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Abstract

Due to antigen recognition, effector and regulatfgiction, lymphocytes have pivotal function in gnan
disease pathways. Immune response towards foreigiteved self antigens has a considerable complexie
fine modulation of the immune response being deliléy the interaction between costimulatory mdieguon
which the final outcome of the immune responserkpdEvaluation of the expression profile of immuaodu-
latory genes and cytokines in cancer may clear sohtkis complexity. Hence we used a PCR screanigtipod
in order to assess mMRNA presence and the quaritiglaiive genes in neoplastic pathologies. We psag to
establish standard “yes or no” condition to the P@#thod in order to confer a semi-quantitative ibtite to
our PCR. We used primers for the following geneld:R; GITRL, IL-2, CD25, CD28, CTLA-4, TGH, IL-18
and GAPDH, the latter one as internal control. Walected samples from patients with mammary, kigdney
rectal, ovary and colonic solid tumors, from volamyt subjects and from patients with inflammatoryhoéogy
used as controls, isolated lymphocytes from blaudi tsssue, and extracted the total mMRNA, followgdelverse
transcription to cDNA. We confirmed quality and gtiy of the total MRNA using GAPDH. We obtainesults
demonstrating that there are significant differenide the expression of these genes in the abovéaned pa-
tients compared to healthy subjects and inflamnyatontrols.

Keywords. gene expression, cancer, TBE, GITR, GITRL, CD28, CTLA-4, IL-2, IL-2RCD25), IL-18.

Rezumat

Reagiile imune in cancer sunt de o deosé&lbomplexitate, modularea fira acestui dspuns fiind con-
dirionatz de interagiunea intre moleculele costimulatoare, de care dépide fapt finalitateadgspunsului. Eva-
luarea profilului de exprimare a genelor imunomaatolre si a citokinelor aferente in cancer poate clarifica
unele aspecte ale compleit r aspunsului imun. Astfel, am elaborat 0 meét®CR semicantitativde a evide-
nfia o parte din genele costimulatoagiene-am propusdstabilim distingia clara de ,da sau nu” pentru meto-
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da noastii PCR. Am utilizat amorse pentru uitnarele gene: GITR, GITRL, IL-2, CD25, CD28, CTLAFGF-
S1, IL-18si GAPDH casi control intern. Am recoltat material tumoral d&olnavi de cancer mamar, renal, rectal,
ovariansi de colon, respectiv sange periferic de la voldrganatosi si de la pacier cu boli inflamatorii,si cancer
bronhopulmonar, izoland limfocitele totale din sé@rgsesut, urmat de extragerea ARNyinfranscrierea inverg in
ADNCc. S-a confirmat cantitatgacalitatea ARNm utilizand GADPH. Rezultatelgimite indiei diferenre semnificati-
ve in exprimarea acestor gene la pagieu cancer in compay cu lotul controki cu inflamaii.

Introduction

Effective immune responses require effi-
cient activation of the immune stimulator system
and inhibition of the immune suppressor compon-
ent of the immune system (cells and cytokines).
This gives rise to a dynamic equilibrium which is
required in host defense. Lymphocytes have pivotal
function in many disease pathways through cell
surface interaction and secreted mediators.

T cell activation affects the expression
of numerous cytokines, chemokines, receptors
of cytokines and chemokines, signal transduc-
tion molecules and cell surface proteins.

Available data suggests functional dif-
ferences between the human immune regulatory
mechanism and its murine homologue.

T cell activation requires two signals, one
from TCR and one from costimulatory molecules.

CD28 has a positive co-stimulatory
function on the T cell, whilSCTLA-4 (cytotoxic
T-lymphocyte associated antigen 4, also known
asCD152 has a negative regulatory effect. Reg-
ulation of theCD28 and CTLA-4 costimulatory
molecules expression plays a basic role in the
homeostasis of the immune systeGTLA-4is
expressed at low levels on resting T cells and it
is upregulated upon T cell activation (1).

Human GITR (glucocorticoid-induced
TNF receptor related gene) is upregulated after
CD4°CD25 T cell or lymphocyte activation
(2, 3). In mouse modefsITRis induced by gluc-
ocorticoids or by activation (4). Accumulated data
indicates thaGGITR is particularly critical in pro-
tection from apoptosis in murine models.

