not exclusively in "on" or "off", "activated" or “repressed” modes.
We are just beginning to understand the dynamics of transcriptional activity of
particular genes during development or the cell cycle in relationship to interactions
between multiple regulatory proteins acting synergistically or antagonistically,
depending on their relative concentrations, regulatory modifications (e.g.,
phosphorylation states) and physical association with the chromatin template.

The study of transcriptional regulation has been advanced by the use of reagents such
as recombinant protein factors, transcriptionally active cell extracts, antibodies,
reporter vectors and transgenic animals. Certain techniques have now become

standard when characterising a putative transcription factor. These assays allow
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detailed analysis of DNA: protein interactions, protein: protein interactions, or

transient and stable expression in cultured cells.

1.9 Aims and Hypothesis

It is hypothesised, therefore, that IL-10 plays a central role in the regulation of
inflammation and that an understanding of the pathways and transcription factors
involved in IL-10 production will allow a greater understanding of many disease
states which evolve from an impaired inflammation response.

In this study we aim to develop a cell line model system which will allow us to look
at the IL-10 regulation within the monocyte/macrophage.

The study will be broken down into three main focus points. The first will examine
the effect of endotoxin, simulating the effects found in inflammation, upon the
primary monocyte cells as well as on the monocyte cell lines to ensure that the
response of the cell lines mimics that found in the primary cell. Secondly, the second
messenger pathways will be mapped for both the primary cell and cell line to ensure
that the cell biology and transcriptional responses behind the endotoxin response are
the same in both cases. The final part of the study will focus on which transcriptional
factors are involved in IL-10 synthesis after LPS stimulation. This will be achieved
by the development of a transfection system so that IL-10 promoter constructs can be

inserted into the cell line.
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Chapter 2
Materials and Methods
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2.1 Materials
2.1.1 Chemicals

Chemicals were in general obtained from the Sigma chemical company, Poole, U.K.,
unless otherwise stated. Cell culture media was obtained from Life Technologies

(Gibco), Paisley; U.K. Radioactive materials were obtained from Amersham, U.K.

2.1.2 Water

General-purpose solutions were prepared with water produced by reverse osmosis
using a Purite R1500 system (diH,O). For tissue culture grade water, diH,O was
filtered through a 0.22um filter (Millipore) before 0.01% Diethyl pyrocharbonate
(DEPC). The water was well mixed followed by an overnight incubation at room
temperature this allowed the DEPC to destroy any present RNases. The DEPC water

was then sterilised as below.

2.1.3 Sterilisation

Solutions and water were sterilised by autoclaving at 15lbs/in® for 15 minutes.
Antibiotics and other heat sensitive materials were sterilised by filtering the solution

through a 0.22um filter (Millipore).
2.1.4 Cell culture medium

Both primary monocytes and monocyte cell lines were maintained in chemically

defined media.

2.1.4.1 RPMI 1640

RPMI-1640 media has been well documented as the preferred media for growing and
maintaining human and non-human monocyte cell lines. For the propagation of the

cell lines THP-1, U937, HL-60 and the mouse cell line RAW 264.7, RPMI media

was prepared as below.
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RPMI containing 4500mg/ml D-glucose was supplemented with 100U/ml penicillin
and streptomycin (sigma), 10% low endotoxin FCS (Gibco), 20mM HEPES (sigma)

and 1% L-glutamine (sigma).
2.1.4.2 30:60:10 media

The 30:60:10 media was based on media used by A. Moses, et al when in 1994 they
published a paper stating that they had managed to transfect primary human
macrophage. 30:60:10 media was prepared as follows.

To 30mls AIM V Research Grade W/O Glutamine was added 60ml Iscoves modified
DMEM with Glutamax II (Gibco) and 10mls of heat deactivated AB pooled human
serum (obtained from the Blood components laboratory, Southampton). To this was

added 100U/ml Penicillin/streptomycin and 20mM HEPES.

2.1.4.3 Trypsin/EDTA

Obtained as a 10x solution (sigma). This solution contains 25g of porcine Trypsin
and 2g of EDTA in Hank’s balanced salt solution. This was made to a working 1x

solution by dilution in Hank’s balanced salt solution (—Ca2+) (Gibco)
2.1.5 Cell Lines

2.1.5.1 THP-1

The THP-1 cell line was derived from the peripheral blood of a 1-year-old male with
acute monocytic leukaemia. The THP-1 cells have Fc and C3b receptors and lack
surface and cytoplasmic immunoglobins. These cells also stain positive for alpha-
napthhyl butyrate esterase, produce lysozymes and are phagocytic (both latex beads
and sensitised erythrocytes). THP-1 cells can also restore the response of purified T
lymphocytes to ConA, show increased CO, production on phagocytosis and can be

differentiated into macrophage-like cells using, for example, DMSO
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2.1.5.2 U937

Derived from malignant cells of a pleural effusion of a 37 year old Caucasian male
with diffuse histocytic lymphoma, the U937 cell line is one of only a few human cell
lines still expressing many of the monocytic like characteristics exhibited by cells of
histocytic origin. Treatment with PMA at a concentration of 400ng/ml for 3-5days

results in the formation of macrophage-like cells.

2.1.5.3 HL-60

Taking peripheral blood lymphocytes obtained by lymphophoresis from a 36-year-
old female produced this cell line. Cell growth after resuscitation is initially slow and
after 6 weeks in culture these cells may differentiate. At any one time 10% of these
cells spontaneously differentiate. This is enhanced proportionately by the addition of
polar-planer compounds, e.g. DMSO, Retinoic acid, etc. Due to their early
phenotypic nature, these cells, when treated with DMSO, can also become

neutrophil-like cells.

2.1.5.4 MonoMac 6

In culture the morphology of a MonoMac 6 cell, is single, round/multiformed cells or
small clusters of cells in suspension. Sometimes loosely adherent, approximately 1-
5% of these cells are giant cells. A human acute monocytic leukaemia, this cell line
was established from the peripheral blood of a 64-year-old man with acute
monocytic leukaemia (AML FAB M5) in 1985. Properties: CD3-, CD13+, CD14+,
CD15+, CD19-, CD33+, CD34-, CD68+, HLA-DR(+).

2.1.5.5 Namawala

Established from a patient with human Burkitt’s Lymphoma, the Namawala cell line
secretes small amounts of an IgM monoclonal antibody of unknown specificity. It
has been used for commercial production of human interferon. The cells contain the

EBV genome and should be handled under laboratory containment level 2.

32



2.1.5.6 RAW 264.7

Established from ascites of a tumour induced in a male mouse by intraperitoneal
injection of Abselon Leukaemia Virus (A-MuLV). The RAW cells will pinocytose
neutral red and phagocytose zymosan. These cells are capable of antibody dependent
lysis of sheep erythrocytes and tumour targets. LPS (0.5ng/ml) inhibit the growth of
the mouse RAW 264.7 cell line

2.1.6 ELISA

An ELISA was set up to calculate the concentration of IL-10 and TNFa produced by
the monocytes.

ELISA plates were obtained from NUNC plastic (Gibco). Plates were blocked with a
blocking solution which contained 1% Bovine serum albumin fraction V (BSA)
(sigma), 5% sucrose (sigma) made up in PBS (see 2.1.9). Standards were produced
by diluting either rhIL-10 or thTNFa (PeproTech EC Ltd, London, U.K.) in RPML
Dilutions were carried out in a 5% BSA solution. Chromagen was produced by
adding 1.5mls of 10x Citric acid buffer (1M sodium acetate and 1M citric acid) to
13.35mls diH,O. To this buffer was added 25ug of TMB dissolved in 150ul DMSO
and 25pl H,0,. This reaction was stopped using a stop solution, which consisted of

4N sulphuric acid.

2.1.6.1 Antibodies

Both the primary capture antibody and the secondary biotinylated antibody for the
IL-10 ELISA were obtained from R&D systems (U.K.). The Streptavidin-Horse
radish peroxidase (HRP) detection system was obtained from Zymed. For the TNFo
ELISA, the primary detection antibody was also obtained from R&D systems. The
secondary antibody was obtained from Peprotech (U.K.) and the tertiary antibody
conjugated with the enzyme HRP was obtained from Dako (U.K.) All antibodies

were made up per the manufacturers instructions and stored at 4°C
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2.1.7 FACS

All antibodies for the detection of IL-10 and TNFo were obtained from Cambridge
Bioscience. Anti CD14 antibody was obtained from sigma. Monensin was made up
into Ethanol at a concentration of 100mM and stored at 4°C. During cell preparation
cells were washed in cell wash buffer which contained 1% FCS, 0.01% sodium azide
in PBS. Saponin buffer was produced by adding 0.1% Saponin, 0.01M HEPES to
PBS.

2.1.8 Inhibitors

Inhibitors were obtained from Calbiochem (U.K.) and were made up according to the

manufacturers instructions.

219LPS

LPS, from E. coli serotype B055:55 was dissolved to a concentration of 20mgs/ml in

DMEM. This stock solution was stored at ~20°C until required.

2.1.10 RT-PCR
All reagents and enzymes for the RT-PCR were obtained from Promega (U.K.).

DEPC’d water was produced as already mentioned in 2.1.2 above. Primers were

synthesised from OSWELL (Southampton, U.K.) from published protocols.

IL-10 primers

IL103P = 5’ TCTGT TGCCT GGTCC TCCTG ACTG 3° (47-73)

IL105P = 5 CTCAC TCATG GCTTT GTAGA TGC 3° (488-501)
B-Actin primers

BACTINF= 5 GCCAG CTCAC CATGG AT 3> (31-47)

BACTINR = 5° AGGGG GGCCT CGGTC AG ¥ (370-354)
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2.1.11 General Solutions

Phosphate Buffered Saline TAE Buffer
137mM NaCl 2M Tris-acetate
2.7mM KCl 50mM EDTA
4.3mM Na,HPO, pH 8.0
1.4mM KH,PO,
pH74
PBS/T TEN Buffer
PBS plus 0.05% Tween 20 (w/v) 40mM Tris-Hcl, pH 7.5
150mM NaCl
ImM EDTA
RF1 RF2
100mM RbCl | 10mM MOPS
50mM MnCl,.4H,0 10mM RbCl
30mM potassium acetate 75mM CaCl,..H,O
10mM Cac(Cl,.,H,0O 15% glycerol (w/v)
15% glycerol (w/v) adjust pH to 5.8 with 0.2M acetic acid
adjust pH to 6.8 with NaOH

Sterilise both RF1 and RF2 by filtration through 0.22pm membrane.

2.1.12 Plasmids

Restriction enzymes and the pGL-2 basic plasmids were obtained from Promega
(Southampton, U.K.).

DR. N. Sheron obtained the IL-10 luciferase promoter constructs from Dr D. Kube.
The IxB-LUC plasmid and the sie-CAT plasmid were obtained from Dr. D. Mann.
The IL-10 Luciferase constructs as well as the IkB-LUC plasmid are LPS responsive.

The sieCAT plasmid is IFN-y responsive.
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2.1.13 Growth and preservation of E. coli

Luria (L-) broth was prepared by dissolving 10g tryptone, 5g yeast extract and 5g
NaCl in 1L of distilled water and adjusting the pH to 8.0. Aliquots of LB were
autoclaved in conical flasks or Bijou bottles.

L-agar was prepared by adding 1.5g agar to 100ml L-broth, autoclaving and
equilibrating the temperature to 50°C in a waterbath before pouring the plates. Note:
agar plates, when poured, were stored at 4°C and used within one week. The plates
were dried open and inverted for 30 minutes immediately prior to use.

Ampicillin was dissolved in 50% ethanol at a stock concentration of 25 mg/ml and

filter sterilised. The working concentration was 100ul/ml.

2.2 Methods
2.2.1 Maintenance of cell lines

Cell lines were all grown in RPMI (2.1.4.1). Primary human blood monocytes were
maintained in 30:60:10 media (2.4.1.2). Cell cultures were maintained at 37°C in an
atmosphere of 5% CO, and were routinely passaged.

For passaging, the cell suspension was collected into a 50ml centrifuge tube and spun
at 1000rpm for 5 minutes. The supernatant was removed and replaced with fresh
media. Cell pellet was gently re-suspended by pipetteting and the cell suspension
transferred to a fresh Nunclone tissue culture flask (Gibco).

For the passaging of monolayer cells, primary blood monocytes and RAW 264.7
cells, the supernatant was removed and the cells washed in PBS three times. Cells
were then incubated with x1 Trypsin/EDTA at 37°C to dislodge the cells from the
flask. The detached cells were then transferred to a sterile 50ml centrifuge tube and
collected by centrifugation at 1000rpm for 5 minutes. The pellet was re-suspended in
fresh media and plated out onto fresh plastic.

For long term storage of cells, the cells were re-suspended in appropriate media

containing 25% FCS, 10% glycerol (v/v) and maintained in liquid nitrogen.
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2.2.2 Isolation of human monocytes from buffy coats

Buffy coats were obtained from the Blood Components Lab. at Southampton General
Hospital. Only buffy coats from same blood groups were mixed. The buffy coat was
transferred to a sterile bottle. Aliquot Histopaque 1077 (sigma); density 1.077g/ml,
into 50ml centrifuge tubes (20ml/tube). With centrifuge tubes supported at a 30-45
degree angle, carefully overlay ~5ml of buffy coat onto the Histopaque into each
tube. Carefully return each of the centrifuge tubes to a vertical position and slowly
pipettete a further 15 mls of the buffy coat into each tube, being careful not to mix
the buffy coat with the Histopague. This should leave approximately 20mls of buffy
coat.

Blood was carefully placed in a Beckman (type T-J6) centrifuge with a swing out
rotor. Tubes were spun at 700g (-2000rpm) for 30 minutes at room temperature. (N.B
DO NOT USE BRAKES AT THIS STEP).

After centrifugation four layers can be seen. The bottom layer consists of the red
blood cells. The layer on top of this is the Histopaque. Next is a thinner band that
contains the peripheral blood mononuclear cell (PBMC). Above this is the plasma
layer. Pipettete off the plasma layer from the top of each tube to within Smm depth of
PBMC layer. Add this plasma to the remaining 20ml of buffy coat.

Carefully remove PBMC band from each tube (should have 4-5mls/tube), carefully
ensuring minimum contamination from plasma and Histopaque layers. Pool PBMC
in 2 universal containers and dilute 1:1 with ice-cold PBS/2.5mM EDTA/10mM
glucose. Spin universals at 360g (-1500rpm), for 10 minutes at room temp, in a
swing out rotor. Pour off supernatant (which will be cloudy, this contains
eosinophils and basophils), and re-suspend each PBMC pellet in 10ml ice-cold
PBS/2.5mM EDTA/10mM glucose.

Aliquot 30ml foetal calf serum (FCS) into each of two 50ml centrifuge tubes.
Carefully overlay the diluted PBMC suspension (10ml/tube). Spin at 200g (1100rpm)
for 15 minutes (at room temperature) in a swing out centrifuge. Discard the
supernatant containing the platelets, and re-suspend each pellet in 20ml of warm
30:60:10 media. Pool and count the re-suspended cells. Aliquot cells out at 1x10°

cells/em” onto 75cm? tissue culture grade cell flasks and incubate for one hour at

37°Cin 5% CO,.
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After 1.5 hours, carefully wash flasks with sterile PBS three times to remove all non-
adherent cells, then Trypsinise the cells into 5-10mls of PBS using a rubber
policeman. Spin cells in a centrifuge at 1000rpm for 5 minutes and re-suspend pellet
in 10mls of 30:60:10 media. Count cells in haemocytometer using Trypan blue cell
counting method and re-suspend cells at desired concentration (e.g. 1x10° cells/ml).

Plate cells into desired plates and allow to adhere overnight.

2.2.3 Inhibitor experiments

To examine the effect of inhibitors on the IL-10 production in macrophage cells,
primary human blood monocytes or monocyte cell lines were washed, counted and
plated out at a concentration of 1x10° cell/ml into a 96 well Nunclone tissue culture
plate (Gibco). Cells were allowed to recover from isolation/washing overnight.

