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Abstract

The differences in immune cells engaged in cell
mediated immunity around chemotherapy of far
advanced pancreatic cancer

Seungmin Bang

Department of Medicine
The Graduate School, Yonsa University

(Directed by Professor Si Young Song

Pancreatic cancer is one of the most dreadful malignancidsttee 2 year survival
rate is only less than 10%. The poor prognsis of pancreaticecais related to the
poor response for systemic chemotherapy and/or radiptheiEhe poor outcomes of
conventional treatments require some new therapeutic litieslasuch as gene therapy
or immunotherapy. Recently, the combination of chemopiyerand immunotherapy is
suggested to augment the effect of immunotherapy. Howdithe, is known about
possible effects of chemotherapy on the immunity of canegiemqts. So, we tried to
evaluate the effect of the combined chemotherapy with dehice and cisplatin on
the cell mediated immunity of pancreatic cancer patients.

Thirteen patients of far advanced pancreatic cancer werallesh and 7 sex and
age matched healthy volunteers were included as contrabgro

The number of immune cell subpopulations engaged in celliatest immunity of
patient group was lower than that of control, and the cyicitgxof natural killer cells
was impaired in patients group. And the concentrations afinsevascular endothelial
growth factor and interleukin-10 in patients group werehfigthan control.

After one cycle of the combined chemotherapy with gemcimband cisplatin, the

_iv_



immunologic impairments of pancreatic cancer patientsewgenerally recovered. In
numberic aspect, the decreased cell number of dendritls, CEl cells and natural
killer cells were restored after completion of chemothgragspecially, the count of
dendritic cells after chemotherapy returned to and exdediue value of healthy control.
With the numeric recovery, impaired cytotoxicity of natukdller cells showed to be
restored and the elevated vascular endothelial growtlorfaictterleukin-10 concentration
were decreased with chemotherapy.

Taken these data into accounts, when the patient of paiccezaicer receives one
cycle of chemotherapy is one of the ideal timing of dendritiels collection for
immunotherapy. And to maximize the effect of immunotherajtyis important to
evaluate when the immunosuppression of pancreatic cartents is improved maxi-

mally with systemic chemotherapy.

Key Words: pancreatic cancer, immunotherapy, chemotherapy, dendsl, cell

mediated immunity
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l. INTRODUCTION

Pancreatic cancer is the fifth most common malignancy intemescountries and
ranks the position of the eighth common malignancy in KbfeZhis malignancy is
so dreadful that the annual incidence of newly diagnosegntatis almost same with
the annual mortality and the 2 year survival rate is only s 10% In most cases
of pancreatic cancer, it is so hard to diagnose in early stditfe lack of specific
clinical symptoms and signs. And a lot of cases that are tiotm be detected in
early stage tend to be proven to have microscopic or magioséoci of metastasis
in liver, peritoneum or distant lymph nodes at the time ofighidiagnosis.

Furthermore, the conventional therapeutic modalitietuding systemic chemotherapy
have been reported to be ineffective for the control paticremncer. Even though
the beneficial effect on survival is reported recently isesaof pancreatic cancers that
were treated with postoperative adjuvant chemotheragy rabectable cases are less than
10% of all cases of pancreatic cancer and the role of cherapthend radiotherapy is
limited in the treatment of locally or far advanced pandceasincer>®

With the poor therapeutic outcomes of the conventionakrtresats, including chemo-

therapy or chemoradiation therapy, the need for new thetiapparadigm is growing.



Immunotherapy with dendritic cells (DC) or adoptive cytito T lymphocytes (CTL)
seems to be an attractive alternative.

After Coley's experimental treatment with erysipelas rjatancef, immunotherapy
was popularized over a century. Recently, with advance alenstanding in the
immune system, it has been clear that cell mediated imm{@My}), composed of
DC, CTL, and natural killer (NK) cell, plays a key role in tumammunotherapy®™®
The major concern for cancer immunotherapy is how can amtieeanti-tumor CTL
response be elicited? A number of studies have been revdaédan effective CTL
response requires that T cells should be stimulated byfispeadtigen presenting cells
(APCs) that are called DC3™° DCs were first described as the morphologically
distinct Langerhans cells in the skin,16 and have since Isbewn to be the most
efficient APCs for the activation of naive T celt® With the discoveries of diverse
tumor associated or specific antigens and the developnagntsethods for stimulating
naive DCs or CTLs, current attempts such as cancer vacciraelaptive transfer of T
cells have been tested in clinical fiefd:’

However, the initial optimism of the trials showed limiteédlve on the regression
of established tumors and lead to some pessimism. Even ifeffieetive CTLs are
transferred adoptively to the patients or tumor specifid.<CBre generated by DCs,
there are several mechanisms by which tumor cells can edcapetumor-specific T
cell surveillance in the tumor microenvironment. The imosuppressive mechanisms
induced by tumors include diminished responses to recdijems, decreased prolife-
rative T cell responses and loss of cytokine productionediiee signal transduction
in T cells and NK cells, and increased apoptosis among the+CD8ell in peripheral
blood lymphocytes from cancer patients and mice with exmaal tumord>* To
overcome these obstacles, a few recent trials in comhinatiochemotherapy, radio-
therapy or chemoradiotherapy with immunotherapy have betempted™® These
combined trials are based on the ideas that apoptosis ofr taaib induced by the
chemotherapeutic agents or radiation, is a good targethirXC. DCs, pulsed with
the apoptotic tumor cell, can make naive T cells to be aetivatVith this mechanism,

anti-tumor effect can be more potentiated. In other wortss iapparent that neither
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of these two types of treatment by itself has been suffidentradicate the established
cancers, despite of the potency of cytotoxic anti-cancemtagor radiation, and the
great specificity that can be achieved with immunotherapy.

Although the combination of these two different modalitiegds enormous potential
for possibility of success, the knowledge to the effect am st immunity, especially
on the CMI, of the chemotherapy or radiation therapy seembBetwery limited. Just
empiricism has dominated in the choice and scheduling ofbirtions.