GITRis constitutive and highly expressed
on CD4CD25" regulatory T cells (Treg), and the
removal of GITR or the antibody blockade of
GITRresults in autoimmune disease (5).

GITRL (ligand forGITR) was identified
in humans (2, 6) and later in mice (7). Also, a
soluble form of GITRL was identified (7).
GITRL may be expressed in antigen presenting
cells (APC): monocyte, macrophage, dendritic
cells (DC) (7), endothelial cells, but not in rest-
ing and activated T cells.

TGF g1 (transforming growth factor,
beta 1) can have immunostimulatory or immun-
osuppressive effects on T cells in a context-spe-
cific fashion (1). TGF p1 secreted by Th3
lymphocytes may either costimulate CD8r
down-regulate the expressionlbf2Ra (inter-
leukin 2 receptor alpha, also known @B25),
which inhibits T cell proliferation (1).

IL-2 (interleukin 2) MRNAis not ex-
pressed by CD€D25 cells neither anti-CD3
stimulated nor unstimulated, but anti-C&t8n-
ulated CD4ACD25 cells express elevated levels
of IL-2 mRNA contrary to the unstimulated
CD4'CD25 cells (8) in mouse model. Despite
of the constitutive expression of CD25 on
CD4'CD25 cells, these cells do not proliferate
toIL-2, anti-CD3 or anti-CD28 stimulation.

According to Thornton and Shevach (8),
CD4'CD25" cells exert inhibitory effects by block-
ing the induction of the IL-2 production by the
CD4'CD25 cells at the level of RNA transcription.

Interleukin 18 [L-18) is a proinflammat-
ory cytokine, which in conjunction with some
other cytokines and chemokines contribute to the
tumor specific microenvironment. There are some
controversial data regardirig-18 in cancer. In
this context some authors describe pro-neoplastic
effects of the interleukin-18 in various cancers.
Increased serum levels f18 in cancer patients
are correlated with tumor malignancy.

Junget al. (9) describe increased levels
of inflammation associated interleukirg-15,
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IL-17, IL-18 andIL-18, and their binding proteins
in tumor tissue. Furthermore, RT-PCR and West-
ern blot analysis revealed tHat18 was upregu-
lated in tumor tissues and contributed to tumor
progression through their pro-angiogenic effect.

Parket al. (10) showed increased serum
levels of bothIL-18 and transferrin in MCF-7
breast cancer cell line. Nicoliet al. (11) found
that some cytokinedl(-1, IL-6, IL-11, TGF f1)
stimulate whilst othersll(-12, IL-18, IFNS) in-
hibit breast cancer proliferation and/or invasion.
Similarly, high circulating levels of some cy-
tokines appear to be favorablsoluble IL-2R
whilst others are unfavorabldL{lbeta IL-6,
IL-8, IL-10, IL-18, gp130) prognostic indicators.

According to Coskuret al. (12) inter-
leukin IL-18 has potent anti-tumor effect. Both
serumVEGF and IL-18 levels decreased after
tamoxifen therapy.

Materials and methods

Experimental model

To investigate gene expression profile in
human lymphocytes we carried out a PCR based
analysis in acute and chronic inflammation and
controls. For this purpose we collected tissue
peripheral blood mononuclear cells (PBMC)
from solid tumor patients: 10 patients with breast
cancer, 4 lung cancer patients, 8 rheumatoid pol
yarthritis patients as chronic inflammation con-
trols and from 19 volunteers as healthy controls.
Moreover, we collected tissue samples from: 10
mammary tumors, 2 patients each from kidney,
rectal, ovary and colonic solid tumor and 21 ton-
sils resulted from acute tonsillitis extirpationeW
used the latter ones as acute inflammation con-
trols, since this is the closest tissue microenvir-
onment which is available from human subjects,
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tia University. According to the World Medical
Association Declaration of Helsinki, revised in
2000 at Edinburgh, informed consent was ob-
tained from all subjects.