Next day the cells were treated with inhibitor of choice and allowed to incubate for 1
hour at 37°C. After this incubation, the supernatants were removed and fresh media
containing the inhibitor of choice and LPS (typically added a 100pg/ml) was added
for 24hrs. After incubation supernatants were collected and stored at -20°C until an

ELISA (see 2.2.4) could be performed.
2.2.4 Enzyme Linked ImmunoSorbant Assay (ELISA)

Primary capture antibody (100ul/well) was added to each well (Spg/ml IL-10
primary antibody and Spg/ml TNFa antibody) and allowed to adhere overnight at
4°C to the ELISA plates. Next day the wells were blocked with 300ul of blocking
solution at room temperature for no less than 2 hours. After blocking, the plates were
washed in a Wellwash 4 plate washer 3 times with PBS/T. Next 100ul of standards
and sample supernatants were added to each well and allowed to incubate at room

temperature for 2hrs.
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IL-10 standard curve range (pg/ml); TNFo standard curve range (pg/ml);

9.05 10.29
27.16 30.86
81.48 92.59
2444 2717.78
733.34 833.3
2200 2500
6600 7500

After incubation the plates were again washed three times in PBS/T and the
secondary antibody added (both IL-10 and TNFq at 0.27ug/ml). After incubation the
excess secondary antibody was washed away (x3 in PBS/T) and the Streptavidin-
HRP added at 1:2000 dilution for the 1L.-10 ELISA and the TNFaq tertiary antibody
(swine anti-goat-HRP, Dako) was also added at 1:1000 dilution. The Streptavidin-
HRP was allowed to incubate with the IL.-10 for 20 minutes and the tertiary TNFo
antibody was allowed to incubate for lhr at room temperature. Once again excess
antibody was wash away with x3 washes with PBS/T and the chromagen added
(100ul/well). The plate was allowed to develop in the dark for 20 minutes before the
reaction was stopped with 30ul of the stop solution.

The plates were read in the Anthos II plate reader at 450nm with a reference filter of

620nm.
2.2.5 Intracellular Cytokine Staining

Staining of intracellular cytokines depends on the identification of cytokine-specific
monoclonal antibodies compatible with a fixation/permeabilisation procedure.
Optimal intracellular cytokine staining has been reported using a combination of
fixation with paraformaldehyde and subsequent permeabilisation of cell membranes
with the detergent saponin. Paraformaldehyde fixation allows the preservation of cell
morphology and intracellular antigenicity, while also enabling the cells to withstand
permeabilisation by detergent. Membrane permeabilisation by saponin is critical for
allowing the cytokine specific monoclonal antibody to penetrate the cell membrane,
cytosol and membranes of the endoplasmic reticulum and golgi apparatus. Critical

parameters for cytokine staining include the following; cell type and activation
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protocol, the time of cellular harvest following activation, the inclusion of a protein
transport inhibitor during cell activation and the choice of anti-cytokine antibodies.
The most common inhibitors of protein transport inhibitors are monensin and
brefelding A, which blocks intracellular transport processes and results in the
accumulation of most cytokine proteins in the rough endoplasmic reticulum or golgi
complex, thus enhancing the cytokine staining signal.

Re-suspend 10-20mls of 0.5-1x10° cells/ml of chosen cell type (e.g. THP-1, RAW
cells or primary human blood macrophage and allow to adhere or rest overnight
before next step). Add LPS (10ul/ml) and/or other stimulus, to cells and allow to
incubate for desired time. Three hours before harvesting, monensin (2.5uM) was
added to the cells. The cells were then allowed to incubate with the monensin at
37°C in 5% COa.

Harvest cells into FCS, to block the Fc receptors and thus reduce non specific
immunofluorescent staining, and spin down at 1,000rpm for 5 minutes, wash cells in
PBS/0.1%sodium azide (w/v)/1% FCS (Wash Buffer) and respin down at 1000rpm
for 5 minutes. It should be noted that primary cells should be scraped and not
Trypsinised since Trypsinisation destroys the CD14 marker. Once the cells had been
harvested and washed, they were stained with an anti CD14 antibody, so as to isolate
the monocytes when they were passed through the FACS analyser. Re-suspend cells
in 0.5mls PBS containing 4% Paraformaldehyde at 4°C for 10 minutes. Note that
paraformadehyde strips the cells of most of their CD markers, and therefore, CD14
staining must be carried out before fixation.

Wash cells in Wash Buffer and re-suspend in 500u1 of PBS containing 0.1% Saponin
(and 0.01M HEPES) (Saponin Buffer).

To control cells, to show no non-specific binding of Ab takes place, add x10
concentration of unconjugated Ab. For 20 minutes at 4°C. To surface stained cells
add 10yl of control Anti-CD CD14 biotin labelled Ab.

Do not wash away the blocking Ab from blocked samples, instead add 10ul of
labelled cytokine antibodies and incubate at 4°C for 20 minutes in the dark. For
detection of biotynylated Ab add 10ul of fluorochrome conjugated streptavidin,
incubate the cells for 20 minutes in the dark at room temp. Wash cells with PBS and
re-suspend cell pellet in 0.5ml PBS and analyse on the FACScan using three colour

analysis with WinMiDi 2.8 software.
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2.2.6 Growth and Preservation of E. coli

The E. coli strain DH50. was routinely grown aerobically at 37°C on LB agar. The
strains were then kept as working stocks on the LB agar plates at 4°C and passaged
at intervals of 4-5 weeks. Plasmid-encoded ampicillin resistant E. coli strains were
grown and maintained on LB agar supplemented with 100ul/ml ampicillin.

Liquid cultures of E. coli were usually grown in LB medium for 16 hours at 37°C in
an orbital shaker at 300 rpm. Ampicillin resistant E. coli was grown under the same
conditions in LB containing 100ul/ml ampicillin. For long term storage, a cell
suspension was stored at -70°C in LB containing 15% glycerol.

For a static overnight culture of E. coli, the culture was prepared by inoculating 10

ml of LB medium with the bacteria and incubation at 37°C overnight without

shaking.
2.2.7 Transformation of E. coli
2.2.7.1 Preparation of competent E. coli

A 10 ml static culture (2.2.5) of the recipient E. coli was grown overnight at 37°C. A
Iml aliquot of the static culture was used to inoculate 50 ml of LB medium and
incubated in an orbital shaker at 300 rpm at 37°C until the Asso value reached 0.4-0.5
(approx. 2 hours). The culture was then collected in a 50 ml polypropylene centrifuge
tube and incubated on ice for 15 min. All subsequent steps were carried out at 4°C.

The cells were collected by centrifugation at 2000 g for 10 min and the supernatant
discarded. The pellet was immediately re-suspended in a volume of RF1 (2.1.9) that
was 1/3 of the volume originally collected. The suspension was incubated on ice for
15 min. Cells were then pelleted as above. The supernatant was again discarded and
the bacterial pellet re-suspended in RF2 (2.1.9) to 1/12.5 of the original volume and
incubated on ice for 15 min. The cells could then be used for transformation (2.2.6.2)
or distributed into aliquots, frozen in liquid nitrogen and stored at -70°C for

subsequent use.
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2.2.7.2 Transformation of competent E. coli

Transformation was achieved by incubation of the transforming DNA (typically
10ng of DNA in a maximum volume of 10 pl) with 100 pl of the competent cells
(2.2.7.1). The DNA and competent cells were incubated on ice for 30 min with
occasional agitation followed by a 2 min heat shock at 42°C and subsequent chilling
on ice for a further 5 min.

Transformed cells were brought to room temperature, diluted in an equal volume of
LB medium and inoculated onto LB agar. If the transformed DNA encoded for
antibiotic resistance (i.e. ampicillin) then the LB agar was supplemented with the

appropriate antibiotic.
2.2.7.3 Isolation of Plasmid DNA

Plasmids were isolated from E. coli using the Qiagen EndoFree Maxi Kit (Qiagen,
Crawley) following the manufacturers instructions. Briefly;

A single colony from a freshly streaked selective plate was used to inoculate a starter
culture of 2-5ml LB medium containing the appropriate selective antibiotic.
Incubate for ~8 h at 37°C with vigorous shaking (~300rpm).

Dilute the starter culture 1/1500 to 1/1000 into selective LB medium. For high-copy
plasmids inoculate 100ml medium, and for low-copy plasmids, inoculate 250ml
medium. Grow at 37°C for 12-16 hrs with vigorous shaking (~300rpm). Harvest the
bacterial cells by centrifugation at 6000 x g for 15min at 4°C. Re-suspend the
bacterial pellet in 10ml Resuspension Buffer P1. Add 10ml Lysis Buffer P2, mix
gently but thoroughly by inverting 4-6 times, and incubate at room temperature for
Smin.

During the incubation prepare the QIAfilter Cartridge: Screw the cap onto the outlet
nozzle of the QIAfilter Maxi Cartridge. Place the QIAfilter Cartridge into a
convenient tube.

Add 10ml chilled Buffer P3 to the lysate, and mix immediately but gently by
inverting 4-6 times. Proceed directly to the next step. Do not incubate the lysate on
ice. Pour the lysate into the barrel of the QIAfilter Cartridge. Incubate at room

temperature for 10min. Remove the cap from the QIAfilter outlet nozzle. Gently
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insert the plunger into the QIAfilter Maxi Cartridge and filter the cell lysate into a
50ml tube.

Add 2.5ml Buffer ER to the filtered lysate, mix by inverting the tube approximately
10 times, and incubate on ice for 30min. Equilibrate a QIAGEN-tip 500 by applying
10ml Buffer QBT, and allow the column to empty by gravity flow. Apply the filtered
lysate to the QIAGEN-tip and allow it to enter the resin by gravity flow. Wash the
QIAGEN-tip with 2x30ml Buffer QC. Elute DNA with 15mls of buffer QN.
Precipitate  DNA by adding 10.5mls (in 0.7ml volumes) room temperature
isopropanol to elute the DNA. Mix and centrifuge immediately at >15,000xg for 30
minutes at 4°C. Carefully decant the supernatant. Wash the DNA pellet with Smls of
endotoxin free, room temperature 70% ethanol and centrifuge at >15,000xg for 10
minutes. Carefully decant the supernatant without disturbing the pellet.

Air-dry the pellet for 5-10 minutes and redissolve the DNA in a suitable volume of
endotoxin free water.

Determination of yield was carried out using both agarose gel analysis and UV

spectrophotometry.
2.2.8 Agarose gel electrophoresis

Agarose gel electrophoresis was used for the separation and characterisation of
plasmid DNA obtained from 2.2.7.3. It was performed with a horizontal submerged
slab gel electrophoresis system. The gel system used was of the ‘mini-gel type where
the gel is cast directly into the electrophoresis apparatus (Cambridge
Electrophoresis).

The gel routinely used consisted of agarose at a concentration of 1% (w/v) containing
ethidium bromide at 0.5 pg/ml in Ix TAE buffer. The gel was formed by boiling the
required amount of agarose in the required volume of Ix TAE in a microwave oven.
The agarose was allowed to cool to 50°C and the ethidimn bromide added just prior
to pouring. The gel was poured into the electrophoresis apparatus without the
formation of bubbles and allowed to set for 30 min. Perspex combs of varying teeth
size were inserted into the molten gels to create loading wells. Once set the comb
was removed and the gel completely submerged in 1x TAE buffer. Samples to be
loaded were mixed with a one-sixth volume of gel loading buffer (Promega,

Southampton) and loaded into the wells of the gel under the 1x TAE buffer. An
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aliquot (5ul) of a suitable DNA marker (usually 1-kb DNA mass ladder, Gibco BRL)
was used to size the electrophoresed DNA. Samples were routinely run through the
gel at 90V for 1 hour or until the orange G dye front had reached the end of the gel.

After electrophoresis the DNA was visualised by medium wave UV illumination.
Photographic images of the gel were obtained using Polaroid 667 black and white
film (ASA 3000) using a red filter. An exposure time of between 1 and 4 seconds at

an aperture setting of F11 was usually sufficient.

2.2.9 Agarose gel extraction.

Occasionally it was necessary to extract the Plasmid DNA from the agarose gel. To
do this the Qiagen Gel Extraction kit was used (Qiagen). The kit was used in
accordance with the manufacturers instructions. Briefly;

Excise the DNA band from the agarose gel with a clean sharp scalpel. Weigh the gel
slice in a colourless tube. Add 3 volumes of buffer QX1 to 1 volume of gel for DNA
fragments 100bp - 4kb. Re-suspend QIAEX II by vortexing for 30sec. Add 30ul
QIAEX II to the sample and mix.

Incubate at 50°C for 10min to solubilise the agarose and bind the DNA. Mix by
vortexing every 2min to keep QIAEX 1I in suspension. Check that the colour of the
mixture is yellow. Centrifuge the sample for 30sec and carefully remove supernatant
with a pipette. Wash the pellet with 500u1 of Buffer QX1.

Wash the pellet twice with 500ul of Buffer PE. Air-dry the pellet for 10-15min or
until the pellet becomes white. To elute DNA, add 20ul of 10mM Tris-Cl, pH 8.5 of
H,0 and re-suspend the pellet by vortexing. Incubate at room temperature for 5

minutes. Centrifuge for 30sec. Carefully pipettete the supernatant into a clean tube.
2.2.10 Transfection of monocytes

2.2.10.1 Lipofectin

On day one plate out cells on a 90mm” culture dish at a density between 5-10x10°
cells/ml and allow them to adhere overnight at 37°C in 5% CO,. Transfect the cells

on day two as follows:
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Add 20u1 of lipofectin reagent to 80ul of serum and antibiotic free RPMI-1640 and
incubate at room temp for 20 minutes. Add 5-10ul of DNA and make up to a total of
100ul with serum and antibiotic free RPMI-1640 and add to the lipofection solution.
Incubate at room temp for 15mins. During this incubation, wash the macrophage
with PBS x2 and replace with serum and antibiotic free RPMI-1640 (approx. 5-
7mls). Add 800ul of serum and antibiotic free RPMI-1640 to the lipofectin/DNA
solution mix gently and add to the cells. Incubate the cells for 6 hours at 37°C in 5%
CO,. After 6 hours, the lipofectin/DNA solution was washed off and the cells

allowed to recover, in complete media, overnight before stimulation.

2.2.10.2 Effectene

Effectene was obtained from Qiagen and tranfections carried out according to
manufacturers instructions.

The DNA was diluted with the DNA-condensation buffer (buffer EC), to make a
total volume of 150ul. The enhancer solution was added and the mixture vortexed for
1 second. The mixture was left to incubate at room temperature for 5 minutes. Once
done, the effectene transfection reagent was added to the DNA-enhancer mixture and
the solution mixed by pipetteting. Allow this mixture to incubate at room
temperature for 10 minutes to allow complex formation.

During complex formation, gently aspirate the growth media from the plated cells
and wash once in PBS. The media was collected and spun down and added back to
the cells at a 50:50 ratio with fresh media.

600u1 of fresh media was added to the reaction tube containing the DNA complexes
and the solution mixed by pipetteting. This mixture was added back to the cells drop
by drop and the complexes gently distributed around the wells. Cells were incubated

at 37°C in 5% CO; to allow gene development overnight. Next day cells were

stimulated to express genes.
2.2.10.3 Electroporation

Gently aspirate the growth media from the plated cells and wash once in PBS. The
media was collected and spun down and added back to the cells at a 50:50 ratio with

fresh media.
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To the cells plasmid DNA was added, dissolved in H;O, at desired concentration and
mixed well with the cell suspension by pipetteting. The Cell/DNA mixture was
allowed to incubate at 37°C for 10 minutes to allow DNA to bind to the surface of
the cell.

The cell/DNA mixture was then added to a Gene Pulser 0.4cm Cuvette (BioRad,
Hercules, USA) and subjected to a 290V/196uFD electric pulse in a BioRad Gene
Pulser.

Cells were plated out into conditioned media and allowed to recover for 48hrs before

stimulation.

2.2.10.4 Superfect

Superfect was obtained from Qiagen and tranfections carried out according to
manufacturers instructions.

Add 2:1 (ethanol:DNA) + 1/10™ (of DNA volume) 3M sodium acetate, note sodium
acetate was added prior to ethanol. This was mixed well and spun for 5 minutes at
13,000rpm. From here the rest of the protocol should be carried out under sterile
condition. Remove the supernatant and wash the DNA pellet in 70% ethanol (spin at
13,000rpm for Sminutes). Remove the supernatant and allow the DNA pellet to air
dry. Add tissue culture grade water (2.1.2) to DNA and allow pellet to dissolve.

DNA and serum free media was mixed by vortexing followed by a brief
centrifugation to bring solution to the bottom of the tube. Next, the superfect reagent
was added to the DNA solution and the contents mixed on a vortexer for 10 seconds,
followed by a brief centrifugation. The DNA/superfect was left to incubate at room
temperature for 10 minutes to allow complex formation.