With the shortage of information on the change of host imigurduring the
conventional treatments, we analyzed the influences demsys chemotherapy on the
immunity of the patients of far advanced pancreatic carieest, we evaluated whe-
ther the numeric and functional defects in immunity are gier not in patients of
pancreatic cancer. Second, we analyzed the effect of cherapy, composed of
gemcitabine and cisplatin, on the immunity of the patientspancreatic cancer the
numeric change of cellular components, including DCs, CNIs cells and the change
of tumor associated immunosuppressive cytokines such tedeirkin-10 (IL-10), vas-
cular endothelial growth factor (VEGF).

With this study, we will be more informative of the ideal timgi of immunotherapy

when combined with conventional therapy.



II. MATERIALS AND METHODS

1. Subjects

The study included 13 patients diagnosed as far advancecrepsin cancer and
planned to receive combination chemotherapy of gemoéabimd cisplatin. The patients
who had a history of prior chemotherapy or radiotherapy vexeluded. The chemo-
therapeutic regimen consisted of an administration of gehioe 1,000 mg/fmweekly
(days 1, 8, and 15) followed by a 1-week rest and cisplatin &drfas a 2-hour
infusion in 500 ml normal saline on day 1 of each 28-day cydih \wwdequate prehy-
dration and mannitol infusion accompanied by adequateamyrioutput. The administ-
ration of gemcitabine was 4-6 hours prior to cisplatin. Witiiormed consents, the
peripheral venous blood was obtained serially on the day51,2&8 before the start of
infusion of the drugs (Figure 1).

The peripheral blood of 7 volunteers who were matched ageserdand no history

of internal malignancy or severe morbidity were sampledHealth control.

Gemcitabine 1,000 mg/m?
Cisplatin 80 mg/m?
Gemcitabine 1,000 mg/m®
Dayl Day8 Day15 Day21 Day?28

T T T

Figure 1. The schedule of gemcitabine and cisplatin combination otierap
and blood sampling. Blank arrows represent the day of blemapkng for study



2. Reagents

Culture media used were RPMI-1640, supplemented with 108 f®vine serum
(FBS, HyClone, USA), penicillin, streptomycin (1,000 vmit Gibco BRL), 2mM L-
glutamine, 20 nM HEPES (sigma, St. Louis, MO, USA).

Fluorochrome-labelled monoclonal antibodies was usednédyze phenotypes of cells
in peripheral blood mononuclear cells (PBMCs). They wer@eage-FITC/CD11c-PE,
CD4-FITC/CD8-PE, CD3-FITC/CD16+CD 56-PE, CD4-FITC/CER2B, CD34-FITC/CD14-
PE, CD3-FITC/CD19-PE (BD pharmingen, San Jose, CA, USA).

For magnetic NK cell sorting, a commercial kit, NK cell igmba kit I (Militenyi
Biotec Inc., Auburn, CA, USA) was used. This kit has two congis. The first one
is the hapten-antibody cocktail (Cocktail of hapten-cgajad monoclonal antibodies
against CD3, CD14, CD19, CD36, and anti-lgE antibodies) thedother is anti-hapten
MicroBeads (colloidal super-paramagnetic MACS MicroBeadnjugated to a monaoclonal
anti-hapten antibody).

3. Collection of peripheral blood and preparation of PBMCs

Peripheral blood samples were collected from 7 normal lygalige and sex matched
volunteers, and 13 patients with far advanced pancreaticecaPeripheral blood samples
of the patients were collected on the day 1, 15, 28 of the fiyste of combination
chemotherapy of gemcitabine and cisplatin (Figure 1). @lsamples were collected into
EDTA tube. PBMCs and sera were isolated by centrifugatiorr dvicoll-Hypaque
(Amersham Biosciences, NJ, USA) gradients afC20 , @®@@6r 30min. After careful
collection of sera, PBMCs were collected and washed 2 timiés phosphate buffer
solution (PBS).

4. Immunophenotypic analysis by flow cytometry

PBMCs were stained with the panel of monoclonal antibod@s(l/1¢ cells) listed

in reagents. And the cells were incubated for 15 min & 4 .rAfteubation, the



samples were centrifuged at'C4 , 1,5p6h for 5min and the supernant fractions
were removed. For fixing, 4% paraformaldehyde 100 | wereeddth each sample.
Two-color flow cytometric analyses were performed, usinfACScan flow cytometer
(Becton Dickinson). Data were analyzed with WINMdi progreser. 2.8, USA). Each

analysis included at least 10,000 events.

5. Isolation and preservation of NK cells

The isolation of NK cells from PBMCs was performed by depletof non-NK cells
with magnetic activating cell sorting (MACS) system acomydto the manufacturer's
instruction. In brief, the prepared PBMCs were centrifuged300g for 10 minutes
and pipetted off supernant completely. The cell pellet wesuspended in 82 | of
buffer solution (PBS, supplemented with 0.5% bovine seruimunain and 2 mM
EDTA) per 10 total cells and 2Q: | of hapten-antibody cocktail mentioneddagents
per 10 total cells. After incubation for 10 minutes at(6 and washiag times
with buffer solution, add 2Q« | of anti-hapten microbeads &0du| of buffer solution
per 10 total cells. After additional incubation for 15 minutes &t 4and washing with
buffer, the cell pellet was resuspended with 300 | of bufdution. The cell suspension
was applied onto Midi MACS column for depletion of non-NK population. The
purity of the enriched NK cells was evaluated by flow cytametoutinely and
exceeded 90%.

6. Assay of NK cell cytotoxixity

Cytotoxic activity of NK cells was measured by JAM as&ajlK cells were washed
with PBS, resuspended in RPMI-1640 medium and combined Witjthymidine
labeled K562 leukemia cells (1@ells/ml) at the desired effector/target (E/T) ratios in
triplicate wells of V-bottomed microtiter plates. After @wight incubation at 3Z in
a humidified atmosphere containing 5% £@e contents of each well were harvested
onto glass fiber mats using a Skatron multiple sample hevesnd fH]thymidine

recovery was determined by liquid scintillation countiri@ercent specific killing of
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K562 target cells was calculated using the following foremul
%specific killing = (S-E/S) x 100

where E is the experimentally retained DNA in the presencélkfcells (in cpm) and
S is the retained DNA in the absence of NK cells (spontane@esh are presented as
the mean percent specific killing of triplicate sampledixSrom a representative

experiment.