MRNA analysis

Tissue samples were obtained from un-
treated patients. Tumor tissue was processed un-
der sterile conditions using Medimachine (Becton
Dickinson) by mechanical mincing using
Medicons (Becton Dickinson) and pressing
through 70 micrometer mesh Filcons cell strainer
(Becton Dickinson). From the resultant single cell
suspension, lymphocytes were isolated in density
gradient, using Ficoll-Paque Plus (Amersham
Bioscience). Peripheral blood lymphocytes were
isolated from whole blood in the same manner,
using Ficoll-Paque Plus (Amersham Bioscience)
according to the manufacturer’s protocol.

Total RNA was extracted in all cases
starting from same number of viable cells, from
10x10 cells. The total RNA was extracted using
Trizol ® LS Reagenfinvitrogen), according to the
manufacturer’s instruction. Concentration of RNA
was determined at 260 nm using UV/V K-
anCarry) spectrophotometer, and to determine the
purity of the obtained RNA, the&/Ascratio was
calculated. To double-check the presence and
quality of the extracted RNA, electrophoresis of
the RNA was performed in agarose gel visualized
with ethidium bromide. Strictly equal amounts of
RNA (based on spectrophotometric measurement)
from different samples were used for reverse tran-
scription in cDNA, usingiScript * cDNA Syn-
thesis Kit (BioRad). The cDNA obtained was
used for gene specific PCR. Primers were de-
signed excluding the possibility of genomic DNA
amplification and according to specific amplifica-
tion of possible splice variants of the mRNA.
PCR optimization was performed for each primer

and because most of the receptors we studied are pair to obtain specific amplification products and

not expressed in healthy naive lymphocytes, and
we aimed the profiling of lymphocytes based on
different circumstances af vivo stimulation.
Protocols used in this work were ap-
proved by the Ethics Committee of the Sapien-

to interpret the results semi-quantitatively. First
the optimal hybridization temperature of the
primer pairs was established in order to obtain a
specific amplicon. Secondly, dose dependent PCR
was utilized when the optimal nhumber of cycles
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Amplification products were separated in
1,5% agarose gel electrophoresis and

visualized in UV in the presence of ethidi-

Gene Primer pairs
TGFp1 5'- GCC CTG GAC ACC AAC TAT TGC T-3' and
5'- AGG CTC CAA ATG TAG GGG CAG G-3'
IL-2 5'- GCT ACA ACT GGA GCA TTT ACT GCT G-3' and
5'-CTA CAATGG TTG CTG TCT CAT CAG C-3'
IL-2Ra 5'- GAT GGA TTC ATA CCT GCT GAT GTG G-3' and
5'- TCC ACT GGC TGC ATT GGA CTT TGC A-3’
GITR 5'- TTG GAA CAA GAC CCA CAA CG-3'and
5'- GGC ACC TCC AGC AGC AGC T-3'
GITRL 5'- CTT TAA GCC ATT CAA GAA CTC A-3'and
5'- CCC AAC ATG CAA TTC ATA AGT CC-3;;
5'- ATG CTC AGG CTG CTC TTG GCT-3' and
5'- TCA GGA GCG ATA GGC TGC GA-3;
CTLA-4 5-CTT CTC TTC ATC CCT GTC TTC TGC-3' and
5-ATT GCT TTT CAC ATT CTG GCT CTG-3'
IL-18 5'- GCT TGA ATC TAA ATT ATC AGT C-3' and

5'-GAA GAT TCA AAT TGC ATC TTA-3'

um bromide. As far as the identified vari-
ants of the genes are concerned, we iden-
tified more variants, but we used for this
study as follows: forGITR varl for
CTLA-4varl andvar2, for CD28 varl
The internal control used for PCR was
GAPDH (NM_002046) housekeeping
gene. AlsoGAPDH expression was used
for data normalization.

Statistical analysis

Total amount of the amplifica-
tion products was calculated using the
volumetric analysis method @juantity-
One(BioRad), and the obtained data was
processed using Excel and Matlab.
Graphical representation of the data was

was determined so as the amplification process re-
mains in the exponential phase. For each reac-
tion, the numbers of cycles were interpreted to ob-
tain yes/no results. This information was con-
firmed by a number of pilot experiments with
positive and negative controls. Due to the fadt tha
the starting amount of template was the same, this
provided a semi-quantitative analysis of the ampl-
icons and their comparison to the control group,
and the obtained data were relative values of the
intensities. The sequences of the primers used in
the PCR experiments are presentedlable 1

percent

Figure 1. Percent of the positive samples in
mammary tumor (n=10)

performed in Matlab, using the box plot

method. The advantage of this particular
plot is that graph notch is a robust estimate ef th

uncertainty about the means for box-to-box com-
parison.