During superfect/DNA complex formation, the cells were lightly washed with PBS
twice, cell supernatant was collected and mixed 50:50 with fresh media. Once
incubation was complete, 600ul of fresh media was added to the complex solution
and added to the cells. Cells were incubated with the complex solution for 3 hours at
37°C. After 3 hours superfect/DNA complex was removed and the cells gently
washed once in PBS. To these cells, the conditioned media from above was added

back to the cells and the cells allowed to recover overnight before stimulation.
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2.2.11 Analysis of transfected promoter

2.2.11.1 CAT assay

Cells were then harvested and a Chloramphenicol Acetyl-Transferase (CAT) assay
carried out as follows:

Cells were washed twice in PBS (note at this stage the process can be carried out
outside the hood, i.e. it does not have to be sterile) and 1ml of TEN buffer is added to
aid in the ‘unsticking’ of the cells. The cells were allowed to incubate with the TEN
buffer for 5 minutes at room temp. The cells were then harvested into the TEN buffer
using a cell scraper and placed into a 1.5ml microcentrifuge tube. The cells were then
spun down at 1,000rpm for 5 minutes.

The supernatant is then discarded and to the pellet 50-100ul of 0.25M Tris-HCI,
pH7.8, was added and the cells disrupted by three times a free/thawing cycle in
liquid nitrogen and at 37°C respectively. Cellular deacetylases were deactivated by
incubation at 65°C for 10 minutes. The debris was removed by spinning the sample
at 13,000rpm for 5 minutes and the supernatant collected. The protein concentration
was then determined for each sample and the equivalent amount of protein added to

each assay.

The reaction mixture contained:
50ul cell extract + 0.25M Tris-HCl, pH7.8
70ul 1M Tris-HCI, pH7.8
20ul 4mM acetyl Co-A
1u1 [**C] Chloramphenicol (50mCi/mmol)

The reaction was incubated for 1 hour at 37°C and the substrate and products
extracted with 500ul of ethyl acetate by vortexing for 30 seconds. The two phases
were separated by centrifugation at 13,000rpm for 5 minutes and the upper organic
phase collected into a fresh microcentrifuge tube. The ethyl-acetate was evaporated
under vacuum in a Sorvall SpeedVac and the remaining pellet re-suspended in 15ul
of fresh ethyl acetate.

The products of each CAT assay were then spotted onto a silica gel thin layer

chromatography plate and separated by ascending chromatography with a mixture of
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chloroform: methanol (95:5) After the chromatography has run the silica gel was

allowed to air dry and the plate exposed to X-ray film.

2.2.11.2 Luciferase assay

Luciferase activity was recorded using the promega luciferase assay kit (Promega,
Southampton) according to the manufacturer’s instructions.

Briefly, Cells were harvested and washed 1x in PBS to remove contaminating
autoflourescent components from the media. Next the cells were lysed using the
passive lysis buffer (PLB). For monolayer cells, PLB was added directly to the flask
and the culture plate gently shaken for 15 minutes at 25°C. The lysate was then
transferred to an eppidorf tube. A protein assay was carried out (see 2.2.12) on the
samples and the volume adjusted to ensure equal protein concentrations.

100ul of LAR II buffer were predispenced into luminometer tubes. The luminometer
was preset for a 2-second premesurment delay followed by a 10 second
measurement. 20ul of the cell lysate was added to the 100ul of LAR II buffer and
mixed gently by pipetteting 2-3 times. Note, the samples should never be vortexed
since this may coat the sides of the luminometer tube. Read samples in the

luminometer and record results.
2.2.12 Determination of protein concentration

To determine the concentration of a given sample of protein the DC Protein Assay
Kit from BioRad was used. It was compatible with solutions containing detergents
and was used according to the manufacturer s instructions. The BioRad DC Protein
Assay is a colourimetric assay and the reaction is similar to the well-documented
Lowry (1951) assay. The assay is based upon the reaction of protein with an alkaline
copper tartrate solution and Folin reagent. As with the Lowry assay, there are two
steps that lead to colour development: the reaction between protein and copper in
alkaline environment and the subsequent reduction of Folin reagent by the copper
treated protein. Proteins effect a reduction of the Folin reagent by loss of 1, 2 or 3
oxygen atoms, thereby producing one or more of several reduced species which have
a characteristic blue colour with maximum absorbence at 750nm. Briefly, Sul of

sample or standard curve were added to a 96 well plate. If detergent was present in
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the sample then 20ul of reagent S was added to 1ml of reagent A to produce reagent
A’. To the protein sample 25pl of reagent A or A’ was added, followed by the
addition of 200ul of reagent B. The reaction was allowed to proceed at room
temperature for 15 minutes before being read at 620nm in the ANTHOS II plate

reader.

2.2.13 RT-PCR

Numerous techniques have been developed to measure gene expression in tissues and
cells. These have included Northern Blots, coupled reverse transcription and PCR
amplification (RT-PCR), RNase protection assays, in situ hybridisation, dot blots and
S1 nuclease assays. Of these methods, RT-PCR is the most sensitive and versatile.
The techniques can be used to determine the presence or absence of a transcript, to
estimate expression levels and to clone cDNA products without the necessity of

constructing and screening a cDNA library.

First Strand Synthesis

Random Primer —_
5 AAAAAAAAT
F=NE-Ne-N6+N+NE+N

Oligo(dT) Primer \
S'w AAAAAAAA 3' LPCR
3 TTTTTTTTS

)

Sequence Specific Primer(
5'

3!1 _—

Figure 2.1 Schematic diagram of RT-PCR.

RT-PCR was utilised to determine the presence or absence of IL-10 mRNA, with B-
actin used as a control. For the IL-10 RT-PCR, we modified the already published
methodology of Knolle, P.A., et al''’. For the B-actin protocol, the methodology of
Housby, J.N. et al''® was adopted. RNA was collected using the Qiagen RNeasy kit,
briefly the method was as follows, Cells were harvested by centrifugation (1,000rpm
for 5 minutes) and the media completely removed. It is essential to remove all the
media, since this may inhibit lysis and dilute the lysate, thus affecting the later

binding conditions of the RNA to the RNeasy membranes. Cells grown in a
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monolayer, such as primary monocytes, can be lysed directly in the tissue culture
vessel. Cell membranes were disrupted by the addition of buffer RLT, containing
10ul B-Mercaptoethanol/1ml of buffer (at this stage cell lysates can be stored at —

70°C for several months). Add buffer RLT at the following volumes;

Buffer RLT(ul) Number of Pelleted Cells Dish Diameter (cm)
350 up to 5x10° <6
600 5x10° to 1x10’ 6-10

Next the samples were homogenised, by pipetteting the lysate directly into a
QIAshredder column, sitting in a 2ml-collection tube, and centrifuging at maximum
speed for 2 minutes. Collect the flow-through. To the homogenised sample, 1 volume
of 70% ethanol was added and mixed well by pipetteting, do not centrifuge after
adding the ethanol. Apply up to 700ul of sample, including any precipitate that may
have formed, to a RNeasy mini spin column, sitting in a 2ml-collection tube, and
centrifuge for 15 sec at >8,000g, unless otherwise stated all following centrifugation
steps are carried out at this speed. If any homogenised sample is left repeat in the
same column, do not use a fresh column. After each spin discard flow-through.
pipettete 700u1 of the wash buffer RW1 onto the RNeasy column, and centrifuge for
15 secs, discard the flow-through. Transfer the RNeasy column to a fresh 2ml-
collection tube and pipette 500ul of buffer RPE into the column. Centrifuge for 15
secs, discard flow-through and repeat, this time for 2 minutes to dry the column’s
membrane. The RNeasy column was then transferred into a 1.5ml collection tube and
30-50ul of RNase-free water was applied directly to the membrane and centrifuges
for 1 minutes to elute the RNA. This was repeated if the expected yield of RNA was
greater than 30ug.

OD readings and RNA integrity gel, determined RNA quality and concentration. OD
readings were carried out in the BIORAD SmartSpec 3000 Spectrophotometer,
following the manufacturer's instructions. An integrity gel was set up and run as
follows, the required gel volume was prepared in RNase free glassware and
microwaved for approx. 45 seconds on full power, or until all the agarose has

dissolved
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Gel Vol. 20mls 40mls 100mls

Agarose 0.2g 0.4g 1.0g
10xMOPS™ 2mls 4mls 10mls
DEPC’d H,0 18mls 36mls 90mls

In fume Cupboard:
37% Formaldehyde 1ml 2mls Smls

“10xMOPS — 41.8g MOPS (0.2M), 4.1g sodium acetate (50mM), 3.72g EDTA (10mM). pH was
adjusted to 7.0 with 6M NaOH and made up to 1 litre with diH,0. Iml of DEPC was added and well
mixed followed by on overnight incubation at room temperature. Next day the MOPS solution was

autoclaved.

Once gel has dissolved, it was poured into gel cast and allowed to cool and set in the
fume cupboard. While gel was setting, gel tank was set up and 1xMOPS running
buffer made by adding 25mls 10xMOPS to 225ml DEPC’d H,O. Place gel apparatus
into the gel tank and buffer added to cover/submerge the gel plate. Next the samples
were prepared. 1pug of RNA was added to 1ul of gel loading dye (ImM EDTA, pH
8.0, 0.25% bromophenol blue, 0.25% xylene cyanol, 50% glycerol in DEPC’d H,0),
and heated to 65°C for 10 minutes. After the sample had been heat treated, 1ul of
ethidium bromide was added. Sample was well mixed and spun down. Sample was
loaded onto gel and run at 90V for between 40 and 60 minutes, or until the dye front
had moved *srds the way towards the anode. The gel was viewed under a U.V. light
and the result recorded with polariod film.

N.B. All RT-PCR enzymes must be kept on ice at all times. When not in use store at
-20°C.

Once the RNA had been collected and checked, it was subjected to an RT step. To an

eppendorff, the following was added,

RNA Ipg

5x Reaction Buffer 4ul
10mM dNTP’s 2ul
Random Hexamers 3.2ug
RNasin 20U
M-Mul-RTase 20U
DEPC’d H,O to 20ul
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The RT reaction was allowed to continue at 37°C for 1 hour. After 1hr, heating the
sample to 95°C for 2 minutes stopped the reaction, by deactivating the RTase. The
reaction was then chilled for 5 minutes on ice. After this 80ul of DEPC’d H,O0, to
make a final volume of 100ul of cDNA.

Once the cDNA had been made it was subjected to a PCR step.

Master Mix Submix
50mM MgCl, = 1.5pl 10mM dNTP’s = 1pl
10x Enzyme buffer = 5pl Primers = 45pmoles

43.5ul Master Mix (to 13ul)
For IL-10 primers; 1L105P = 1ul, IL103P
= 1.2ul.
For p-Actin primers; BACTINR = 1ul,
BACTINF = 1ul.

diH,O (to 50ul)

To an eppendorff, 13ul of submix was added with 1 paraffin wax pellet. This was
heated to 95C for 2 minutes before being allowed to cool, this allowed the paraffin
wax pellet to melt and cover the submix is a solid cover upon cooling. Once cooled,
to each eppendorff 37ul of master mix, Sul of cDNA and 1.6U of Taq polymerase
was added.

Once the samples were prepared they were run in Hybaid Omnigene PCR machine

with the following settings;

IL-10 B-Actin

Stage 1Heat to 94°C for 2 mins. Heat to 94°C for 2 mins.

Stage 2i) Heat to 94°C for 20 sec. i) Heat to 94°C for 45 secs.
ii) Heat to 68°C for 1 min. ii) Heat to 46°C for 45 secs.

iii) Heat to 72°C for 2 mins.

Repeat for 35 cycles. Repeat for 35 cycles.

Stage 31) Heat to 72°C for 10 mins. i) Heat to 72°C for 7 mins.
ii) 10°C overnight holding. ii) 10°C overnight holding.
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Next day, the PCR products were run out on a 1.5 Agarose gel (see 2.2.8) IL-10
products ran at approx. 450bp in size, while -Actin ran at approx. 340bp in size.

Results were recorded using Polaroid film.
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Chapter 3
Development of an IL-10 Assay System
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3.1 Aims and Introduction

The aim of this part of the project was to devise a quantitative assay system for
determining the quantity of IL-10 and TNFoa, which was produced by the
macrophage in response to various stimulations. In order to determine the amount of
IL-10 being produced by the monocytes, it was necessary to set-up an assay
procedure which was sensitive, quick, cheap and reliable enough to read small
changes in IL-10 production over large numbers of samples.

Many techniques were discussed, the first of which was RT-PCR, which is quick,
relatively cheap and extremely sensitive. However this was discarded, as a viable
assay system, since the presence of the messenger RNA, does not necessary indicate
that IL-10 protein is present. For example, in one study“g, decidual cells in culture
produced IL-10 in response to IL-1 beta, but chorion and amnion cells produced no
IL-10 protein. In vivo protein expression by immunohistology showed that most
protein was detected within decidual while cells within amnion and chorion rarely
had detectable IL-10 protein. However, in vivo RT-PCR samples demonstrated the
strongest IL-10 mRNA signal from decidual samples, with IL.-10 mRNA also being
noted in chorion and amnion of placentas obtained after preterm labour. Other
methods were also discussed, e.g. ELSA Spots, but in the end it was decided that the

best assay system to used was the sandwich ELISA technique.
3.1.1 Sandwich ELISA

ELISA is an immunohistochemical technique that uses the specificity of antibodies
to recognise only one eptitope on the surface of an antigen.

Briefly, a primary monoclonal antibody is used to coat the surface of a 96 well plate.
A monoclonal antibody is used since polyclonal may recognise epitopes, which are
present on other molecules. Next a blocking agent, consisting of large proteins to
prevent the adhesion of other molecules to the well wall is added. Once blocked, the
samples of interest are added to the well, in this case IL-10 and TNFa were the
proteins of interest, but any protein can be looked at so long as antibodies which
recognise it are available. The samples are allowed to bind to the primary antibody.
Next the plate is washed to remove any excess sample and a secondary polyclonal

antibody is added. A polyclonal can be used here for several reasons. First, it will
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recognise many more epitopes thus allowing a much greater amplification of signal.
Secondary, since the primary monoclonal antibody has already captured the molecule
of interest and the rest been washed away, there is little to no chance of non-specific
binding. Third, polyclonal antibodies are cheaper and easier to produce.

The secondary antibody is usually labelled with Biotin (a protein which is found in
egg white). To this two-antibody/protein complex Avidin or Streptavidin
(Streptavidin is a modified and more specific version of Avidin)-HRP (Horseradish
peroxidase) is added. The streptavidin will bind to the biotin in one of natures
strongest bonds. Once bound then the chromogen is added. The chromogen contains
both as H,O, well as TMB. The HRP will break down the H,O, into H,O and O,".
The O, will then interact with the TMB to give a blue colour change (see figure 3.1).
The reaction is stopped and intensified by the addition of 2M sulphuric acid (Blue —

Yellow) which can be read in a microplate reader.

Well Wall Blocking Agent (e.g. BSA) HA0
Monoclonal primary Antibody 272

E;?\;’, Hy0 + Oi
%

‘_%:f ‘-‘\j /Str tavidin-HRP conjugate Colour change
=

Antigen - Polyclonal secondary Antibody labelled
with Biotin

Figure 3.1 Sandwich ELISA
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3.2 IL-10 ELISA

The first attempt at carrying out a human IL-10 ELISA involved using an anti-human
IL-10 polyclonal antibody as the capture, or primary antibody and an anti-mouse IL-
10 hybridoma (IgM) as the detection or secondary antibody. It was not a great
surprise that this assay did not work. Although it is sometimes possible to calculate
the amount of mouse cytokines using a human antibody, it is seldom possible, if

ever, for the mouse antibodies to detect the human equivalent.
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y =2E-08x + 0.0009

0.0035 R®=0.3562 /

g 0.003 - .
8 /
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| =
©
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Figure 3.2 First attempt at building an IL-10 ELISA. Primary antibody was obtained from Genzyme
and was added at a concentration of 10ug/ml. The secondary detection antibody was obtained from

the cell line JES-2AE and was added neat to the assay.

For the second attempt, the anti mouse IL-10 hybridoma was replaced with a mouse
anti-human IL-10 biotinylated polyclonal antibody which was matched to a primary
capture antibody which were both obtained from R&D systems. For the third step,

avidin-HRP was utilised.
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Figure 3.3 Second attempt at producing an IL-10 assay. As can be seen the matched antibodies gave

a much better standard curve.

As can be seen, the use of proper anti-human antibodies has yielded a much more
reliable standard curve (that is the correlation was closer to 1). However, the O.D.
readings obtained were quite low. Therefore we set out to improve these readings.