7. Assay of proliferative activity of T cells

For assay of the activity of T cells, phytohemagglutininfPHsigma, USA) was
used” The final concentration of PHA was 1@ g/ml, which are optirfwal maximum
proliferative responses. The cells were cultured at a faesicentration of 10cells/ml
in 200 x| of medium in 96 well microtiter plates. During 72 h ofcubation at 37 |,
5% CQ and 100% humidity, cells were labelled with [3H]thymidiged Ci/mmol, 2
gCi/well) for 18 h at 48 h incubation. And after 72 h incubafiaells were harvested
on glass fiber filters. The dried filters were placed in slitation cocktail and label

incorporation was measured as counts per minute (cpm).

8. Determination of VEGF and IL-10 concentrations in serum

Serum VEGF and IL-10 concentrations were determined usingnamercially available
enzyme-linked immunoassay (ELISA) designed to measure Fyis@vels (Pierce endo-
gen, Rockford, USA) and IL-10 levels (BD biosciences, Saagbj CA).

The assay for determining the concentration of VEGF emptbgsquantitative sand-
wich enzyme immunoassay technique using recombinant hiw&&Fes and antibodies
raised against the recombinant protein. The assay exhibitsignificant cross-reacti-
vity with other angiogenesis factors and has a sensitivity3.0 pg/ml. And the assay
for IL-10 uses a monaoclonal antibody specific for IL-10. Thewver threshold of
sensitivity of the IL-10 assay was 2 pg/ml. All samples wessagied in duplicate and

the mean value was used for VEGF determination.
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9. Statistical analysis

The differences in cell subpopulation and serum concéemraif VEGF and IL-10
bwtween the healthy control and patients of pancreaticecamere analyzed with Mann-
Whitney U test. And the difference of those parameters ondig 1, 15, 28 in

pancreatic cancer patients were analyzed with Kruskalis\aist.



[ll. RESULTS

Thirteen patient of far advanced pancreatic cancer weralleshrin the study and 7
volunteer who matched sex and age were enrolled as contiap.gifhe mean age of
patients and controls were 58+10.2 and 5916.1 years olgeately. All the patients

of pancreatic cancer had at least one site of distant m&tasta

1. The cell components of cell mediated immunity in patientswith far
advanced pancreatic cancer are decreased

To evaluate the quantitative defect of CMI of the patientdanf advanced pancreatic
cancer, PBMCs of patients and control who matched sex andwaege stained with
specific monoclonal antibodies against cell-type spedifiarkers; CD11c for detection
of DCs, CD16, CD56 for NK cells, CD4, 8, 25 for T lymphocytesPI® for B
lymphocytes, and CD14 for monocytes (Figure 2). The totaMe8 were significantly
decreased in the patients of pancreatic cancer, comparttd tixe healthy control
group (p<0.05). CD3-/CD19+ B cell and CD3+/CD16+/CD56+ Nk&ll subpopulation
was significantly decreased. Although there was no gtaissignificance, Lineage-/
CD1lc+ DCs, CD4+ T cell, CD8+ T cell and CD3-/CD16+/CD56+ NKll€ were

decreased in the patients of pancreatic cancer (Table 1).



A. Patients

102

102

CD8
CD11c

CD16/56

Lineage CD3

B. Healthy control

10+
0
10+

CDS8
CD;lc
CD16/56

Lineage

Figure 2. Representative data of PBMCs from healthy volunteer andtianpaof far
advanced pancreatic cancer. Isolated PBMCs were stairtedawiibodies against cell-
type specific markers to measure immunological parameff conjugated antibodies
were CD4, Lineage cocktail (Lin-), CD3 and PE conjugatedbadies were CD8, CD11c,
CD16, CD56.
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Table 1. Comparison of peripheral blood leukocytes and DC amts between the

patients of far advanced pancreatic cancer and healthy corl

Patients Control
Total PBMC count (1§/ml) 1.24+0.42 2.12+0.83
DC count (1d/ml) 1.06+0.73 1.17+0.63
percentage (%) 0.89+0.65 0.58+0.33
CD4+ T cell count (1d/ml) 23.09+20.03 58.39+46.51
percentage (%) 16.83+£10.62 24.65+15.25
CD8+ T cell Number (1G’ml) 16.23£10.49 35.87+22.80
percentage (%) 12.3744.95 15.4646.74
CDA4+/25+ T cell Number (1¢/mi) 2.27+3.35 3.58+3.40
percentage (%) 1.47+1.94 1.45+1.01
CD3-/19+ B cell ~ Number (14/ml) 8.51+7.86 19.70+10.24
percentage (%) 6.4616.20 9.31+3.76
NK cell Number (1G’ml) 21.43+10.67 29.24+8.30
percentage (%) 17.2946.65 14.91+4.75
NKT cell’ Number (1¢/mi) 3.66+2.44 8.67+6.68
percentage (%) 2.92+1.75 3.63+1.78

*p-value<0.05, Mann-Whitney U test
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2. The combination chemotherapy of gemcitabine and cisplat leads to
numerical restoration of cell mediated immunity

For analyzing the changes of cell subpopulations along @ogémciatbine and cisplatin
combination chemotherapy, we performed serial immunogiigeing of PBMCs obtained
on the day 1, day 15, and day 28. The total PBMCs count restordtie level of
healthy control without temporal cytopenia during the seunf chemotherapy. Other-
wise, the counts of CD4+ T cells, CD8+ T cells, NK cells and DxBswed temporal
decrement on the day 15 and exceeded the pretreatment waltiee oday 28. Even
though the patterns of these populations were similar, tieevof NK cells on the
day 28 was recovered to the level of healthy control. Fumbee, the absolute DC
counts restored and exceeded the healthy control value eordar 28 (Figure 3). On
the contrary, the absolute count of CD4+/25+ regulatory I, &D3-/19+ B cell and
monocytes sustained on the day 15 and eventually decreated the pretreatment
value on the day 28 (Table 2).
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Table 2. The influence of gemcitabine and cisplatin combirtion chemotherapy
on the peripheral blood leucocytes