Each box has lines at the lower quartile,
median, and upper quartile values. Studett’'s
test was used where two groups of the intensity
values were compared. P value of less than 0.05
was considered statistically significant.

Results

Gene expresson profilein mammary tumor

The mammary tumor gene expression
profile was characterized by the expression of
the TGF 41, GITRandCD25genes in high per-
centages, whilst the rest of the genes were ex-
pressed only in a few casdslTRL (in 2 from
total n=10),IL-2 (1 from n=10),CD 28 varl
(3 from n=10), andCTLA-4 variants 1 and2
(1 from n=10) Figure 1).

GITR was not expressed in PBL of the
control patients. All chronic inflammation PBL
samples showed elevated level GITR, whilst
the obtained relative intensities for the lung can-
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Figure 2. Relative quantities for a)GITR mRNA b). CD25 mRNA c). CD28 mRNA and d). TGF 1 mRNA
expression (1. breast cancer, 2. lung cancer, 3.uke inflammation, 4. chronic inflammation, 5. healhy
control). Plots are illustrating the results of Quantity One volumetric analysis after background extaction

and normalisation. p>0.05

cer were decreased as presentddgnre 2a

In acute inflammation significant up-
regulation ofGITRwas found (p < 0.05) com-
pared to the breast cancer.

In other cancer samples such as kidney
cancer and colonic canc8fTRappeared in small
relative quantities in the majority of the cases.

We have found high levels /D25 ex-
pression in chronic inflammation in contrast to
the PBL of the breast and lung cancer patients
and controls, as presentedRigure 2h Relat-
ive values forCD25 expression in breast and
lung cancer patients PBL were low, and statist-
ically similar compared each other (p < 0.05).
Moreover, in other cancer samples, in rectal and
kidney tumor tissuesCD25 mRNAexpression
was similarly low.

Highest expression o€D25 was ob-
tained in chronic inflammation.

Following CD28 mRNA expression
screening we have identified all eight mMRNA
splice variants described by Manisha Deshpande
et al. (13). These eight mRNA splice variants ap-
peared in peripheral blood samples as well as in
tissue infiltrate. Statistical analysis has beenedo
using only (the largest) variant 1, NM_006139.

We have demonstrated upregulation of
CD28 mRNAexpression in acute tonsillitis
compared to the breast cancer. Lung cancer pa-
tients presented louCD28 expression in PBL,
same as in chronic inflammation.

Control patients did not sho@D28 ex-
pression, as presentedrigure 2c

Our results showed similar expression
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Relative quantities for CTLA-4 var2 gene expression
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Figure 3. a).CTLA-4 varl and b). CTLA-4 var2 mRNA expression in inflammation and cancer (1. breast
cancer, 2. lung cancer, 3. acute inflammation, 4hconic inflammation, 5. control) Plots are illustrating the
results of Quantity One volumetric analysis after background extraction am normalisation. p>0.05

of TGF 1 mRNAIn breast cancer and in tonsil
samples as presented kigure 2d We proved
statistically higher (p < 0.05JGF 1 expres-
sion in PBL of the arthritis patients than in con-
trol samples or lung cancer.

CTLA-4 mRNAshowed expression of
both two CLTA-4 mRNAvariants in PBL and
tissue: mMRNA variant 1 (NM_005214) and
MRNA variant 2 (NM_001037631). The ex-
pression profiles found folCTLA-4 variants
were highly similar as presentedrigure 3

Our results showed upregulation of
CLTA-4 mRNAexpression in chronic inflamma-
tion compared to breast cancer samples where
CLTA-4 mRNAs not expressedCTLA-4 vari-
ants were highly expressed in PBL of chronic in-
flammation patients contrary to the lung cancer
patients and controls PBL. SmalCLTA-4
mRNAexpression was observed for both vari-
ants in PB of breast cancer patients.