On the third attempt, we changed several steps. First, the blocking agent used (5%
BSA in PBS) was changed and a blocking solution containing 1% BSA, 5% Sucrose
in PBS was utilised. Secondly, during the inoculation of the plate with the primary
antibody, the solution in which the antibody was made up in was changed from a

0.1M carbonate-bicarbonate buffer (pH9) to PBS (pH 7.4).
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Figure 3.4 Third attempt at producing an IL-10 ELISA. By altering the buffers used in diluting the
antibodies we were able to produce a much better O.D. reading for the detection of small changes in
the IL-10 concentrations, also a much better standard curve was obtained. Primary antibody was
added at a concentration of 10ug/ml. Secondary capture antibody was added at 0.5ug/ml. Avidin-
HRP was added at a 1:1000 dilution.

As can be seen from the above data, the O.D. readings obtained were much higher
than before. This gave a much better standard curve that could be used in
determining the changes in IL-10 secretion in the macrophage after LPS stimulation.
However, it was also found that the background for the ELISA assays was reading

very high. To solve this each component was tested individually to see where the

problem lay.
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Figure 3.5 High background readings often made it difficult to determine the changes in low
concentrations of IL-10. To try and determine which component was causing this high background
each component was tested individually and in combinations with each other. For all wells, except
where indicated, the wells were blocked with 1% BSA, 5% Sucrose in PBS. PrimAb = Primary Ab =
Capture (monoclonal) Antibody, 2™ = Secondary Ab = Detection (polyclonal) Antibody, Avidin-Hrp
= Avidin Horseradish Peroxidase, Complete = Complete ELISA Test.

10 = 10ng/ml rIL-10

0 = Ong/ml rll10

From the above readout, it can quickly be seen that the problem lay in the use of the
avidin-HRP conjugate. The most likely reason for this high reading is that the avidin-
HRP was interacting, non-specifically with the blocking solution. To solve this

problem, the avidin-HRP was changed for the more specific Streptavidin-HRP.
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Use of Streptavidin-HRP as detection system within the ELISA
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Figure 3.6 Using Streptavidin-HRP instead of Avidin-HRP as assay detection system. Streptavidin-
HRP was used to detect (+) 10ng/ml rhIL-10 or (-) Ong/ml rIL-10.

As can be seen, the Streptavidin reduce the background readings to almost zero. The
experiment also showed that the streptavidin-HRP responded dose dependently in the
assay. Now that a working assay had been developed, it was necessary to optimise
the capture and detection antibody concentrations as well as test the efficiency and
accuracy of the ELISA. Since the Streptavidin-HRP had already been worked out at
1:2000 dilution only the optimum concentration for the primary and secondary
antibodies were needed.

Using a simple antibody dilution experiment the primary capture and the secondary
detection antibodies were diluted down in PBS before undergoing an ELISA assay.
The assay for the primary antibody used a secondary antibody dilution of 1:1250
(=0.4pg/ml). For both experiments IL-10 was added at 1ng/ml.
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IL-10 Capture Antibody.

(Detection antibody added at recommended dilution)
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Figure 3.7 Primary Antibody dilution. II-10 was added at Ing/ml. Graph points +/- S.E.

Using the recommended dilution of the secondary antibody with a 1:2000 dilution of

the streptavidin-HRP, the concentration of primary antibody was worked out to be

Spg/ml. Following the same protocol for the secondary antibody, the concentration

of secondary antibody was worked out to be 0.27ug/ml.

IL-10 Detection Ab Concentration.
(Capture Ab at recommended dilution)
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Figure 3.8 Secondary antibody dilution curve. Primary antibody added at 5ug/ml and Streptavidin-

HRP was added at 1:2000 dilution. Plot +/- S.E.
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Now that the ELISA had been optimised, it was necessary to test the system. It was
necessary to test the system for several reasons, first, to show the accuracy of the
assay. Second, it would show that the assay was not being saturated and that the
actual results obtained reflected that of the actual cell environment after stimulation,
and finally, it would show that there was no proteolysis occurring within the
supernatants.

In the first experiment carried out, the supernatant of stimulated cells was spiked

with 500pg/ml rIL-10, and then diluted 1 in 3.

IL-10 ELISA spiked with 500pg/ml rhiL-10 and diluted 1 in 3
to determine assay accuracy

120 —
100 1—

80 +

% Recovery of IL-10 (+/- S.E.)

Supematant + 500pg/mi rhiL-10 500pg/ml rhiL-10 1in 3 dilution

Figure 3.9 Supernatant from stimulated macrophage was spiked with 500pg/ml rIL-10. Before being
assayed some of the spiked supernatant was diluted 1 in 3 with fresh media containing no IL-10.

Results indicate the percentage of IL-10 being detected. Results plotted show +/- S.E.

As can be seen from the above graph the assay detected an acceptable 90%+ of the
IL-10 concentration within the supernatant. This result indicated that no break down
of the IL-10 protein was being observed during the assay procedure by proteolysis.
By diluting the supernatant 1 in 3 and detecting 37% of the total recoverable IL-10,
the experiment also showed that the assay is not being saturated with protein and that
all the IL-10 in the supernatant is being detected by the assay.

The next experiment was set up to determine the accuracy of the ELISA. Here the

supernatant was diluted in parallel with the standard curve (that is 1 in 3, 9, 27...etc.)
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Serial dilution of supernatants from LPS stimulated
primary human blood monocytes
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Figure 3.10 Primary human monocytes were stimulated with 100ug/ml LPS for 24hrs, before the
supernatant was collected and an ELISA performed. Supernatant was diluted down in fresh RPMI

media containing no IL-10 or TNF«.

In order to determine if the assay could be used to measure the IL-10 production in
biological systems, it had to be determined if the assay was accurate enough. This
was accomplished by diluting the supernatant from stimulated monocytes to
determine if they diluted in parallel to the standard curve and give a straight-line plot.
As can be seen from the above results, this was achieved indicating that the assay

was accurate enough to be utilised in future experiments.

3.3 Discussion

In order to determine if a cell line model of primary human monocytes could be
developed, it will first be necessary to determine what the basic cell response of the
macrophage to LPS is. To this end an assay system which was sensitive, easy to do,
quick and robust had to be developed. To this end the ELISA was used. From the
above data, it can clearly be seen that such an assay system had now been achieved.

Using antibody dilutions and various buffers the assay was developed. Using
Streptavidin-HRP over Avidin-HRP, the background readings were reduced, thus

allowing a more sensitive assay that could measure even small changes in IL-10

64



secretion. Using various experiments we were able to show that the ELISA was able
to detect all the IL-10 present in the sample accurately, without saturating the
antibodies, as well as showing that the IL-10 does not undergo any proteolysis.
Similar experiments were carried out in the production of the TNFo ELISA.
However, rather than simply repeat the above results this data has not been included.
Now that working assay systems for IL-10 and TNFo had been developed, it could

be utilised in determining the response of the primary monocyte as well as the
monocyte cell-lines to LPS, as well as the effect of pharmacological inhibitors of the

second messenger pathways on IL-10 production in these cells.
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Chapter 4
IL.-10 Profile to LPS stimulation
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4.1 Introduction and Aims

Now that an assay had been developed which could look at both II1.-10 and TNFa, it
was utilised to examine the IL-10 profile of the macrophage after LPS stimulation.
As mentioned in the introduction, the overall aim of this project was to develop a
monocyte cell line model, which could be used to study the expression of IL-10 in
the macrophage during inflammation at the transcription level. For this to work, the
cell line would have to fill three criteria. The first would be to express IL-10 in
response to LPS. The second, would be, that the expression of IL-10 in response to
LPS, within the cell line, follows the same second messenger pathways that are
activated in the primary cell. The final criteria that need to be fulfilled is that the cell
line is that it is able to undergo transfection.

In this part of the study, we aim to look at the IL-10 profile, in response to LPS, in
the primary monocytes and various cells lines, in order to determine if such a cell

line exists.
4.2 TL-10 response to an LPS dose curve
The first objective was to confirm that the primary human blood monocytes and

different monocyte cell lines actually produced IL-10 in response to LPS stimulation.

For this a simple LPS dose curve was used.
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Figure 4.1 LPS dose curve on primary human blood monocytes. Mean +/- SE.

From the above data two observation can be seen. First, a significant change in IL-10
secretion in the primary is not seen until 1pg/ml of LPS is used. This is unusual since
generally macrophage will respond at much lower concentrations, indeed it has been
well established that TNFo. reaches a peak at a much lower concentration, around
0.1pg/ml (data not shown). However, even at a low level of LPS stimulation an
increase in IL-10 levels is observed (base line levels, from isolated primary
monocytes, were recorded at 290pg/ml which rise to 486pg/ml with 0.1pg/ml LPS
stimulation). Since IL-10 is such a potent cytokine and so tightly regulated, it is very
possible that this small increase in IL-10 concentration is all that is required to
control the inflammation response. It is interesting to note here, that normally IL-10
is not secreted from the cell in an inactive state, however the action of isolating the
cells from whole blood and plating them out onto tissue culture plastic, does lead to
an activation of the cells. For this reason, all cells used in the primary cell
experiments were used as close as possible to the isolation event to reduce this
activation. Also this low level of activation from primary cells after isolation, may be
what is responsible for an artificially high concentration of LPS being required for a

statistically significant change in IL-10 secretion.
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The second point to note is that, unlike other cytokines, IL-10 does not seem to reach
a peak, with IL-10 still being produced far beyond physiological relevant LPS
concentrations. However, high levels of endotoxin can be found in patients which
have undergone gram-negative sepsis (septic shock). Sepsis is caused by a release
into the circulation of endotoxins from invading bacteria.

Septic shock occurs as a result of an individual patient’s systemic, immunological
response to sepsis and is characterised by a drop in arterial blood pressure, which
remains too low to maintain an adequate supply of blood to the tissues. In healthy
individuals, the immune response protects the body from invading pathogens.
However, critically ill patients are frequently immunocomprimised and have many
invasive procedures performed which allow sites of entry into the body for invading
bacteria. Another factor, which could lead to this sepsis, is the response if IL-10 to
the inflammation response naturally seen from a site of injury. If IL-10 was already
present suppressing the inflammatory response, then the body would not be able to
keep the invading pathogens under control since the immune system would also be
suppressed. This suppression would allow the pathogens to grow and multiply allow
sepsis to continue, which in turn would lead to a greater release of IL-10, which in
turn would lead to a further suppression of the immune response which leads to
septic shock.

With such high levels of IL-10 being observed, it was decided to see if an upper limit
of 1L-10 production could be reached. For this, E.coli (serotype DHSo) was grown
and deactivated by repeated Freeze/Thaw cycles (liquid nitrogen/42°C three times)
followed by a final freeze at -20°C. This deactivated bacterial solution was then
added to the primary cells for 24hrs to see if the native LPS, mixed with other

proteins and DNA, could lead to even greater levels of IL-10 production.
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4.3 Comparison of the effect of deactivated bacterial solution versus the effect of purified LPS. Mean

+/- SE

As can be seen, although very high levels of IL-10 are being produced be the
macrophage there still appears to be no upper limit to the amount of IL-10 being
produced in response to either the purified LPS or the deactivated E. coli cells.

Indeed the deactivated bacterial solution gives a much higher response of IL-10 than
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the LPS. This was most likely due to the presence of other proteins, lipids and naked
DNA/RNA from the bacteria, of which the degradation of is one of the primary
functions of the macrophage. This effect also supports the septic shock theory, since
in the septic shock response, the entire bacteria would be involved, not just the cell

wall components.
4.3 IL-10 response of monocytic cell lines to LPS

Once the IL-10 profile for the primary cells had been mapped, we could move on to
look at the monocyte cell lines and try and map their response to LPS. The first cell

line chosen was the murine RAW 267 .4.
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Figure 4.4 Effect of an LPS dose response curve on the IL-10 production in the mouse cell line RAW
267.4. Mean +/- SE

As can be seen, this cell line gave a good response to LPS and from earlier
experiments (From Dr. T. Biggs, data not shown) that the RAW 267.4 were
transfectable. However, this cell line was not the cell line of choice since it was
mouse and not human, although it was decided that it would be a good control cell

line for later experiments. It was decided to continue with the LPS experiments to
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find a human monocyte cell line that was LPS responsive. The first cell line tested

was the MonoMac6 cell line.
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Figure 4.5 LPS (E.coli serotype B055:55) dose curve on the 1I-10 response of the MonoMac6 human

monocyte cell line. (+/- 95% confidence levels)

From the above graph it can easily bee seen that the MonoMac6 cell line was non
responsive to the E. coli serotype B055:55 LPS, in that it failed to produced any IL-

10. A second experiment was set up using a Salmonella enteritidis species LPS.
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Once again, it can be seen that the MonoMac6 cell line did not produce IL-10 in

response to the LPS.
With the MonoMac6 cell line failing to respond to LPS, the HL-60 and U937 cell

lines were tested next. (For all experiments which follow only the E. coli. Serotype

B055:55 LPS was used)
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As can be seen for both the HL-60 and U937 cell line neither of the cell lines
produced IL-10 in response to LPS. The last cell line, which we tried, was the THP-1

cell line.
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Figure 4.9 LPS dose response of THP-1 cells. Cells were stimulated with LPS for 24hrs. Mean +/- SE

From the above data, it can clearly be seen that the THP-1 cell line did give a
response to LPS and showed a similar response to the high levels of LPS. However,
it can also be seen that although a similar response to LPS is observed it did not
reach equivalent concentrations as that of the primary cells.

Another difference, which can be observed, is that in the THP-1 cell line the base
line for IL-10 synthesis is much lower than that of the primary cells. This is most
likely due the fact that many of the primary cells will be activated by the isolation
procedure that they go through while the cell line does not have this ‘extra’
activation step.

Now that a cell line had been found we carried on the work to try and develop a
method of transfection that would work for this cell line. We eventually succeeded in
developing a method (see chapter 7) which worked for the positive control and were
ready to begin work with the actual IL-10 promoter constructs when the THP-1 cell

line became infected with a bacterial infection. Since there were many frozen vials in

D



liquid nitrogen storage, a new batch was grown up. However, we found that despite
this the cell line once more became infected with a bacterial infection. After two
further tries, we eventually discovered that the water-bath used to defrost the
additions to the media was the source of the infections.

Unfortunately, when we grew up a new batch of THP-1 cells, we discovered that
they were no longer producing IL-10 in response to LPS. When a new batch of cells
was bought from the ECACC and grown up, again these cells were found to be
unresponsive to the LPS. At this point we decided to try and visualise the mRNA by
running an RT-PCR.

A

Namawala control

Water Control
cells

Namawala control
THP-1 -LPS

cells

THP-1-LPS
THP-1 + LPS

Figure 4.10 RT-PCR carried out on THP-1 RNA collected via the Qiagen RNeasy kit. A) shows the
RNA integrity gel, B) shows the PCR gel, run after the RT-PCR had been completed. As can be seen
from the above gel, no IL-10 band can be detected by PCR.

The reason for this apparent paradox regarding the THP-1 cell line could be one of
several. The first was due to the method of freezing used in the long-term storage of
the cells. According to the ECACC, the correct storage solution should contain
Glycerol. However, upon investigation it was found that the THP-1 cells that we had
received were frozen down in DMSO. In order to test this we stimulated the THP-1
cell line with both DMSO (at 0.2%) and PMA, a classical monocyte activator (at
400ng/ml). The results showed that the DMSO and PMA had little to no effect on the
IL-10 secretion in the THP-1 cell line.
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Figure 4.11 The effect of DMSO and PMA pre-stimulation on the THP-1 cell line followed by LPS

stimulation for 24hrs. +/- 95% confidence levels.

The second reason could have been a mycoplasm infection. But since all the samples
of the THP-1 cells had been lost to a bacterial infection, we were unable to test this.
The final reason, and possibly the most believable, was that somewhere during the
storage/freezing/cultivation of the cell line it had become contaminated with a cell
type which was LPS responsive and which produced IL-10. The THP-1 cell line we
had received at the start of the project had been used routinely with the T-cell line,
Jurkat, as well as the murine RAW 267.4 cell line.

Now that we could no longer use the THP-1 cell line, we decided to go back to the
earlier cell lines and try and pre-differentiate these to see if any would now produce
IL-10 in response to IL-10. The first cell line tested was the HL-60.

The HL-60 cell line can be differentiated into either a macrophage like cell, with the
addition of PMA, or a neutrophil like cell, with the addition of DMSO. To this end
the HL-60 was pre-treated with 400ng/ml PMA for 3 days followed by an LPS
challenge for 24hrs.
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Figure 4.12 The effect of pre-treatment with PMA and cAMP on the monocyte cell line HL-60,
followed by 24hrs LPS challenge. +/- 95% confidence levels.