Day 1 Day 15 Day 28
Total PBMC count (l(ﬁ/ml) 1.24+0.42 1.75+£1.16 2.08+£1.50
DC count (1G/ml) 1.06+0.73 0.90+0.76 3.41+5.00
% 0.89+0.65 0.67+0.52 2.0242.22
CD4+ T cell count (1¢/mi) 23.09+20.03  17.49+8.45  24.50+21.86
% 16.83+10.62 14.67+8.85  15.39+10.55
CD8+ T cell count (1¢/mi) 16.23+10.49  6.07+3.37  20.32+24.39
% 12.3744.95  558+4.41  10.65+8.07
CD4+/25+Tcell  count (10/mli) 2.27+3.35 6.88+8.94 0.96+0.77
% 1.47+1.94 4.03+4.29 0.72+0.70
CD3-/19+B cell count (1d/ml) 8.51+7.86  13.4+12.10  5.81+4.04
% 6.46+6.20 8.3345.60 4.37+3.76
NK cell count (1¢/mi) 21.43+10.67 11.19+7.57 27.57+22.87
% 17.2946.65  9.94+9.04  12.71#4.33
NKT cell count (1¢/mi) 3.66+2.44 3.31+4.07 5.3645.97
% 2.92+1.75 1.59+0.74 2.12+1.22
Monocyte count (1¢/mi) 11.22410.32 25.46+18.78 21.00+16.86
% 9.84+10.05  16.17+9.14  13.88+12.32
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Figure 3. The change of cell subpopulations of CMI with gemcitabind aisplatir
combination chemotherapy.

*p< 0.05, Mann-Whitney U test with contr
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3. The combination chemotherapy of gemcitabine and cisplat restores
impaired cytotoxicity of NK cells and proliferative activity of T cells

1) JAM assay for NK cell cytotoxicity

To evaluate the cytotoxicity of NK cells of the patients of fadvanced pancreatic
cancer, we performed JAM test with K562 cells. The NK cell pagulations isolated
from the PBMCs of 4 patients of far advanced pancreatic camog 4 healthy controls
were used.

The mean percent of DNA loss by pretreatment NK cells was +8.88% and
9.95+11.48% in healthy control (Figure 4). However, thisiclional impairment of
NK cells was recovered with gemcitabine and cisplatin coatimn chemotherapy and
eventually restored to the level of healthy control (6.78Z%7on day 1, 10.36+14.49
on day 15, 12.28+6.41 on day 28).

2) T cell proliferation activity with PHA stimulation

To evaluate the proliferative activity of T cell, 10 g/ml oHR was used. The
absolute value of Hjthymidine incorporation was measured. The T cells subiiatipn
isolated from 7 patients of far advanced pancreatic canugrdafrom healthy controls
were used.

The proliferative activity of T cells without PHA was sigaéintly lower than that
stimulated with PHA. On the contrary to the decreased oyitotactivity of NK cells,
the proliferative activity of T cell in the absence of PHA iangreatic cancer patients
was more activated than that of healthy control at the timepretreatment (723.0+
964.0 vs 86.9456.9). And the cpm values with stimulation &fAPshowed similar
patterns (2,506.7+4,246.6 vs 16,879.1+22,064.6). bitegly, the value of ‘Hthymidine
incorporation in pancreatic cancer patients showed teahpocrement on day 15 and
reciprocal decrement on day 28(16,879.1+22,064.6, 19%3866,824.1, 8,628.9+
10,174.9). However, the activity on day 28 of pancreaticcearpatients was higher

than that of control group (Figure 5).
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Figure 4. The influence of gemcitabine and cisplatin chemotherapy dgtotoxic

activity of NK cells. Cytotoxic activity of NK cells was meagd by JAM assay. NK
cells were cocultured with*f{jthymidine labeled K562 leukemia cells flgklls/ml) in

triplicate. Thymidine recovery was determined by liquidntitation counting. Percent
specific kiling of K562 target cells was calculated.
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day28

dayl5 —

patients

day1

_I

control

] I 1
0 10000 20000 30000

[*H]thymidine incorporation (cpm)

Figure 5. The influence of gemcitabine and cisplatin chemotherapyttan T cell
proliferation activity. Peripheral blood T cells @ﬁblls/ml) were cultured with PHA
(10 ug/ml). fH]thymidine incorporation was measured on 72hours of wiltiResults
represent the mean +SE of the values.
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4. The immune-suppressive cytokines tend to be decreasedthwithe
combination chemotherapy of gemcitabine and cisplatin

1) The influence of chemotherapy on serum VEGF

The pretreatment serum VEGF levels in patients (192.1ZfgIml) with pancreatic
cancer were significantly higher than those in controls83580.5 pg/ml). The serum
VEFG concentrations of pancreatic cancer patients werecatged with one cycle of
gemcitabine and cisplatin combination chemotherapy €r&)l even though the values
of day 28 in patient group was higher than those of controug(®igure 6). Though
the mean values of VEGF of pancreatic cancer patients decreaith chemotherapy,
the change of VEGF in individual patients showed variabkpoases. The serum con-
centration of VEGF in some patients decreased with cherapipebut in other patients
steadily increased with chemotherapy and in the remairimg,value of serum VEGF

decreased on the day 15 and slightly increased again on yh@8la

2) The influence of chemotherapy on serum IL-10

The pretreatment serum IL-10 values in patients with paticrecancer (122.0+68.9
pg/ml) were higher than those of control (111.4+37.4 pg/mipwever the difference
did not show statistical significance. And the serum IL-HYels on the day 15 in
patients of pancreatic cancer were more elevated than tfopeetreatment (Table 3).
However, the values of IL-10 become lower than those of gaetment after comple-
tion of one cycle of gemcitabine and cisplatin combinatidrenaotherapy (Figure 7).
In the aspect of individual patients, the changes of IL-10ewsimilar to that of
VEGF.
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Table 3. The changes of serum VEGF and IL-10 in patients of pasreatic cancer
with gemcitabine and cisplatin combination chemotherapy