GITRL mRNAwas not detectable in the
control group, but 1 from n=4 PB lung cancer
samples expresséal TRL GITRLwas signific-
antly (p < 0.05) upregulated in approximately
half of the chronic inflammatory disease pa-
tients, as presented Figure 4a Two of n=10
solid breast tumors expresSITRL mRNA
GITRLwas also found to be upregulated in ton-
sillitis patients compared to the breast tumors.

GITRL was also found to be expressed
in the rest of cancer samples expressed in the
rest of cancer samples: 2 rectal tumors and 2
kidney tumor tissues.

Five from a total of 10 patients expressed
IL-18 in breast cancer. Our results indicated low
IL-18 expression in mammary tumor tissue com-
pared to the tonsils as presented in Figure 4b.

Also, IL-18 expression was determined
from PB lymphocytes in rheumatoid arthritis
patients (8 from n=8), mammary tumor patients
(8 from n=10), similarly to the control group (8
from a total of 19 samples).

IL-18 was highly expressed in chronic in-
flammation, followed by control samples and mam-
mary tumor (p < 0.05), as presenteéfigure 4h

IL-18 was highly expressed in other
cancer tissue infiltrates such as ovary tumor (2
from n=2), rectal tumor (2 from n=2), kidney
tumor (2 from n=2), colonic tumor (2 from n=2)
and last stage uterus tumor (1 from n=1).

Our results showed elevatid2 mRNA
level in acute inflammation as presenteéigure
4c. IL-2 mRNAwas not expressed neither in PBL
of control patients, chronic inflammation and
breast cancer patientsigure 49.

InterestinglL-2 mRNAwere found in:
rectal tumors (2 from total n=2) and kidney tu-
mors (2 from total n=2) patients.
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Finally, we compared gene expression
in tumor and PMBC lymphocytes in breast can-

cer. As we present iRigure 5,gene expression
profile was correlated in tumor tissue and
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Figure 4. Relative intensities for a)GITRL b). IL-18
and c). IL-2 expression in cancer and inflammations
(1. breast cancer, 2. lung cancer, 3.acute
inflammation, 4. chronic inflammation, 5. control)
Plots are illustrating the results of Quantity One
volumetric analysis after background extraction
and normalisation. p>0.05

PMBC lymphocytes. Peripheral blood lympho-
cytes seem to have higher levels of expression
than tumor tissue and, since correlation is con-
served, we find it a good model of lymphocyte
profiling in this case.

Discussions

GITR is a costimulatory receptor which
is reasonable to be expressed in all circum-
stances of immune stimulation. Treg cells con-
stitutively express higher levels @ITR than
conventional T cells, independently of location
and activation state (14). Since GITR stimulates
responder T cells and also Treg cells, the over-
all effect is a stimulation of the immune re-
sponse, and a significant reduction of Treg sup-
pressor activity, which is concordant with the
autoimmune pathogenesis. Data already proves
the role of anti-GITR antibodies in restoring
this function by both removing Tregs and also
stimulating responders, by inducing prolifera-
tion. Proliferating Tregs lose their suppressive
capacity. Furthermore GITR seems to be at
least as important, especially in CD8 T lympho-
cytes costimulation, as CD28 (15).

Anti-CTLA-4/anti-GITR mAb combina-
tion treatment exhibited far stronger antitumor ef-
fects compared to either antibody alone. This
strong antitumor effect is explained by an in-
creased number of CD8+ T cells infiltrating tumor
sites in anti-CTLA-4 mAb-treated mice, and in-
creased cytokine secretion and Treg resistance of
tumor-specific CD8+ T cells with strongly upreg-
ulated CD25 expression in anti-GITR mAb-
treated mice (16). Cohest al. demonstrated that
the anti-GITR antibody enhances immune re-
sponse towards melanoma by stimulating respon-
der T cells and by inhibiting Treg cells (17). Ront
et al. (18) demonstrated that anti-GITR antibody
is an effective vaccine adjuvant against foreign
antigens, and suggested using it as a potential ad-
juvant in solid tumor therapy. Furthermore, this
antibody was used in an adenomavirus based T
cell vaccine model, eradicating permanently and
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Figure 5. Comparison of tumor and PMBC lymphocyte gpression profiles in breast cancer

completely the papillomavirus-induced tumors,
which was not the case with other adjuvants like
anti-CD4 or interferon (19). On the other hand,
CD25 is a phenotypical marker for Treg cells (8).
Transforming growth factor beta, pro-