As can be seen, the pre-treatment with PMA had little effect upon the IL-10 response
of this cell line is response to LPS. The next cell line we tried was the U937 cell line.

Here the cell line was once again treated with 400ng/ml PMA for 3 days followed by
48hrs LPS challenge.
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4.13 After PMA pre-treatment the U937 cell line begins to secrete IL-10 in response to an LPS
challenge. +/- 95% confidence levels.

To confirm this result an RT-PCR was carried out on the collected RNA.
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Figure 4.14 RT-PCR gel carried out on PMA pre-treated U937, after LPS challenge, RNA was
collected via the Qiagen RNeasy kit and subjected to the RT-PCR as previously described. A) Shows
the RNA integrity gel, while B) shows the PCR gel. IL-10 bands can clearly be seen in U937 cells that

have had LPS stimulation. Cells without LPS stimulation show no bands.

From the above gel, it can clearly be seen that mRNA for IL-10 can easily be

detected by RT-PCR.
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4.4 Discussion

From the experimental data obtained it can be seen that the primary human blood
monocyte respond does dependently to LPS, in their production of IL.-10 and TNFq.
It was also observed for the first time in this study the high levels of IL-10 produced
in response to non-biologically relevant levels of LPS or deactivated bacterial cells.
It is hypothesised that these high levels of IL-10 may be responsible to the condition
of septic shock observed in many immunocompirmised patients.

The failure of many of the cell line to produce IL-10 in response to endotoxin
challenge, with or without pre-treatment, came as a surprise at first after the initial
success of the primary monocytes and the RAW 267.4. However, if thought about
this lack of an IL-10 response is, perhaps, not quite as surprising. As mentioned in
chapter one, the role of IL-10 in inflammation is quite simply to shut the macrophage
down. Since the monocyte cell lines are all mutant cells which stem from cancer
cells, it is not surprising that perhaps one of the ways in which these cells are able to
grow, within the hostile environment of the body, is that the mechanisms which shut
the cell down are switched off. This, of course, would include IL-10. This would
answer the question of why the cell lines are not producing IL-10 in response to LPS,
even, in most cases, with pre-treatment with the phorbol ester PMA. PMA acts upon
the cell where they are potent activators of protein kinase C, were they structurally

resemble diacylglycerol.
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Figure 4.15 The binding of the extracellular signal to the receptor activates the phospholipase C,
through the intermediary of a G protein. The phospholipase C then catalyses the hydrolysis of PIP, to
IP; and diacylglycerol. Due to its structural similarities with diacylglycerol, phorbol esters, like PMA,
are able to associate with the membrane where they activate the protein kinase C, which thereby

modulate the activities of a number of cellular processes.

The early experiments that showed the production of LPS by the THP-1 cells did
cause some problems later when the transfection experiments were started, due to
lack of time. Fortunately, many of set up experiments used in setting up the
transfection process, were able to be modified for the U937 cell line which allowed
us to make up some of the time lost. See chapter 8 for further details.

The aim of this part of the project was to find a cell line, which would mimic the IL-
10 response of the primary cell in response to an LPS challenge. This was achieved
in two cell lines. The first was the murine RAW 267.4 cell line and the second was
the PMA differentiated U937 human monocytic cell line. The RAW 267.4 cell line
had the advantage of being transfectable and responded well to an LPS challenge
without any form of modification. However, the major drawback of this cell type was
that it was not a human cell line, and as such it was decided to use the U937. Many

researchers had shown that this cell line was transfectable, and despite the fact that it
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needed PMA modification before it became LPS responsive, it was still a human cell

line and therefore preferable to the mouse Raw 267 4.
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Chapter 5
Which Cells Produce I1.-10 and TNFo?
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5.1 Introduction and Aims

Recently more and more evidence has begun to arise that would indicate that like the
T cell, there exists macrophage sub populationslzo. This growing evidence had
important connotations for the role of the macrophage within many disease
processes. With the T cells, there are many subpopulations, but broadly speaking,
two main types exist, the Th1 cells and the Th2 cells.

The Thl cells mediate several functions associated with cytotoxicity and local
inflammatory reactions, consequently these cells are important for combating
intracellular pathogens including viruses, bacteria and parasites. The Th2 cells, are
more effective at stimulating B cells to proliferate and produce antibodies, and thus
making their primary function primary to protect against free-living micro-organisms
(also known as the humoral response). It should be remembered, at this time, that IL-
10 was first discovered in Th2 cells and has long since been established as a potent
cytokine switch pushing the immune response towards the humoral response (see
Chapter one — Introduction). Therefore, while TNFa promotes the macrophage
towards an inflammatory response IL-10 inhibits this response.

It was not unreasonable, therefore, to ask the question if IL-10 is involved in both T
cell subpopulations and as such a fundamental switch within the macrophage itself,
from a pro- to an anti-inflammatory cell, does there exist within the macrophage
population a subgroup which is responsible for this change?

The aim of this part of the project was to determine, by FACS analysis, which

monocytes were responsible for IL-10 production and which cells were responsible

for TNFo production.

5.2 Time course of IL-10 production in response to LPS

Until now we have looked at IL-10 production after 24hrs stimulation with LPS. The
next question was whether this was the optimal time point to measure IL-10
secretion, or weather a later time point was more optimal.

In this experiment, the U937 cell line was pre-treated with PMA for 3 days, followed

by an LPS challenge for up to 7 days.
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Figure 5.1 IL-10 response to LPS time course in PMA pre-treated U937 cells. +/- 95% confidence

levels.

From the above graph, it can be clearly seen that IL-10 reaches a peak in secretion at
36hrs. This is well after the peak of TNFo, which appears at 8hrs.

It was this experiment which lead to the question, is it the same cell which is
producing both cytokines, or was there a subpopulation of cells involved in the pro-
inflammatory cytokines, while a second subpopulation was involved in the

manufacture of the anti-inflammatory cytokines.
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Figure 5.3 RT-PCR showing the expression of IL-10 mRNA in the U93 7 cells, following LPS
challenge for up to 7 days. A) shows the RNA integrity gel. B) shows RT +ve step. Bands can clearly
be seen for the IL-10 from Ihrs stimulation and remain high up until 12hrs, before dropping back to

basal levels.
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From the RT-step, it can be seen that the IL-10 mRNA, is present after only lhr
challenge with LPS, and continues to be highly expressed for up 12 hours before
beginning to fall back to basal levels. Despite this, the IL-10 protein is detectable in
the supernatants up to 7 days after initial LPS challenge. This experiment was

repeated in the primary monocytes, where the results showed the same effect.
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Figure 5.4 Time course of IL-10 secretion from primary human monocytes stimulated with 100ug/ml
LPS.

As can be seen, the level of IL-10 production appears to peak at between 36 and
48hrs and then gradually falls over the course of the next 5 days. However, the level
of IL-10 does not reach base line levels again, even after 7 days stimulation.
Unfortunately the TNFo levels have fallen almost to base line levels again after
48hrs (see below). It was for this reason, that experiments continued to use the 24hr

time point, so as to look at the effect of TNFa in relation with IL-10.
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5.3 Which cells produce IL-10 and TNFo.

To determine which macrophage produce both the 1L-10 and TNFo cytokines in
response to LPS, a simple time course was set up. Primary human blood monocytes
were isolated from a buffy coat and allowed to adhere to a tissue culture flask
overnight. The next day they were stimulated with 10ug/ml LPS for 0, 3, 6, 12, 24,
48, 72 and 96hrs. After stimulation the cells were collected, fixed and stained
intracellularly with marker antibodies (see 2.2.5). Antibodies used were as follows,
for IL-10 cytokine staining a rat anti hIL-10 monoclonal RPE labelled antibody was
used. For the TNFo, a mouse anti hTNFa monoclonal FITC labelled antibody was
used. Macrophage and monocytes were gated, that is selected for study using a
mouse anti human CD14 biotinylated monoclonal antibody with streptavidin-PerCP

as the marker stain.
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Figure 5.5 Effect of LPS stimulation on IL-10 production in primary human monocytes over 4 days. a) Primary control cells
with no antibody staining and no LPS stimulation. b) Primary control cells with antibody staining and no LPS stimulation. c)
Cells stained for IL-10 after 3 hrs LPS stimulation. d) Cells stained for IL-10 after 6hrs LPS stimulation. e) Cells stained for IL-
10 after 12hrs LPS stimulation. f) Cells stained for IL-10 after 24hrs LPS stimulation. g) Cells stained for IL-10 after 48hrs LPS
stimulation. h) Cells stained for IL-10 after 72hrs LPS stimulation. i) Cells stained for IL-10 after 96hrs LPS stimulation.
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This result mirrors those results seen in the ELISA experiments. IL-10 is expressed
constantly in the primary cells, most likely due to a small level of activation caused
by the isolation procedure. This activation is increased by the addition of LPS to the
cells. In regards to IL-10, this expression is seen at 24hrs and is maintained at a high
level for the continuation of the experiment. TNFa, on the other hand, like IL-10
appears to be active at a low level in the unstimulated cells. This activation greatly
increases with LPS stimulation. Unlike the IL-10, however, the TNFq rises early,
after only 3hrs the intensity of TNFo. expression has risen, and begins to drop by
24hrs. By 48hrs, the level of TNFo is equivalent to the levels seen in the

unstimulated cells.
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Figure 5.6 Effect of LPS stimulation on TNF« production in primary human monocytes. a) Primary control cells with no
antibody staining and no LPS stimulation. b) Primary control cells with antibody staining and no LPS stimulation. c) Cells
stained for TNF & after 3 hrs LPS stimulation. d) Cells stained for TNF« after 6hrs LPS stimulation. e) Cells stained for TNFo
after 12hrs LPS stimulation. f) Cells stained for TNF o after 24hrs LPS stimulation. g) Cells stained for TNF & after 48hrs LPS
stimulation. h) Cells stained for TNF & after 72hrs LPS stimulation. i) Cells stained for TNF ¢ after 96hrs LPS stimulation.

90



FL2-Height

& =)
0 0.29% 0.67% 1L-10 8.25% 57.82%
m m
=4 =
E
S . 2y
. &
. o
[T -
o = .
2 98.57% 0.47% 2 10.41% 23.52%
I 101 102 10% 104 ¢ 101 10% 10% 104
FL1-Height THFa FL1-Height THF:2
A B
) =)
" 52 60% D
110 13.48% 75.48% 110 A 42.08%
[y m
2, =
(o] o~
sk —
[T | T
) )
o 4.63% 6.41% a 4 04% 1.28%
10 10" 102 10°% 104 40t 10! 102 10 10%
FL1-Height THFa FL1-Height THFa
C D

Figure 5.7 Analysis of primary human blood monocytes stimulated with 10ug/ml LPS and stained

with anti-hIL-10 and anti-hTNF o labelled antibodies . A) Unstimulated control cells with no antibody

staining B) Unstimulated control cells with IL-10 and TNFe antibody staining. C) 24hr LPS

stimulated cells with IL-10 and TNFa antibody staining, D) 96hr LPS stimulation with IL-10 and

TNF a antibody staining.

From the data, it is also seen that the same cells are producing both 1L.-10 and

TNFa. This would indicate that the same cell is self-regulating in inflammation.
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5.4 Discussion

From the experimental data obtained it can be seen that the primary human blood
monocyte responds does dependently to LPS, by the production of IL-10 and TNFo.
This increase of IL-10 reaches a peak at 48hrs-post stimulation, almost 42hrs after
TNFo reaches its dose peak. Also IL-10 continues to be expressed up 7days,
although the mRNA appears only to be present up to 12hrs before dropping back
down to basal levels, after stimulation while TNFa is almost completely gone after
48hrs, which as mentioned before is when IL-10 reaches its peak secretion.

Given the fact that IL-10 and TNFo are produced by the same macrophage, it is
likely to hypothesis that IL-10 is able to regulate the production of TNFa in the cell.
This most likely happens at either the second messenger level or at the transcriptional

level.
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Chapter 6

Second messenger pathways
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6.1 Introduction

An assay had been developed and a cell line found, the U937 cell line, which
responded to LPS by producing IL-10 in a way that mimicked the primary cell. The
next part of this study was aimed at determining how the signal was transported
within the cell from the cell surface to the nucleus. Since an assay system had been
developed which could repeatedly determine the concentrations of both IL-10 and
TNFo accurately down to low concentrations, we were able to investigate the second
messenger pathways with the use of specific pharmacological inhibitors. These
inhibitors would block only specific pathways, thus allowing the pathways to be
mapped individually, and their importance examined. It is important that the
pathways, which are involved in the LPS signal to the nucleus, are the same since if
different pathways were used in the cell line than that of the primary cell, then
different transcription factors might be activated.

It was hypothesised that by better understanding these pathways, a treatment might
be developed which would lead to control over inflammation diseases by blocking or

activating the pathways of importance.

6.2 Effect of pharmacological inhibitors on IL-10 production in primary and

RAW 267.4 cells.

As mentioned before, the TNFo pathways have already been studied in great detail
(see 1.7), and it has been linked to the p42/44 MAPK pathway104. There is little
information available concerning the role of the MAP kinase pathways on the
regulation of other cytokines, with only a couple of studies looking at the regulation
of IL-10.

In one of these studies the IL-10 regulatory pathways had been linked to the protein
tyrosine pathwayswé. Therefore, it was logical that we started our investigation into
the second messenger pathways with these pathways. The first step was to confirm
that the LPS activation signal of IL-10 was transported within the cell via the protein
kinase pathways, for this reason the inhibitor Herbimycin A, which is a cell

permeable, potent inhibitor of protein tyrosine kinases was chosen.
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6.2.1 Effect of Herbimycin A on IL-10 synthesis
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Figure 6.1a Effect of Herbimycin A on the IL-10 secretion of primary monocytes upon stimulation
with 100ug/ml LPS for 24hrs. Herbimycin A was diluted in DMSO, as such, DMSO controls were
added to the experiment to determine the effect on the primary blood monocytes. Results +/- 95%

Confidence levels.

As can be seen from the above graph, Herbimycin A does indeed cause a dose
dependent down-regulation in IL-10 production. Although a slight down-regulation
in IL-10 secretion is seen as an effect from the DMSO, this effect is not significantly
different. However upon addition of the inhibitor, the down regulation does become
significantly different.

This is, perhaps, not a surprising result since the protein tyrosine kinases have been
associated with the transduction and processing of many extra- and intracellular
signals. These include many of the responses associated with inflammation and
stress, for example proliferation, differentiation and cell growth, which are factors
for the induction of IL-10 synthesis. However, the protein tyrosine kinases are also

involved in the activation of the MAP Kinase pathways.
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Figure 6.1b An overview of Receptor Tyrosine kinase signalling activation of the MAP kinase

pathways. Source, Calbiochem Website (1998)

With the effect of Herbimycin A confirmed, the use of further inhibitors, which
blocked pathways within the MAP kinase pathways, were utilised. The first inhibitor
was the p42/44 MAPK inhibitor PD98059, which specifically inhibits this pathway
at ERK 1,2.
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6.2.2 Effect of the p42/44 MAPK inhibitor PD98059 on IL-10 production in

the primary human monocyte and the mouse RAW cell line.
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Figure 6.2 Effect of PD98059 on IL-10 production in primary human blood monocytes stimulated
with 100ug/ml LPS for 24hrs. Results +/- 95% Confidence levels.

PD98059 is a p42/44 pathway specific inhibitor. This pathway has been associated
with the synthesis of TNFa in response to LPS. From the data in chapter 5, it is
therefore unsurprising that IL-10 is not regulated via this pathway. This can be
deduced from the FACS analysis data. Since the same cell and not sub-populations
within the macrophage lineage produce IL-10 and TNFq, it makes sense that they do
not progress along the same pathway. IL-10 has many functions while down-
regulating the functions of the macrophage. One of these is the down regulation of
cytokine synthesis. One of the ways in which this is achieved is the degradation of
the mRNA. However IL-10 also affects other areas such as, for example, the
transcription factor NFxB. It is therefore not inconceivable that IL-10 may down-
regulate other MAP Kinase pathways. It is also well known that IL-10 is
autoregulatory and therefore it could be argued that IL-10 could be regulated down
this pathway. However TNFa reaches a secretion peak around 6hrs with cytokine
synthesis there after declining and reaching base line levels at around 48hrs. IL-10

expression, on the other hand, reaches a peak at between 36 and 48hrs and continues
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on for many days. If both cytokines were regulated through the same pathway then

IL-10 would peak earlier and would not continue to be produced for so long.
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Figure 6.3 Effect of the p42/44 inhibitor on IL-10 production in the mouse RAW cells stimulated with
100ug/ml LPS for 24hrs. Results +/- 95% Confidence levels.