VEGF, pg/ml Day 1 Day 15 Day 28
Patient 192.1+114.7 175.7+161.8 157.7+139.7
Control 50.8+39.5 - -

IL-10, pg/ml Day 1 Day 15 Day 28
Patient 122.0+68.9 147.8£139.8 103.0£70.1
Control 111.4+37.4 - -

*p< 0.05, Mann-Whitney U test with control
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IV. DISCUSSION

It is well known that the cancer patients or experimentamafs with large tumors
may have a defective immune system which is secondary to disgase, and immune
dysfunctions associated with the presence of progregsiyewing tumors’? Espe-
cially, in contrast to the antigen-specific immune dysfioms, so called ‘tumor escape
phenomenon' including the inability of tumor-specific GD# cells and CD8+ T cells
to respond to tumor antigens, as observed mainly in mouserimgntal systems,23
advanced cancer is often associated with a more global ehanthe immune system
that is not specific for the antigens expressed by the tuifioe. generalized immuno-
deficiency in patients of advanced cancer includes demilessactivity of delayed type
hypersensitivity test, defects in the production of Thlokytes like IFN-y , IL-2 and
TNF-«, defects in cytotoxic and proliferative functions of CElls and NK cells and
secretion of immunosuppressive molecaféé?

In the current study, the cell mediated immunity of panaeetncer patients showed
defects in the aspect of cell quantity as well as of cellularcfions. First, the total
number of PBMC was significantly lower than healthy contridurthermore, the cell
subpopulations involving cell mediated immunity such asspPCD8+ CTLs, NK cells
were decreased compared with sex and age matched healttiglcoin addition to
these quantitative defects, the cytotoxic activity of NKIsceseems to be impaired in
the patients of pancreatic cancer, while the immunosugipeesytokines-VEGF, IL-10
showed higher level than healthy control. These results repyesent that the immu-
nity, especially cell mediated immunity in the patients @ir fadvanced pancreatic
cancer is impaired numerically as well as functionally.

Despite the great specificity that can be achieved with inotherapy, this treat-
ment by itself has been insufficient to eradicate the maligp. And this limit of
immunotherapy attributes partially to the immunodefitieondition of the host with
malignancy, revealed in our study.

Recently, many trials have been done to overcome this lirhiinemunotherapy.

Just as cancer chemotherapy began with the use of singlésaged evolved into
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combination therapy, immunotherapy has been combined etitmotherapy or radio-
therapy. Rosenberg et @l.reported in their sequential treatements of metastatic
melanoma that the administration of antitumor autologgusphocyte populations can
be far more active in mediating tumor regression in vivo wis@ministered after
nonmyeloablative chemotherapy than when administeretiouiit prior chemotherapy.
And Takahashi et & reported a good response with nonmyeloablative stem cell
transplantation in unresectable pancreatic cancer fmti@his trial used the concepts
‘graft versus tumor (GVT) response’ of hematologic mafigies. In allogenic bone
marrow transplantation of hematologic malignancies, yeéelaGVT response is thought
to be more important than early GVT response which are neetliay direct donor T
cell allorecognition. In other words, dying tumor cells mpsovide antigen presenting
cells including DCs with a plentiful source of tumor antigem combination with
danger signals that may enable DCs to initiate antitumor IT responses and thus
maintain tumor immune surveillance. This suggestion sipgoby the experiment of
Rad et af’ They reported that coculture of immature DCs with tumor scéfeated
with the alkylating agents-melphalan and chlorambucilddedo enhanced autologous
and allogenic T cell activation, up-regulation of surfacepression of MHC and
costimulatory molecules, and increased IL-12 secretiamd Axposure of DCs to DNA
purified from tumor cells treated with alkylating agentsaalincreased their T cell
stimulating capacity, expression of CD86, and IL-12 semmetSimilar to this expeti-
ment, Nikata and Gabriloviéh showed that the combination of -irradation leaded to
accumulate DCs in transplanted tumor area of mice remarkabd resulted in a
significant T cell response to the specific antigens.

In our study, we also evaluated the effect of chemotherapyhé immunity of
patients of far advanced pancreatic cancer. Gemcitabirdgoaycytidine analog, acts
by intracellular activation into phosphorylated metabsli such as gemcitabine triphos-
phate, which competes with endogenous deoxycystidin@osjghate for incorporation
into DNA, and gemcitabine diphosphate, which inhibits mibdeotide reductase, and
inhibit the DNA synthesié>* Cisplatin, a platinum agent intercalates with double

stranded DNA and forms platinum-DNA adduct. Experimentatience of a synergistic
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interaction between gemcitabine and cisplatin, probaldiated to an increase in
platinum-DNA adduct formation and apoptosis of tumor cB&if8

In the aspect of cell counts, one cycle of the combinatiormdtigerapy of gem-
citabine and cisplatin leads to variable results accordimgthe cell subpopulation.
Total PBMCs restored to the value of healthy control in el early stage of
chemotherapy and more increased after completion of on& ayic chemotherapy.
Otherwise, the cell subpopulations engaged in cell metistenunity - CD8+ T cells,
CD4+ T cells, NK cells, NKT cells, and DCs - showed temporapdin early phase
of the chemotherapeutic schedule and finally restored &t léhe value of pretreat-
ment. Interestingly, DCs showed minimal drop in the mid oérabtherapy and resto-
ration after completion of one cycle of chemotherapy. And fost chemotherapeutic
value of DCs exceeded that of healthy control although it wid show statistical
significance. This early restoration of DCs to the level afmal value was reported
in the study of Markowicz et & Their study with the patients of variable hema-
tologic and solid tumors showed that DCs of peripheral bloeete depleted and
restored rapidly after chemotherapy and the early renefvaheo DC population was
followed by the recovery of DC-dependent primary respa@mags to the neoantigen -
keyhole limpet hemocyanin. Taken into consideration th@is Oposition the key role
in currently available immunotherapy, this early restoratof DCs is an important
clue for considering the timing of DCs collection for immiimerapy.