Tuyaerts (3) could not detebiGITRL
expression in different PBMC subsets but they
detectedGITRL on different transformed cell
lines such as HUVEC line EA.Hy926, and on
the EBV-transformed B cell lines 888-EBV,

duced by macrophages, enhances tissue regen-1087-EBV and 1088-EBV (3).

eration (20). TGF 41 signaling was shown to be
implicated in suppressive effects of the Treg in
the murine and human models.

Elevated level of solubl@ GF 1 was

Junget al. (9) found increased expression
of some inflammation associated cytokines such
as IL-15, IL-17, IL-18 and IL-18 binding protein
(IL-18bp), and elevated level of chemokines in tu-

observed by some authors in the supernatant of mor tissues. Also, RT-PCR and Western blot ana-

Treg cell cultures, where this gene contributes
to the tumor cell’'s escape from an effective im-
mune responselGF 1 levels are associated
with tumor progression, severity, and metastatic
capacity (21-25).

According to Zhang (L)TGF A1, IL-2R
(CD25), GITR CD28andCTLA-4(CD152 are
upregulated in the tumor-specific T cells fol-
lowing activation versus naive T cells.

According to Baltzet al. (26) GITRL is
constitutively expressed by human tumors and
directly modulates their immunogenicity, cytokine
release and interaction with NK cells found to ex-
pressGITR GITRL stimulation markedly reduces
expression of immunostimulatory molecules
CD40 and CD45. GITRL signaling alters the ex-
pression of regulatory surface molecules and
stimulates production of the immunosuppressive
cytokineTGF A1 in tumor cells (26).

lysis revealed upregulation of tHe 18 which is a
pro-angiogenic factor in tumors.

IL-2 mRNA was not expressed by
CD4'CD25 cells neither anti-CD3timulated
nor non-stimulated, but anti-CD8timulated
CD4'CD25 cells expressed elevated levels of
IL-2 mRNA contrary to the non-stimulated
CD4'CD25 cells (8) in mouse model. Despite
of the constitutive expression of CD25 on
CD4'CD25 cells, these cells did not proliferate
to IL-2, anti-CD3 or anti-CD28 stimulation.

According to Thornton and Shevach
(8), CD4CD25 cells exert inhibitory effects by
blocking the induction of the IL-2 production
by the CD4CD25 cells at the level of RNA
transcription. It seems thdlt-2 mRNAis ex-
pressed in stimulated effector cells, not in naive
effector T cells or in Treg.
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Conclusions

In conclusion, we have proved upregu-
lation of MRNA expression for some immun-
omodulatory genes, and that some other genes
are not expressed.

We have found elevated level 6GD25
GITR, GITRL TGF 1 mRNA in cancer, upreg-
ulation of IL-2 and CD28 in acute inflamma-
tion, and upregulation a€D25 GITR TGF 41,
IL-18 in chronic inflammation. We have found
no CTLA-4expression in cancer tissue.

In control sample#_-2, CD28 CTLA-4
GITR andGITRL mRNAshowed lack of expres-
sion or low levels of GF A1, IL-18 andCD25.

This data is consistent with the current
theory according to which tumors obviate im-
mune surveillance by using Treg, which protects
the tumor against the host's responder T cells.

Furthermore, there is a good correlation
between tissue lymphocyte expression profile
and PBMC expression profile, and this data can
have future clinical utility.

Our findings are the first step in evalu-
ating human cells, and endorse further studies
in this direction. Although structural and func-
tional changes exists between human and mur-
ine fine-tuning, elucidating these mechanisms
seems a valid direction in order to find new ap-
proaches in cancer immunotherapy. Taken to-
gether, our data contributes to the understand-
ing of biological functioning of lymphocytes in
neoplastic disease.
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