As can be seen from the above graph, PD98059 has the same effect on the mouse
RAW cell line as in the primary human blood monocyte. A small trend can be seen
from both graphs that there is a very slight decrease in IL-10 production, but this

decrease is not significant. It was most likely caused by the down regulation in

TNFa production in response to PD98059.
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6.2.3 Effect of the p38/HOG MAPK inhibitors SB203580 on IL-10 production

in the primary human monocyte and the mouse RAW cell line.
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Figure 6.4 Effect of the p38/HOG MAPK pathway inhibitor SB203580 on IL-10 production after 24

hr stimulation with 100ug/ml LPS. Results +/- 95% Confidence levels.

SB203580 is a highly specific inhibitor of the p38/HOG pathways, which block this

pathway at ERK 6. As can be seen from above, the inhibitor quite clearly down-

regulated the

IL-10 production in the primary human blood monocyte upon

stimulation with LPS. This result was again mirrored in the mouse RAW cell line.
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Figure 6.5 Effect of the p38/HOG MAPK pathway inhibitor on IL-10 production in the mouse RAW
cell line after 24hr stimulation with 100ug/ml LPS. Results +/- 95% Confidence levels.

Again, when thought about, this result is not a complete surprise. The p38/HOG
pathways, as well as the INK/SAPK, are stress response pathways. This pathway is
activated by the addition of LPS (stress response), inflammatory cytokines (e.g.
TNFo as well as a whole host of other proinflammatory cytokines produced in
response to LPS) and ultraviolet light.

Until recently it has not been possible to block the INK/SAPK pathways without the
microinjection of peptides into the cell, a techniques which was not available to us.
Also, such a technique would not truly prove practical due to the number of cell

required to look at the MAP kinases. However, recently, the inhibitor Curcumin, was

121'123, and as such

isolated from turmeric which specifically blocks the JNK pathway
this now lets us for the first time to look at the effect blocking this pathway has on

the IL-10 production in the primary monocytes.
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Figure 6.6 The effect of the JNK inhibitor curcumin on IL-10 secretion after 24hrs LPS stimulation in

the primary monocyte. Results +/- 95% Confidence levels.

It can be clearly seen that like the SB203580 inhibitor, the blockage of the JNK
pathway leads to a total abolition of IL-10 secretion by the primary cell. For further

discussion see 6.4 below.

6.3 Effect of pharmacological inhibitors on the IL-10 secretion of the U937 cell

line.

Now that the pathways for the IL-10 secretion in the primary macrophage had been
mapped, the next aim of this part of the study was to ensure that the U937 cell line

followed the same pathways following LPS stimulation.

101



30000

250004 snd
O
52 200001 o
&
3 p P T
< 150004
E ] M
& 100001 q
g _ Ek»
C ot (2 —
8 50001 = %
S |
= s S0 1
= 0] o= =&8=
N=12 12 4 4 4 4 4 4 4 4 4 4 4 4

7. s L 7 7
’)%, %3' 6/@ 06:’3900‘%00‘9 &o%o% o%' %0 00/ 00(
9 %" % 0/0//,/,0’)0 “’@’4/ 7%
% 0 Yy © P
9, %05 2 %Y %

Figure 6.7 The effect of various inhibitors on the II-10 secretion of the cell line U937. Results are +/-

95% confidence levels.

From the above graph, several differences can be seen from the primary cells. The
first, and most obvious, was that the effect of Hebimycin A on the IL-10 production
appeared to be small, with only a very slight decrease in IL-10 secretion, which was
not significant. The next major difference was that the inhibitor PD98059 appeared
to have a greater effect on the IL-10 secretion in the U937 than in the primary cells.
Finally, although the action of curcumin does cause a down-regulation in IL-10
secretion, this down-regulation is neither as pronounced as it was in the primary cell,
nor as precise, which can be seen by the large variation found. These effects can be
explained by the use of the PMA in the early activation step of the U937. PMA, as
mentioned earlier, is a potent activator of the macrophage cell, by mimicking the
action of diacylglycerol, which causes the activation of NFxB and the MAP kinases.
In the case of the Herbimycin A and the curcumin, this increased and continuous
activation of the MAP kinases by the PMA present in the media, may be
counteracting the effect of the inhibitors and thus reducing their potency. The
PD98059 inhibitor is only able to inhibit the activation of p42; it has no effect on p42
that has already been activated by the PMA. As with the Herbimycin A and

curcumin, there will be an increased level of the p42 MAP kinase pathway, however
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in the primary cells and the RAW267.4 cell line, blockage of this pathway did not
appear to have any direct effect on the production or secretion of the IL-10 protein.
However, since the PMA was also responsible for the activation of the NFxB, in the
U937 and that NFxB is essential for the activation of TNFo and other pro-
inflammatory cytokines, all of which lead to the activation of IL-10. This loss of
NFkB, therefore, could be causing an indirect loss of IL-10 secretion, not due to
direct inhibition, but rather through the inhibition of the other pro-inflammatory

factors leading to IL-10 production.

6.4 Discussion

From the results shown above, IL-10 in response to LPS in the primary macrophage
is p38 MAP kinase and JNK dependent, since inhibition of these pathways leads to
an almost total inhibition of IL.-10 synthesis. This report is the first to show that the
JNK pathway is important in regulation the response of IL-10. We have also that the
IL-10 response is p42/44 MAPK independent within the primary cells.

However, in the U937 cell line, we found that the regulation of IL-10, by the MAP
kinase pathways is not quite as clear as it was within the primary cell. Both p38 and
JNK pathways appear to be important to the regulation of IL-10 within the U937, as
they were in the primary cells, since inhibition still leads to a down-regulation in the
IL-10 response. However the effect of the JNK pathway is not as clear as it was in
the primary cell due to the high variation of the response, most likely due to small
variations in the concentration of PMA in the media from experiment to experiment.
Nor was the inhibition of IL-10 production as great as it was in the primary cell.
Also, the effect of the p42 inhibitor PD98059 was surprising since this pathway was
shown to be unimportant in IL-10 regulation within the primary cell. Again, the only
explanation which accounts for this would be the addition of the PMA, since in the
RAW267.4 cell line, the PD98059 mirrors the primary cells and had little to no effect
on the IL-10 production.

Of course, it could always be argued that the inhibitory effects seen by the inhibitors
are due to the toxic effects of these potent chemicals upon the cells themselves. To
test this hypothesis, we carried out a viability test, where the cells were treated with
the inhibitor followed by 24hrs LPS stimulation. The cell viability was the performed

using Trypan blue, a vital cell dye. Trypan blue is actively pumped out of living
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cells, but is taken up by dead ones, therefore living cells appear bright to the dark

staining of the dead cells. These cells can then be counted and a percentage of

survival worked out.
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Figure 6.8 Percentage survival of inhibitor treated cells. Results plotted show +/- S.E.

It can be clearly seen that the inhibitors did not appear to have any toxic effects upon
the cells at the concentrations used in this study. As such the inhibitory effects of
these inhibitors can be said to be due to the effect of the inhibitors and not cell
toxicity. A similar graph was seen for all the cell types tested.

Therefore to conclude distinct MAP kinase signal transduction pathways mediate the
IL-10 and TNFa responses, within the macrophage. These individual responses to
the JNK and p38 signalling pathways and that of the p42 pathway are regulated
differently. The differential utilisation of the MAP kinase signalling pathways may
represent a potential mechanism for the determination of cell-type-specific responses

to an extracellular stimulus such as endotoxin.
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Chapter 7

Transfection
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7.1 Introduction

In this part of the study, the transcriptional activators involved in regulation of IL-10
gene transcription within the macrophage will be studied. Understanding the
regulatory processes involved in the gene’s activation will, it is hoped, lead to a
better understanding of the regulation of this important cytokine within inflammatory
diseases. And from this it is hoped that a gene therapy for these patients, which suffer
from the inflammatory diseases such as liver fibrosis, could be developed.

In order to study the transcription factors involved in the regulation of IL-10 during
inflammation, it was first necessary to find a cell line, which would react, to LPS in a
way similar to the primary monocytes. This is due to the fact that primary monocytes
are as yet unable to be transfected. Many researchers hope that perhaps one day a
transfection reagent will be developed which will enable gene transfer into
monocytes.

Through experimentation, it was found that the U937 cell line appeared to respond to
LPS in a way that mimicked the primary cell. Early experiments carried out by this
researcher showed that the THP-1 cell line responded to LPS, without pre-
differentiation with PMA. However later experiments showed that this response was
false and appeared to be due, mote probably, to a contaminating cell line. Due to this
many months were used setting up the transfection conditions for this cell line.
However, this data will not be included as it was later repeated with the U937 cell
line.

The aim of this part of the study, therefore, was to develop a model, which could be
used to investigate which transcription factors are important in IL-10 regulation and
their role during inflammation.

The first objective in this part of the study was to determine the optimal conditions
needed for transfection of the U937 cell line. Once completed, these conditions can
then be utilised for the transfection of the U937 with the IL-10 promoter constructs
allowing us to look at various areas in the promoter and from there determine which

transcription factors are important.
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7.2 Using the sieCAT plasmid as a Control

It has long been known that the transfection of the macrophage or monocyte is
difficult, even in cell lines. However, in 1994, Ashlee Moses published a paper in
which he described his technique in which he transfected an HIV long terminal
repeat-CAT plasmid and looked at the expression in primary monocytes obtained
from human blood124. In his study he reported to have transfected the HIV long
terminal repeat-CAT plasmid using the Lipofectin technique (see 2.2.10.1). In order
to determine if this was a viable technique this protocol was followed and the
primary human monocytes were transfected with the sieCAT plasmid. The sieCAT

plasmid consists of an IFN-y driven Chloraphenicol Acetyl-Transferase gene.

-sieCAT +sieCAT

Figure 7.1 Transfection of primary human monocytes using the Lipofectin Reagent, following the

protocol of Ashlee Moses. DNA was added at the concentration of 1ug/million cells. Cells were

stimulated with 10ng/ml IFNy.

As can be seen from this result no transfection of the primary monocytes took place.
It was decided, therefore, to try this technique in the U937 cell line.

The U937 cell line was again transfected with the sieCAT plasmid using a Lipofectin
concentration curve, to try and determine what the optimum concentration of

Lipofectin reagent require for transfection was.
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Figure 7.2 DNA was added at a concentration of 1ug/ml plasmid to every 1 million cells. Ltpofectm

reagent was added at an increasing concentration to determine the optimum levels required for

transfection.

As can be seen from the above data, the U937 cell line failed to transfect, shown by
lack of CAT activity upon stimulation with IFN-y. There are various reasons why
this could be the case. First, the action of the macrophage cell is to hunt down and
destroy naked DNA and large particulate matter. Therefore, since the Lipofectin
reagent must be left on the monocytes for so long could be leading to the cells
destroying the particles carrying the DNA. Second, naked DNA has been shown to
be toxic (at high levels) to cells125. Since not all the DNA will be incorporated into
the cell, the remaining DNA could be killing the cells. Finally, since the Lipofectin
reagent only works in conditions whereby all serum has been removed from the
media, the lack of serum could be inducing apoptosis or attenuating cell function,
especially the primary cells which are not as hardy as the cell line. Therefore a
combination of any one or more of these reasons could account for the failure of the
U937 cell to transfect.

When we contacted Ashlee Moses, we found that he had given up on the transfection
experiments involving primary human cells shortly after publishing his paper and as
such could offer no advice on how to deal with this problem.

It was decided then to try and use a technique that did not require the cells to be
incubated without serum. Electroporation, Superfect and Effectene were all tested on
the primary cells. However, from the results obtained, none of the various methods
tested gave any transfection of the primary cells (data not showen). Once again the
methodologies were tested using a cell line. This time using the THP-1 monocyte
cell line. Numerous papers had sited the ability to transfect the THP-1 cells using the
Electroporation method. To this end an Electroporation was set up using the sieCAT

plasmid.
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However, once again the sieCAT plasmid failed to transfect into the THP-1 cell (data
not shown). At this point to was decided to test the plasmid in a cell line which it is
known to work and in a cell line which has been shown many times to be easily
transfected with this plasmid. From earlier transfection experiments carried out by
Dr. T. Biggs (data not shown), it has been shown that the sieCAT plasmid can easily
be transfected into the mouse RAW 267.4 cell line. Using her protocol, the mouse

RAW cells were transfected along side the THP-1 cell line.

Figure 7.3 Transfection of the mouse RAW and the human THP-1 cell lines with the sieCAT plasmid
using the Electroporation method. (R = mouse RAW 267.4 cell line, T = human THP-1 cell line).
Pluses indicated the addition of DNA (ug/million cells) while minuses indicated control cells, with no

DNA added. R Con = RAW cell control, no Electroporation no DNA.

Once again the THP-1 cells failed to transfect with the sieCAT plasmid. This time,
however, the RAW cell line also failed to transfect. Since it was well established that
the RAW cell is easily transfected using the Electroporation method, it was decided
that the plasmid itself was not working and was discarded. Instead a new control
plasmid was used, the IkB-LUC plasmid, which consists of the human IkBo gene

promoter driving a Luciferase gene.
7.3 Using the IxB-LUC plasmid to determine Transfection protocols

The IkB-LUC plasmid is an LPS responsive plasmid. Using the same protocol that
was used for the electroporation of the sieCAT plasmid, the IkB-LUC plasmid was

transfected into the mouse RAW cell.
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Transfection of mouse RAW cells using the IxB-LUC
plasmid

0.4
0.35
0.3

Figure 7.4 Transfection of the mouse RAW cell line with the IkB-LUC plasmid. As before,
10ug/million cells of the plasmid was allowed to adhere to the cell for 10 minutes at room
temperature prior to treatment with various electrical pulses in a 0.1cm Genepulser® (Biorad)

cuvette.

As can be seen from the results, this time the transfection worked. It can be assumed,
therefore, that previous attempts failed due to one of, or a combination of, two
possibilities. First, it was indeed the sieCAT plasmid that was not working, and
second, the IFNy was no longer active. However, since the IkB-LUC plasmid was
functional and due to time constraints, it was decided not to explore the reason of the
sieCAT plasmid failure. Now that a working control plasmid had been found, the
plasmid was transfected into the U937 and Namawala cell lines to test whether or not

it worked in a human cell line.
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Transfection of U937 using a voltage curve
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Figure 7.5 Transfection of the human monocyte cell line U937 with the IxkB-LUC plasmid under
various electrical pulses to obtain the optimum. From the results obtained the voltage of 290V gave
the highest level of transfection. Transfection at 310V lead to a greater level of cell death when

viewed under the light microscope.

Transfection of Namwala cell line using Voltage curve
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Figure 7.6 Transfection of the human B-cell line, Namawala, with the IkB-LUC plasmid under
various electrical pulses to obtain the optimum. As with the U937 cell line above, the results obtained
show a voltage of 290V gave the highest level of transfection, with transfection at 310V leading to a

greater level of cell death when viewed under the light microscope.

As can be seen, like the RAW cells before, the U937 and Namawala cells can be
transfected with the IkB-LUC plasmid. It can also be seen that the 290V gave the
highest incorporation of DNA (assuming that the same level of luciferase activity is
directly related to the DNA incorporation). A pulse of greater than 310V, in both
cases however, gave a lower DNA incorporation. When viewed under the

microscope, prior to lysis, the 310V treated cells looked in a much worse condition
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than that of the 290V treated cells. Due to this the chosen voltage of 290V for both
cell types was used all in future experiments.

Now that the correct voltage has been worked out a DNA titre was needed to obtain
the optimum concentration of DNA needed for transfection efficiency. For all

experiments the concentration of DNA is per million cells.
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Figure 7.7 DNA titre on the U937 cell line using the IxB-LUC plasmid. From the generated results,
40ug/million cells gave the optimal level of transfection. Cells, which were transfected with the 80ug
DNA, gave a much higher level of cell death when viewed under the light microscope.

Blank Untransfected cells 1pg DNA 10pg DNA 20pg DNA 40pg DNA

Figure 7.8 DNA titre on the Namawala cell line using the IxB-LUC plasmid. As with the U937 cell
line, 40ug/million cells gave the optimal level of transfection, since cells which were transfected with

80ug DNA, gave a much higher level of cell death when viewed under the light microscope.
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After transfection of the IkB-LUC plasmid with a DNA titre, a concentration of 40ug
DNA was chosen due to its elevated level of transfection, as seen by luciferase
activity. The cell transfected with 80pg DNA, when viewed under the light
microscope gave a much-elevated level of cell death than all the other samples, this
could also be seen in the luciferase activity. This was probably due to high levels of
DNA still present in the media after transfection, which lead to cell toxaemia. When
trying to remove the high levels of excess DNA, a centrifugation collection step was
incorporated. However after a centrifugation of 1,000rpm for Sminutes, almost all
the cells were destroyed. This was probably due to the weakened condition of the
cells after the electroporation step. It was decided, therefore, to use the 40ug of
DNA/million cells as the optimum concentration to use.