In accordance to the numeric recovery of immune cells, thetaxicity of NK
cells and the proliferative activity of T cell were restorgdth chemotherapy. The
cytotoxic activity of NK cells to K562 leukemia cells, whiclvas decreased in pret-
reatement phase, was restored relatively early phase aiotherapy. Even though the
NK cell subpopulation showed depletion on the day 15 of clieenapy, it revealed
that the cytotoxic activity already went into the recovernyd aexceeded the level of
healthy control. Otherwise, the proliferation activity df cells for PHA showed a
different pattern of recovery. On the day 15, the mid time & tchemotherapy
schedule, the value ofH]Thymidine incorporation was increased and decreaseoiwvbel

that of pretreatment after completion of one cycle of chbewipy. However, the
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proliferative activity of T cell in the patients of pancrieatancer at the time of diag-
nosis was superior to that of normal healthy control. Thisulte are some different
from others that have reported that the T cell proliferatamtivity was impaired in
patients of malignancies. Even though this data should bealgated with repeated
experiments, it is possible that T cells of patients of malig diseases may be normal
or more activated condition. However, the immunologic emrnents surrouding the T
cells may be harzadous and immunosuppressive. For exathpldmmunosuppressive
cytokines - TGF# , IL-10 and VEGF- are proven to play a role fimresponsiveness
of lymphocytes to antiger’8>® TGF-3 is well known immu- nosuppressive cytokines.
In pancreatic cancer, Teraoka et™alshowed that TGF-1 inhibit the attachment of
lymphocytes to cancer cells and decreased cell cytotpxidind Bellone et af
reported that aberrant production fo TGF- and IL-10 in pesit cancer patients
skews T cell cytokine production patterns in favor of a ThZnimophenotype.

Whether the immunosuppressive cytokines are increaseatoinrthe patients of far
advanced pancreatic cancer was evaluated with the seratiehtpaand controls. For
this, we evaluated the serum concentration of IL-10 and VE&Fshown above, the
value of VEGF in patients group was markedly increased thesitiy control. And
the concentration of serum VEGF seemed to be decreased wnéhcyrle of gem-
citabien and cisplatin combination chemotherapy. Howevdren plotting the serial
values of serum VEGF in individual patients, variable pageof changes appeared.
Some of the patients showed consecutive decrement of the=\l@B chemotherapy,
and the inverse pattern occurred in others. It may be relaidd the difference of
the sensitivity to chemotherapeutic agents. So, the VEGQHevanay be correlated
with the prognosis of pancreatic cancer patients. Althoilgis some apart from our
study, Karayiannakis et &.showed the higher level of serum VEGF in pancreatic
cancer patients at the time of diagnosis correlate with ragheh and metastatic disease
and poor prognosis.

The serum concentration of IL-10 in patients group was algen than control
group. And the IL-10 after one cycle of chemotherapy becaoweerl than pretreat-

ment with transient elevation on the day 15. The serial dwmng individual patients
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also showed variable patterns similar to VEGF.

In summary, we found that the immunity of pancreatic can@giepts was defected
in numerical and functional aspects. And with gemcitabine aisplatin combination
chemotherapy, these immunologic defects seemed to beregest&specially, the
numeric recovery of DCs population and the functional resittn of cytotoxicity of
NK cells were rapidly recovered and exceeded the level oftHyea@ontrol after one
cycle of chemotherapy. In addition, the serum concentrabd VEGF, IL-10 also

decreased with chemotherapy.
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V. CONCLUSION

Although our study has some limitations, because most dhemnapy are adminis-
tered consecutively with 3 to 4 weeks interval rather thaningles cycle, we found
some suggestive data for considering ideal timing of imrtherapy combined with
systemic chemotherapy and for the change of immunity of rpatic cancer patients
with systemic chemotherapy.

Taken into account that DCs population recovered rapidly exceeded the value
of healthy control with one cycle of gemcitabine and cisplatombination chemo-
therapy, when the patients of pancreatic cancer receive cgole of chemotherapy
may be one of the ideal timing of DCs collection for immunogips.

And the immunosuppressive environments, including VEGF1A0 and suppressed
cytotoxic functions of NK cells, T cells seem to be improvedhwchemotherapy. So,
cellular adoptive immunotherapy should be installed at tthvee of maximizing these
improvements.

- 27 -



REFERENCES

1. Greelee RT, Murray T, Bolden S, Wingo PA. Cancer statist?000. CA, Cancer,

10.

11.
12.

13.

14.

J Clin 2000;50:7-33.

. Ministry of Health and Welfare Republic of Korea. 2002 Aah Report of the

Korean Central Cancer Registry (Published in 2003).

. Jemal AT, Murray J, Samuels A, Ghafoor A, Ward E, Thun M. dcarstatistics,

2003. CA Cancer J Clin 2003;53(1):5-26.

. Hiraoka T. Extended radical resection of cancer of thecrpas with intraopera-

tive radiotherapy. Clin Gastroenterol 1990;4:985-993.

. Neoptolemos JP, Stocken DD, Friess H, Bassi C, Dunn JAekitd, et al. A

Randomized Trial of Chemoradiotherapy and Chemotherapgr dResection of
Pancreatic Cancer. N Engl J Med 2004;350:1200-1210.

. Geer RJ, Brennan MF. Prognostic indicators for surviligr aesection of pancreatic

adenocarcinoma. Am J Surg 1993;165:68-72.

. Sener SF, Fremgen A, Menck HR, Winchester DP. Pancreaticec A report of

treatment and survival trends for 100,313 patients diaghdeom 1985-1995, using
the National Cancer Database. J Am Coll Surg 1999;189:1-7.

Sohn TA, Yeo CJ, Cameron JL, Koniaris L, Kaushal S, AbramAs €& al. Resected
adenocarcinoma of the pancreas - 616 patients: Resultsonaes, and prognostic
indicators. J Gastrointest Surg 2000;4:567-79.

Coley WB. The treatment of malignant tumors by repeatedulation of erysipelas:
with a report of ten original cases. Am J Sci 1893;105:48F7-51

Lanzavecchia A. Identifying strategies for immune riveation. Science 1993;260:
937-944.

Pardoll DM. Cancer vaccines. Nat Med 1998;4:525-531.

Colaco C. Why are dendritic cells central to cancer inotagy? Mol Med Today
1999;1:14-17.

Smyth MJ, Godfrey DI, Trapani JA. A fresh look at tumor iomosurveillance
and immunotherapy. Immunolo nature 2001;2:293-299.

Young JW and Inaba K. Dendritic cells as adjunvant fosscla major histocom-
patability complex-restricted anti-tumor immunity. J Eked 1996;183:7-11.

_28_



15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Hart | and Colaco C. Fusion induces tumor rejection. fdafi997;388:627-628.
Banchereau J and Steinman RM. Dendritic cell and theratawft immunity. Nature
1998;392:245-252.

Rosenberg SA. A new era for cancer immunology based omehes that encode
camcer antigens. Immunity 1999;10:281-287.

Kono K, Takahashi A, Ichihara F, Amemiya H, lizuka H, Fifi et al. Prognostic
significance of adoptive immunotherapy with tumor-assec lymphocytes in
patients with advanced gastric cancer: A randomized t@éh Cancer Res 2002;
8:1767-1777.

Fumiko I, Koji K, Akihiro T, Hiromichi K, Hidemitsu S, etlalncreased popula-
tions of regulatory T cells in peripheral blood and tumditthating lymphocytes in
patients with gastric and esophageal cancers. Clin Carezr2803;9:4404-4408.
Young RC, Corder MP, Haynes HA, DeVita VT. Delayed hypesgivity in
Hodgkin's disease. A study of 103 untreated patients. Am d 18¥2;52:63-68.
Alexander JP, Kudoh S, Melsop KA, Hamilton TA, Edinger RIGTubbs R, et
al. T cells infiltrating renal cell carcinoma display a pquoliferative response even
though they can produce interleukin 2 and express inténeRkreceptors. Cancer
Res 1999;59:2950-2956.

Kiessling R, Wasserman K, Horiguchi S, Kono K, SjoberdPida P, et al. Tumor-
induced immune dysfunction. Cancer Immunolo Immunotheé9eB:353-362.
Marindola FM, Jaffe EM, Hicklin DJ, Ferrone S. Escape afmhn solid tumors
from T-cell recognition: Molecular mechanisms and furmdio significance. Adv
Immunol 2000;74:181-273.

Kiertscher SM, Luo J, Dubinett SM, Roth MD. Tumors prorateered maturation
and early apoptosis of monocyte-derived dendritic cellémdunol 2000;164:1269-
1279.

Mitchell MS. Combination of anticancer drugs and imntiom@py. Cancer Immunolo
Immunother 2003;52:686-692.

Nikitina EY and Gabrilovich DI. Combination of -irrad@t and dendritic cell
administration induces a potent antitumor response in rtbe@ring mice: Approach
to treatment of advanced stage cancer. Int J Cancer 208258833.

Lhr, M, Hoffmeyer, A, Krger, JC, Freud, M, Hain, J, Holl&. et al. Microen-

_29_



28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

capsulated cell-mediated treatment of inoperable pditwrearcinoma. Lancet 2001,
357:1591-1592.

Rosenberg SA, Yang JC, Robbins PF, Wunderlich JR, HwuhBxnSRM, et al.

Cell transfer therapy for cancer: Lessons from sequentsgtrhents of a patient
with metastatic melanoma. J Immunology 2003;63:385-393.

Takahashi T, Omuro Y, Matsumoto G, Sakamaki H, Maeda Yunkd K, et al.

Nonmyeloablative Allogeneic Stem Cell Transplantation Ratients With Unresec-
table Pancreatic Cancer. Pancreas 2004;28:e65e69.

Rad AN, Pollara G, Sohaib SM, Chiang C, Chain BM, Katz DRe Tifferential

influence of allogenic tumor cell death via DNA damage onddéa cell maturation

and antigen presentation. Cancer Res 2003;63:5143-5150.

Matzinger P. The JAM test A simple assay for DNA fragmimaand cell

death. J Immunol Methods 1991;145:185-192.

Ceuppens JL, Barogja ML, Katrien L, Damme JV, Biliau A.rklan T cell acti-

vation with phytohemagglutinin The function of IL-6 as ancessory signal. J
Immunol 1988;141:3868-3874.

Hertel LW, Boder GB, Kroin JS, Rinzel SM, Poore GA, Todd,GE al. Eval-

uation of the antitumor activity of gemcitabine (2',2kalifo-2'-deoxycytidine). Cancer
Res 1990;50:4417-4422.

Huang P, Chubb S, Hertel LW, Grindey GB, Plunkett W. Actaf 2',2'-difluoro-

deoxycytidine on DNA synthesis. Cancer Res 1991;51:611G-6

Bergman AM, Ruiz van Haperen VW, Veerman G, Kuiper CM,eRetGJ.

Synergistic interaction between cisplatin and gemcitaliin vitro. Clin Cancer Res
1996;2:521-530.

van Moorsel CJ, Pinedo HM, Veerman G, Vermorken JB, RestRE, Peters GJ.
Scheduling of gemcitabine and cisplatin in Lewis lung tumbearing mice. Eur
J Cancer 1999;35:808-814.

Markowicz S, Walewski J, Zajda K, Wiechno PJ, Skurzak HBrmek J, et al.
Recovery of dendritic cell counts and function in peripheoiood of cancer

patients after chemotherapy. Cytokines Cell Mol Ther 2Z003:24.

Sulitzeanu D. Immunosuppressive factors in human caAck Cancer Res 1993;
60:247-267.

_30_



39.

40.

41.

42.