Now that an optimum concentration of DNA needed for transfection and an optimum
voltage had been worked out the next problem was at what time post LPS stimulation
was optimal to give the highest luciferase activity. This was important to work out
since luciferase is for transient expression only. Unlike the CAT activity, which has a
protein half-life of 50 hours in mammalian cells, luciferase has only a 3 hour half
life126. Therefore, if the stimulation was allowed to carry on too long then there
could be a drop in activity and therefore we would miss the highest expression level.
As before the IkB-LUC plasmid was transfected into the U937 cells using 40ug
DNA/million cells at a 290V pulse. Once transfection had taken place, the cells were

allowed to recover for 48hrs before stimulation with LPS for up 24hrs.
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Figure 7.9 IxB-LUC transfected U937 cells using 40ug/ million cells of DNA at 290V were
stimulated with 10ug/ml LPS after a 48hr rest period. Cells were stimulated for up to 24hrs.

From previous experiments we know that both IL-10 and TNFq are both still
produced at 24hrs-post stimulation with LPS. It was for this reason that 24hrs was
chosen for the final time point, since after this time TNFo synthesis begins to fall.
Also since the TNFo pathway utilises the NFxB transcription factor, as well as the
ability of IL-10 to inhibit NFkB and IL-10 reaching a maximum synthesis rate at
48hrs, 24hrs was chosen as the optimum time point post LPS stimulation to look at

the activity of the luciferase.

7.4 Transfection of IL-10 promoter constructs

With the conditions necessary for the transfection of the U937 cell line now known,
the next step was to transfect IL-10 promoter constructs. Since the promoter

constructs were cloned into a luciferase plasmid based on the pGL2 plasmid, the

pGL2basic plasmid was chosen for a negative control.
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Table 7.1 Human IL-10 promoter constructs and sizes. Names in bold type are shortened versions of

name used in text.

Human IL-10 Luciferase Promoter Constructs

Plasmid Name Promoter Insert Size
pGL-B-PIL103S (103S) 2200bp
pGL-B-PIL100H (100H) 850bp
pGL-B-PIL100S (100S) 820bp
pGL-B-PIL100M (100M) 500bp
pGL-B-PIL100A (100A) 320bp

pGL-B-PIL100AIu2 (100Alu) 300bp
pGL-B-PIL100Stu (100Stu) 120bp

To show that transfection has taken place, the Namawala B lymphocyte cell line was
also transfected as a positive control. Since the Namawala cell line has been EBV
transformed, the IL-10 gene inside these cells is always active and as such the
luciferase in the constructs should be active as well. For the promoter map, see figure

7.20.

Ratio of luciferase activity against renillin activity of IL-10
promoter constructs in the U937 cell line

25

20

&

Ratio (Ir)

o

100Stu 100AIU2 100A 100M 1008 100H 1038
Promoter construct name

Figure 7.10 First attempt at transfecting the IL-10 promoter constructs into the U937 cells.
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The first attempt at transfecting the U937 cells with the IL-10 promoter constructs
proved to be successful. With a similar trend being witnessed in the Namawala

positive control cells.

Promoter activity in Namawala EBV transformed B-cell line

Ratio (I/r)

L Y aker G . gy :
100Stu 100Alu2 100A 100M 1008 100H 1038
Promoter construct name

Figure 7.11 Transfection of the Namawala positive control cells with the IL-10 promoter constructs.

For both cell lines it appears that the IL-10 promoter constructs were successfully
transfected into the cells. For both a similar pattern of activity is seen, however the
transcription sties closer to the gene start site, in the Namawala cell line, appear to be
less pronounced than that of the U937 cell line. This difference in activity was
possibly due to several reasons. The first was that this was a different cell type, the
U937 cell line is a monocytic cell line, while the Namawala cell line is a B
lymphocyte cell line and as such the IL-10 gene may be differently regulated within
the different cell types. This is not unseen in the IL-10 gene. As mentioned earlier in
chapter 1, the HSC when IL-10 is activated it remains constitutively activated, while
in the monocyte, IL-10 eventually switches itself off, via a negative feedback loop.
This would suggest that with IL-10 there is a difference in the ability of the
transcription factors to bind to the gene promoter region, either different transcription
factors are binding or they bind differently to their sites. Secondly, the U937 cell line
had undergone PMA differentiation that could alter the transcription factor ratio
involved in IL-10 activation. The Namawala cell line has been EBV transformed and

as such is constitutively producing IL-10, since the gene is constantly on, this could
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lead to less transcription factors being available to drive the exogenously added IL-

10 promoter constructs.

T
O Activity in Namawala cells
-120 W Activity in U937 cells
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Figure 7.12 Comparison of activity between the U937 and Namawala cell lines transfected with the
IL-10 promoter constructs. Y-axis shows the distance from the start site, plasmid names can be found

table 7.1

The above data does not include the positive IkB and negative pGL-2 results since
for these the positive results had a ratio in excess of 4500 units which would have
masked the signal and the negative had a ratio less than 1.

It has been mentioned before (Chapter one) that cAMP has been found to up regulate
the activation of IL-10 in the monocyte cells. To this end we decided to try and see if
we could augment the IL-10-luciferase signal in the transfected cells by the addition
of exogenous dibutyryl cAMP (a cell permeable analogue of cAMP). The
experimental protocol was the same as above, with the exception that dibutyryl

cAMP was added to the cells after transfection took place.
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Figure 7.13 Effect of exogenous dibutyryl cAMP on the promoter activity in the transfected U937 cell

line.
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Figure 7.14 Effect of exogenous dibutyryl cAMP on the promoter activity in the transfected namawala

cell line.

As can be seen from the above data, the addition of exogenous dibutyryl cCAMP,
leads to a different profile in luciferase activity within the two cell types. In the U937
cell line, the 100Stu, 100Alu2, 100M and 100H plasmids appear to have a similar
profile as was seen when no dibutyryl cAMP was added. However in the 100A and
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the 100S plasmids there was a marked decrease in luciferase activity after dibutyryl
cAMP addition, with the 103S plasmid, having greatly increased activity. With the
Namawala cell line, the 100Stu, 100A, 100M and 100S plasmids appeared to have
similar levels of activation, while the 100Alu2, 100H and 103S all having an increase

in activity, with the greatest increase in the 103S plasmid as was seen in the U937

cell line.
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Figure 7.15 Comparison of activity between the U937 and namawala cell lines transfected with the

IL-10 promoter constructs. Y-axis shows the distance from the start site, plasmid names can be found

table 7.1

With such a difference at the promoter level of transcription, we decided to
investigate how dibutyryl cAMP effected IL-10 production in the primary and U937

cell line at the protein level.
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7.5 Effect of Dibutyryl cAMP on IL-10 Secretion

As before, U937 cells were pre-treated with PMA for 4 days followed by 24hrs with
dibutyryl cAMP. After this they were stimulated with LPS. For the primary cells,
after isolation cells were treated with dibutyryl cAMP for 24hrs followed by LPS

stimulation.
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Figure 7.16 Effect of dibutyryl cAMP pre-treatment on the IL-10 secretion in PMA differentiated
U937 cells stimulated with LPS. dibutyryl cAMP was added at 100ug/ml for 24hrs before LPS was
added. All data points are +/- S.E.

From the data obtained, dibutyryl cAMP augmented IL-10 secretion in the U937 cell
line. This result mirrored what was observed with luciferase activity in the
transfected cells. Without PMA differentiation, then the U937 cell line was
unresponsive to LPS, however, the addition of PMA caused the cells to become
active and produce IL-10. However, dibutyryl cAMP, is able to override this
activation by PMA and lead to an IL-10 response, which is not significantly
increased by LPS stimulation. With PMA and dibutyryl cAMP this response was
once more increased, however PMA and dibutyryl cAMP together induces an IL-10
response, which was once again, not significantly increased with the addition of LPS.

When we examined the luciferase activity on transfected cells treated in the same
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way we observed that most of the responses were the same except for the addition of
PMA and LPS. This led to a greatly increased level of protein production, but not in
transcription. The addition of dibutyryl cAMP also leads to a much higher level of
protein production than is seen at the transcription level. However, as seen in the
protein secretion and transcription activity, the highest level of protein secretion and
transcription were induced with PMA + dibutyryl cAMP and PMA + dibutyryl
cAMP + LPS, with little differences seen between them.
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Figure 7.17 Effect of dibutyryl cAMP pre-treatment on the IL-10 promoter transcription in PMA
differentiated U937 cells stimulated with LPS. dibutyryl cAMP was added at 100ug/ml for 24hrs
before LPS was added. All data points are +/- 2S.E.
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However, this was not the response that was seen in the primary cells. In the U937
cell line the dibutyryl cAMP promoted an up-regulation in IL.-10 secretion, in the
primary cells the opposite was observed with dibutyryl cAMP causing a down-

regulation in IL-10 secretion.
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Figure 7.18 The effect of dibutyryl cAMP on the IL-10 secretion of primary monocytes stimulated
with LPS for 24hrs. Data points are shown +/- 95% confidence levels.

This result took us by surprise since we expected the dibutyryl cAMP to elevate the
IL-10 production in the monocytes as previously reported by Meisel, et al. in
1996127. However, after repeating this experiment several times we came to the
conclusion that the dibutyryl cAMP was indeed down regulating the IL-10 response
in monocytes. To further confirm this result we added epinephrine to the primary
monocytes. Epinephrine works upon the cell by increasing the intracellular level of
cAMP, thus acts like the biological equivalent of the addition of exogenous dibutyryl
cAMP.
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Effect of Epinephrine on LPS response of IL-10 in Primary human blood monocytes

2500
2000
1500 f
|
i
1000 %;[_
B et i
500 —
LPS - Opg/mi 1pg/ml 10pg/mi 100pg/ml LPS + Opg/ml Tug/mi 10pg/ml 100pg/mi
Epinephrine Epinephrine (+0.01%) (+0.01%) (+0.01%) (+0.01%)

Figure 7.19 The effect of epinephrine on the LPS induces secretion of IL-10 by primary monocytes.
Results show +/- 28.E.

Once again, as with the dibutyryl cAMP, the addition of the epinephrine caused a
down regulation in the IL-10 secretion in the primary cells. This new evidence, taken
with the earlier evidence obtained from the inhibitor work in chapter 6, led us to the
conclusion that like the THP-1 and other cell line before it, the U937 cell line would

prove unsuitable for a cell line model to study the transcription regulation of IL-10 in

the monocyte.

123



Figure 7.20 Plasmid map for the pGL-B-103S plasmid as supplied by Dr. D. Kube.
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Plasmid name: pGL-B-PIL103S
Plasmid size: 7813 bp
Constructed by: D.Kube

Construction date: 11/94
Comments/References: 2200bp frag.of human interleukin10-promoter in pGL2-basic

to direct luciferase expression, created by insertion of a Sacl genomic fragment into
the Sacl-site of the plasmid pGL-B-PIL100H, contains the IL10 tr.st.s.

7.5 Discussion

Although various transfection methods were tested, it was found that only the
electroporation method gave consistent transfection of the monocytic cell lines. The
preferred technique was to try and transfect the primary monocytes in order to look
at the transcription regulation of IL-10. However, we were unable to repeat the
transfection method utilised by Ashlee Moses, there are various reasons why this
could have been the case. First, one of the functions of the macrophage is to hunt

down and destroy naked DNA and large particulate matter. Therefore, since the
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Lipofectin reagent must be left on the monocytes for so long, it could be leading to
the cells destroying the particles carrying the DNA, thus preventing transfection.
Second, naked DNA has been shown to be toxic (at high levels) to cells. Since not all
the DNA will be incorporated into the cell, the remaining DNA could be killing the
cells. We tried to centrifuge the monocytes after the transfection, but we found that
many of the cells were being destroyed by this step. Finally, since the Lipofectin
reagent used only works in conditions whereby all serum has been removed from the
media, the lack of serum could be killing off the cells or inducing apoptosis,
especially the primary cells which are not as hardly as a cell line. Therefore, a
combination of any one or more of these reasons could account for the failure of the
primary cell to transfect. When we contacted Ashlee Moses, we found that he had
given up on the transfection experiments involving primary human cells shortly after
publishing his paper and as such could offer no advice on how to deal with this
problem. Therefore we decided to move on to the cell lines.

As mentioned earlier, we originally found the THP-1 cell line to be LPS responsive
and so began to experiment with this for electroporation. Later, when we found that
this original observation was false, we transferred the data we had collected from the
THP-1 experiments to the U937 cell line, also transfectable using the electroporation
technique. From the collected data on the IL-10 promoter constructs, we found that
they were responding in the U937 to LPS stimulation, after PMA differentiation, in a
way that was similar to the human cell line Namawala, with similar patterns of
activation being observed. This proved to be promising, however, we had found that
the O.D. readings collected from the IL-10 constructs was very low, for example the
IxB control was giving readings routinely between 4500 and 5500 units, while the
IL-10 constructs was only giving a signal of 12 — 15 units. Fearing that the signal we
were getting was too low, we decided to augment this signal by the addition of
dibutyryl cAMP. Several groups to augment the IL-10 response of the monocyte had
used dibutyryl cAMP and we decided to use it to enhance the response of the IL-10
constructs. Within the cell cAMP has many functions, from fatty acid metabolism to
it’s role as a second messenger, however one of it’s functions is also to regulate the
action of protein kinase A, which in turn activates the MAP kinase pathways.
Therefore by increasing the concentration of cAMP, we increase the activation of the
MAP kinases, thus increase the level of transcription of the IL.-10 promoter. When

added, however, we found that the pattern of luciferase activation was different than
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that seen without the addition of dibutyryl cAMP. Instead of simply augmenting the
response, allowing a greater reading to be obtained, we discovered that the pattern of
activation in the promoter constructs had changed. After seeing this we decided to
investigate what effect the dibutyryl cAMP was having at the protein level.

In the U937 cell line, the dibutyryl cAMP was shown to increase the activation of the
cells and as such increase the IL-10 secretion. The dibutyryl cAMP was, on it’s own,
as good as the PMA at activating the U937 cell line. This was probably due to the
cAMP, like the PMA, activating the MAP kinases. Although an increase in IL-10
production is seen with PMA stimulation alone, this is greatly increased by the
addition of LPS, however, when cAMP is added to PMA differentiated cells, the
later addition appears to have no effect on the already increased IL-10 production.
This would indicate that the addition of the exogenous cAMP is, itself mimicking the
LPS response. Unfortunately when we added the dibutyryl cAMP to the primary
cells, the opposite happened, the IL-10 secretion was inhibited. The reason for this
apparent reversal in role of the cAMP, as yet, still remains unknown, but this
fundamental difference in the basic cell biology between the U937 cell line and the
primary monocyte would indicated that cell line was also unsuitable to use as a

model in monocyte/macrophage transcription regulation.
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Chapter 8

Discussion
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8.1 Discussion

In order to determine if a cell line model of primary human monocytes could be
developed, it was necessary, first, to develop an assay system that could be utilised to
map the IL-10 response of the primary monocytes. This response could then be used
to determine which monocyte cell line, if any, responded to endotoxin challenge.
Using a matched antibody pair, and by diluting them to find the optimal
concentration, as well as various buffers an Sandwich ELISA assay system was
developed. We found that using Avidin-HRP gave quite variably and sometime very
high background readings. To counteract this we switched the detection system from
the avidin-HRP to the more specific Streptavidin-HRP. This change led to the
background readings being reduced, thus allowing a more sensitive assay that could
measure even small changes in IL-10 secretion. In order to test the assay, we diluted
the supernatant collected from LPS stimulated primary monocytes, in parallel with
we standard curve. From this we were able determine that the supernatants were not
saturating the antibodies and was thus detecting all the IL-10 present in the sample
accurately. By spiking the supernatants and looking at the percentage recovery from
the assay, we were able to confirm this result, as well show that no proteolysis was
taking place within the supernatant samples. With the assay system working, we
were able to use it in future experiments.

We have shown that the macrophage responds to endotoxin by producing IL-10 in a
dose dependent manner. This IL-10 response reaches a peak of production at
between 36 and 48hrs and continues for at least 7 days post stimulation. In the
unstimulated cell, the levels of IL-10 produced were too low to measure. However,
upon stimulation the levels of IL-10 rise in accordance with the dose of endotoxin
added to the cells. We have shown, for the first time, that the secretion of IL-10 does
not appear to have an upper limit.

IL-10 is a potent inhibitor of macrophage function, so small changes in IL-10
concentration are generally enough to witness a down-regulation in inflammation.
However, unlike in other pro-inflammatory cytokines, IL-10 does not show
significant changes in IL-10 secretion until high levels of LPS, in fact generally the
level of LPS needed to raise the IL-10 secretion significantly is 10-100 times higher
than the LPS dose require for maximum TNFo production. Interestingly, this means

that a peak of IL-10 production would not appear until the endotoxin reaches non-
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biological relevant levels. However, there are conditions in which high levels of
endotoxin are found in the system. One of these is septic shock. Often in critically ill
patients their immune system is compromised which leads to high levels of infection.
This high level of infection of course leads to a high level of endotoxin. Since the
macrophage responds to endotoxin by producing IL-10 in a dose dependent manner,
it is not unreasonable to hypothesise that the macrophage will also produce the IL-10
in response to the bacterial infection. If the level of IL-10 rises to high, however,
then the ability of the body to fight this infection will drop dramatically which in turn
leads to septic shock. Perhaps a method of control for septic shock, therefore, would
be to control the level of IL-10 with neutralising antibodies, thus allowing the body
time to recover.

The up-regulation of IL-10 is, however, not limited to septic shock. Indeed many
disease functions have been liked to IL-10 up-regulation. In systemic lupus
erythemotosus (SLE), the enhancement of auto-antibodies can be inhibited by the
addition of anti IL-10 monoclonal antibodies128, and the disease activity has been
shown to correlate with the IL-10 titre in the sera of SLE patients129,130. In
Myasthenia gravis is an antibody-mediated autoimmune disease, where antibodies
are directed against the nicotinic acetylcholine receptors. IL-10 has been shown to
enhance the acetylcholine receptor antibody production131. In Sjogren’s syndrome,
an autoimmune disorder in which lymphocytic infiltration and destruction of salivary
and lacrimal glands occurs, IL-10 has been shown to be elevated in the serum of
patients and this upregulation stimulates B cell proliferation132-134. In patients with
Systemic sclerosis, an increased level of IL-10 has been reported135 and in patients
with Kawasaki disease, IL-10 has been shown to down regulate the acute
inflammatory responsel36-138. Indeed this last disease state and the observations
made seen to support the hypothesis that highly elevated levels of IL-10 could be
responsible septic shock.

The failure of many of the cell lines to produce IL-10 in response to endotoxin
challenge, with or without pre-treatment, came as a disappointment and a surprise at
first. However, if thought about this lack of an IL-10 response is, perhaps, not quite
as surprising as first it seemed. As mentioned in chapter one, the role of IL-10 in
inflammation is quite simply to deactivate the macrophage. Since the monocyte cell
lines are all mutant cells which originate from cancer cells. It is not surprising,

therefore, that perhaps one of the ways in which these cells are able to grow, within
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the hostile environment of the body, is that the mechanisms which deactivate the cell
are switched off. This, of course, could include IL-10. This would answer the
question of why the cell lines are not producing IL-10 in response to LPS, even, in
most cases, with pre-treatment with the phorbol ester PMA.

We have also shown that IL-10 and TNFa are both produced by the same cell at the
same time. Since this is the case, it is also reasonable to hypothesise that IL-10 is
able to regulate the production of TNFoa. within the same cell. Most likely this
happens at the second messenger or transcriptional level, by mRNA degradation.

The production and secretion of IL-10 by the macrophage has been linked to the
MAP kinase pathways by the use of pharmacological inhibitors. This is unsurprising
considering the fact that the MAP kinase pathways have been associated with many
of the factors which contribute wholly or partially towards the inflammatory
response, such as stress from the endotoxin levels, chemokines, cytokines as well as
superoxides and RNI Also proliferation, growth, pro-death (apoptosis) and
regeneration (as in the case of the nervous system). The data presented in this study,
supports this theory, since the broad range MAP Kinase pathway inhibitor,
herbimycin A, does cause a dose dependent down regulation in IL-10 production.
However, the lack of effect of the PD98059 inhibitor suggests that the p42/44 MAP
kinase pathway played little to no role in the IL-10 secretion response of the
macrophage to LPS.

By using the pharmacological inhibitor SB203580, we have shown that IL-10
secretion is regulated through the p38 MAP kinase pathway, since inhibition of this
pathway leads to a dose dependent down regulation in IL-10 secretion. Recently A.
Foey has published a paper that supports our findingl39. Until recently, the
regulation of the JNK/SAPK pathway could not be studied, in great detail, since the
only method available for inhibition of this pathway was by the use of peptides,
which were micro-injected directly into the cell. However, with the discovery of the
inhibitor curcumin, isolated from turmeric, which inhibits the JNK pathway, this
pathway, perhaps for the first time, is being studied in detail. We have shown for the
first time that blockage of the JNK pathway, within the primary monocyte leads to a
complete inhibition of the IL-10 response to endotoxin. However, in the U937 cell
line, we found that the regulation of IL-10, by the MAP kinase pathways is not quite
as clear as it was within the primary cell. Both p38 and JNK pathways appear to be

important to the regulation of IL-10 within the U937, as they were in the primary
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cells, since inhibition still leads to a down-regulation in the IL-10 response.
However, the effect of the JNK pathway is not as clear as it was in the primary cell
due to the high variation of the response. This was most likely due to small variations
in the concentration of PMA in the media, from experiment to experiment as well as
small differences in the curcumin from the primary cell experiments. However
further testing of this theory will be necessary. Nor was the inhibition of IL-10
production as great as it was in the primary cell. In addition, the effect of the p42
inhibitor PD98059 was surprising since it showed a much higher rate of inhibition
than in the primary cells, which was shown unimportant in IL.-10 regulation within
the primary cell. Again, the only explanation which accounts for this would be the
addition of the PMA, since in the RAW267.4 cell line, the PD98059 mirrors the
primary cells and had little to no effect on the IL-10 production.

Of course, it could always be argued that the inhibitory effects seen by the inhibitors
are nothing more that the toxic effects of these potent chemicals upon the cells
themselves. However, after performing a viability count on the inhibitor treated cells,
it was observed that the inhibitors did not appear to have any toxic effects upon the
cells at the concentrations used in this study. As such the inhibitory effects of these
inhibitors can be said to be due to the effect of the inhibitors on the cells and not cell
toxicity. Similar results were seen for all cell lines tested.

In 1994, Ashlee Moses published a paper in which he described his technique in
which he transfected in an HIV long terminal repeat-CAT plasmid and looked at the
expression in primary monocytes obtained from human blood124. In his study he
transfected in the HIV long terminal repeat-CAT plasmid using the Lipofectin
technique. This was a process which, if possible, would lead to a greater
understanding of how the IL-10 promoter is regulated as IL-10 promoter constructs
could be directly transfected into the primary cells to see what effect they would
have. However, when I repeated the experiments, which Ashlee Moses carried out, I
found that it was impossible to transfect the primary cells. This was unsurprising
since it has been long known that an excess of naked DNA will lead to cell death in
primary cells, as well as cell lines125. Also it has been well established that one of
the primary jobs for the macrophage is to seek out and destroy both particulate
matter (in the case of the liposomes) and naked DNA (in the case of plasmid not
encased in lipid). When we contacted Ashlee Moses we found that he was no longer

carrying on with this line of research, instead he had stopped shortly after the paper
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had been published. For this reason, we decided to stop this method of investigation
and concentrate on transfection of cell lines.

Since IL-10 builds up over the course of several days, it was decided that it would be
better to use a CAT analysis system since luciferase shows only transient expression.
Luciferase has a half-life of 3hrs, while CAT has a half-life of around 50hrs126. The
CAT construct used was the W-CAT plasmid, which is IFNY responsive. However,
upon investigation it was found that either the plasmid had become unresponsive or
the IFNy was no longer active. This was possibly due to various methods used to
isolate the plasmid, various storage conditions of the plasmid and the IFNy, the
repeated freeze/thaw as well as the conditions used to grow the bacteria stock up in.
With this in mind, we decided to return to the luciferase reporter system. From early
experiments on the THP-1 cell line, we had established that at a concentration of
40pg/million cells of DNA would lead to the optimal transfection rate. A voltage of
300V at 196 faradays give the best transfection before leading to cell death. When
we transferred this protocol to the U937 and Namawala cell lines, we found that the
same conditions gave the optimum transfection. Using the negative control plasmid
of pGL2-basic and the IxkB-LUC plasmid, we are able to adequately control for our
experiments, with the rate of transfection being determined from a renillian co-
transfection ratio. Finally, we know at what point, post stimulation, we need to
collect and lyse the cells to look at luciferase activity, to determine cell activation
post LPS stimulation. This was important to determine because of the short half-life
of the luciferase. If we chose a point too late then most of the luciferase would begin
to degrade reducing the sample. Similarly, choosing a time point to early would not
allow a sufficient build up of the luciferase to be measure sufficiently.

From the collected data on the IL-10 promoter constructs, we found that they were
responding in the U937 to LPS stimulation, after PMA differentiation, in a way that
was similar to the human cell line Namawala, with similar patterns of activation
being observed. This proved to be promising, however, we had found that the O.D.
readings collected from the IL-10 constructs was very low, for example the IxB
control was giving readings routinely between 4500 and 5500 units, while the IL-10
constructs was only giving a signal of 12 — 15 units. Fearing that the signal we were
getting was too low, we decided to augment this signal by the addition of dibutyryl
cAMP. Several groups have used dibutyryl cAMP to augment the IL-10 response of
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the monocyte140,141 and we decided to use it to try and enhance the response of the
IL-10 promoter constructs. Within the cell cAMP has many functions, from fatty
acid metabolism to it’s role as a second messenger, however one of it’s functions is
also to regulate the action of protein kinase A, which in turn activates the MAP
kinase pathways. Therefore by increasing the concentration of cAMP, we increase
the activation of the MAP kinases, thus increase the level of transcription of the IL-
10 promoter. Also, the IL-10 promoter has within it several cAMP binding motifs,
therefore another way in which the IL-10 signal could be increased was by the direct
binding of the cAMP to the promoter. When added, however, we found that the
pattern of luciferase activation was different than that seen without the addition of
dibutyryl cAMP. Instead of simply augmenting the response, allowing a greater
reading to be obtained, we discovered that the pattern of activation in the promoter
constructs had changed. In the U937 cell line, the 100Stu, 100Alu2, 100M and 100H
plasmids appear to have a similar profile as was seen when no dibutyryl cAMP was
added. However in the 100A and the 100S plasmids there was a marked decrease in
luciferase activity after dibutyryl cAMP addition, with the 103S plasmid, having
greatly increased activity. With the Namawala cell line, the 100Stu, 100A, 100M and
100S plasmids appeared to have similar levels of activation, while the 100Alu2,
100H and 103S all having an increase in activity, with the greatest increase in the
103S plasmid as was seen in the U937 cell line. After seeing this we decided to look
and see what effect the dibutyryl cAMP was having at the protein level.

In the U937 cell line, the dibutyryl cAMP was shown to increase the activation of the
cells and as such increase the IL-10 secretion. The dibutyryl cAMP was, on it’s own,
as good as the PMA at activating the U937 cell line. This was probably due to the
cAMP activating, like PMA, on the MAP kinases. Although an increase in IL-10
production is seen with PMA stimulation alone, this is greatly increased by the
addition of LPS. However, when cAMP is added to PMA differentiated cells, the
later addition appears to have no effect on the already increased IL-10 production.
This would indicate that the addition of the exogenous cAMP is, itself mimicking the
LPS response. Unfortunately, when we added the dibutyryl cAMP to the primary
cells, the opposite happened, the IL-10 secretion was inhibited. The reason for this
apparent reversal in role of the cAMP, as yet, still remains unknown, but this

fundamental difference in the basic cell biology between the U937 cell line and the
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primary monocyte would indicated that cell line was also unsuitable to use as a
model in monocyte/macrophage transcription regulation.

With so many differences between the monocytic cell lines and the primary cells, it
may be that developing a cell line model which truly mimic’s the transcription
responses of the primary monocyte may not be possible. If this is the case then the
growing evidence of the action of IL-10 on the monocytes as well as the synthesis of
this protein, using cell lines, should be carefully evaluated before being accepted as a
true picture as to what is happening within the cell. At least at the transcription level.
However, over the past couple of years, there has been growing evidence of proteins
being regulated, not at the transcription level, but rather at the level of the MAP
Kinases. Specifically these proteins are cytokines, for example IL-13142, IL-
2,143,144 11.-3145, 1L-8146,147, and MMP148. In 1991 DeWaal proposed that one
of the actions of IL-10 was to cause the degradation of pro-inflammatory cytokine
mRNA149. A claim which was supported by Fiorentino et al, the same yearl50.
However since then, no one has been able to show how this happens. We propose
that the mechanism of action of IL-10 in relation to mRNA stability and degradation

is as follows.
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Figure 8.1 Possible mechanism of action of the autoregulatory role of IL-10 within the monocyte. Pro
and inflammatory cytokines are activated by the binding of endotoxin to CDI14 and the interaction
with TOLL receptors. This leads to the activation of the MAP kinase pathways, which leads to the
stabilisation of the mRNA of these cytokines. Over the course of the first 6 hours of stimulation, the
balance of the cytokine expression lies with the pro-inflammatory cytokines, e.g. TNF.. After this
initial stimulation, the secretion of the anti-inflammatory, e.g. IL-10 begins to over take the pro-
inflammatory cytokines. Once at sufficient levels, the IL-10 binds to it’s receptors which leads to the
shut down of the MAP kinase pathways, which in turn leads to the destabilisation of the mRNA. This

in turn prevents the translation and secretion of further protein from the cell.

The exact mechanism by which this would be achieved is, obviously, as yet
unknown. Perhaps the IL-10 receptor pathway directly leads to an inhibition of the
MAP kinase pathways, or perhaps the activation of the STAT’s involved in the IL-10
signalling pathways compete for the phosphorylation of various subunits. It has long
since been established that an endotoxin challenge induces a specific pattern of
expression of growth factors and cytokines, which regulate injury responses and
regeneration. Distinct classes of growth factors and cytokines signal through specific

intracellular phosphorylation cascades. For example, the ERK phosphorylation
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cascade mediates signalling through transmembrane tyrosine kinase receptors and the
JAK/STAT cascade mediates signalling through the GP130 receptor complex. In
one study, looking at peripheral nerve injury, the researchers observations suggested
that ERK activation is important in the establishment of a regeneration-promoting
extracellular environment in the far distal stump of transected nerves and that STAT
3 activation is important in the control of cellular responses close to the site of
injuryl51. This suggested, that while in many cases these pathways may well
compete with each other.

Future work in this area may well benefit, therefore in investigating this area oif
regulation of the IL-10 response in the primary monocyte as opposed to the
transcriptional regulation. Using Western blotting techniques and supershift assays,
the effect of STAT activation of the MAP kinase activity could be examined. The
mRNA stability could be investigated using Taqman and Northern blotting
techniques, to look at the effect of the addition of endotoxin on IL-10 mRNA
stability, the effect of the addition of MAP kinase inhibitors has on mRNA stability.
As well as the effect of the activation of STAT on mRNA stability.

In conclusion, therefore, while the primary objective of this study, the development
of a cell line model to study the transcriptional regulation of the il-10 response to an
endotoxin challenge in inflammation, was never achieved several important
observations were seen throughout the study. The first was the extremely high levels
of IL-10 seen in response to high levels of LPS stimulation, which, as shown, could
have important ramifications on several disease states. Next there was the study into
which cells were actually producing the pro- and anti-inflammatory cytokines, which
showed that the same cells, were producing both, as opposed to monocyte
subpopulations, indicating that somehow the monocyte was achieving a switch from
a pro- to an anti-inflammatory cell. Again, this observation has important
ramifications, since it shows that the same cell is regulating the inflammatory
process. We have shown that the IL-10 response to endotoxin challenge is regulated
via the MAP kinase pathways, and that the inhibition of either the p38 or the JNK
pathways leads to complete inhibition of IL-10 production. Finally, we have shown
that the regulation of the monocytic cell lines and the primary monocyte may be too
diverse to prove to be of any use in this form of research and that conclusions based

on these cell lines in relation of transcriptional regulation should be warily received.
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