Fortis C, Foppoli M, Gianotti L, Galli L, Citterio G, Cogso G, et al. Increased
interleukin-10 serum levels in patients with solid tumo@ancer Lett 1996;104:
1-5.

Teraoka H, Sawada T, Nishihara T, Yashiro M, Ishikawa KhiNo H, et al.
Enhanced VEGF production and decreased immunogenecitycaddby TGF-1
promote liver metastasis of pancreatic cancer. Cancer Bek,85:612-617.

Bellone G, Anna T, Artusio E, Mareschi K, Carbone A, TitiaD, et al. Tumor-
associated transforming growth factgr- and interleukiredntribute to a systemoc
Th2 immune phenotype in pancreatic carcinoma patients. ARathol 1999;155:
537-547.

Karayiannakis AJ, Bolanaki H, Syrigos KN, AsimakopsulB, Polychronidis A,
Anagnostoulis S, et al. Serum vascular endothelial groathorf levels in pancreatic
cancer patients correlate with advanced and metastagasgisand poor prognosis.
Cancer Lett 2003;194:119-124.

_31_



Al

<A EnF F

FE 8}

Wﬂi%ﬁﬂ&ﬁ?ﬂ%%
— 1 ol —
L@O OE EL B LE &Mo T W = ~ K
@oﬂ%ﬂ%@r%o_ﬂﬂﬁrjv
WOATaLEEOh_uwﬂ%%@uP
o o oﬂ.H]N ;OL
JVawTdA_z%ﬂmcmﬁmawHu%
ok o x = 4 A _
rlsee el Es g
o — = ar Y
gxoﬁm_%wMH%%Mmo
(Y LN, PR
I- I T oo o X2 Mo o R ~ I
o) .m.._ _w_u/TMlﬂ.mO ﬂL‘mﬂﬁT o O: ! Mﬂmﬂ
TN o o= O T e T R =
F %M&u%%%w@?%@ﬁ
ol o T = . N o =
i N o W o % o R
= éo o oF o 2 i — or
H._ i e x P R o @l Koy oR ey
3 O S NI AN I e
o o gy Hu?WrEmwa
T By NgPUHea®y gy
x x_sfﬂzt%ﬂeb%%ﬂ%mm
5 BT RN Taumdy
T TN T g ER P,
_~ _Jl‘mw EL o — T 00
\LIOU\WXL.\I X0 K m
Bﬂd ﬂfﬁ‘olw/o X Mﬂc.:; E.eqﬁ Mo
eFR o Mo X
maLmEaLu%§7ﬂmuﬂaLo
T T R N e N
%%ﬂﬂw&%@@%W%
L.J.AO,JII_/:O ) f—
e a T Sour ~ 2w
Ok R N o o B ofpn o
o Joo BRK M T MWK G o

o

)}
cispaltin

7

F

373

sttt
- 32 -

°©

cisplatin

=

wl
81714 A Fgets Fehdal | gemcitabing!

oFx.a14}

gemcitabine

uf 7H

1
T

A7
E

o] Al

=

20043 ZF-H 20041

SEE
2}



-
X

] e

3E°o] K562
2%
bic.

FATE .

°

], 3 NKA)
1789 Skl AlA A

+

18] A+

o
=]

-, CD8+

hyA

A2 284 9] gemcitabine/cisplatin
° =2 deZl VEGF, IL-109]

A e

Lo I = Bt

AME, CDA+ TH

cisplatin

Gemcitabine %!

il

0]
ysl

& T ool @ X W T T
< N
T T o oo & )
moE M EEHSN B
TR O OFT _T 5 BR
o I~ N~ =T =
g ¥ g R AR
HEERR SRR LTS e T
ﬂHOAOtHLNroL. ,Nro%ﬂ]udh
W™ TXBE N g
ooy FAR e Moy gy
oﬁbx,#ﬂwmmﬂaa_eﬁﬁumﬂﬂnmo
%Wﬁﬂﬂ%i%ﬁ&ﬂni
n_A.OL.o]_tHE . K = X
Eﬁuo_wwn_/nﬂd'%fr_/wﬁﬂ&
MR e ke e ©
ﬂﬁﬂu%p&amﬁﬁﬂu%iﬁ%
g&ﬂAWWmﬁLﬂpﬂﬂﬁMM
) 0 [
Emwﬁﬂm, ﬂmwﬁ%mﬁf
TP =y AT XER
N:,##L1Ao]m@ﬁwj7MXE
.EOuo»Ewﬂmlptmu;owﬁ
5 o R o P doom F
B ooy = S oy xo Mo mo
Wiﬁﬁzfﬂaoﬂ@%mﬂwﬁ
T = SA [
= R oo oo Moo
ST ELEPE NS
Bk MmN ep My
X S X ool g oo X R Xy
M ILT T mapwh P
¥ BOZ R o o of
L W W L ® -
M%mmﬂmﬁ%@xm@w«,%é
o) I~
W= oy BT gy N
oo ® o T M W Ny
e O I R R

_33_

7

] i

LI

A==




	Contents
	Abstract
	I. INTRODUCTION
	II. MATERIALS AND METHODS
	1. Subjects
	2. Reagents
	3. Collection of peripheral blood and preparation of PBMCs
	4. Immunophenotypic analysis(Flow cytometric analysis)
	5. Isolation and preparation of NK cells
	6. Assay of NK cells cytotoxicity
	7. T cell proliferation assay
	8. Determination of VEGF and IL-10 concentration in serum
	9. Statistical Analysis

	III. RESUTLS
	1. The cell components of cell mediated immunity of far advancedpancreatic cancer are decreased
	2. The combination chemotherapy of gemcitabine and cisplatinleads to numerical restoration of cell mediated immunity
	3. The combination chemotherapy of gemcitabine and cisplatinrestores impaired cytotoxicity of NK cells and proliferative activityof T cells
	4. The immune-suppressive cytokines tend to be decreased with thecombination chemotherapy of gemcitabine and cisplatin

	IV. DISCUSSION
	V. CONCLUSION
	VI. REFERENCES
	Abstract in Korean

