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Abstract Effects of gemcitabine (Gemzar) on immune
cells were examined in pancreas cancer patients to
determine whether it was immunosuppressive, or
potentially could be combined with vaccines or other
immunotherapy to enhance patient’s responses to their
tumors. Blood was obtained at five time-points, before
therapy, 3—4 days after initial gemcitabine infusion and
immediately preceding three additional weekly infu-
sions. Effects on T-cell subsets, B-cells, myeloid dendritic
cell precursors, antigen presenting cells (APC), acti-
vated/memory, and naive cells were examined. Func-
tional activity was measured by intracellular staining for
cytokines before and after T-cell activation, and by
interferon y production in EliSpot responses to tumor
presentation. Although absolute lymphocyte counts de-
creased with the initial treatment with gemcitabine
infusion, the counts stabilized during subsequent treat-
ments, then returned within normal ranges seven days
after the fourth treatment so that the absolute lympho-
cyte count no longer differed significantly from that
prior to treatment. These effects on absolute lymphocyte
counts were mirrored by statistically significant de-
creases in absolute numbers of CD3 and CD20 lym-
phocytes during these time periods. The proportions of
T and B-cells, however did not change significantly with
therapy, although significance changes were observed in
some specialized subsets. A decrease in the proportions
of the major BDCA-1", CDI1b myeloid dendritic cell
subset and a reciprocal increase in the minor BDCA-3™
dendritic cell subsets resulted at 3—4 days, then their
levels returned to normal. No significant changes in
percentages of CD86 and CD80 APCs or CD4",
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CD25 " T-cells were documented. Increased percentages
of CD3", CD45RO" memory lymphocytes reached
significance at day 7, then declined to statistically sig-
nificant decrease at days 14 and 21 after the second and
third infusions, respectively. Immune T-cells were func-
tional in pancreas cancer patients treated with gemcita-
bine. The data suggest that gemcitabine therapy may
decrease memory T-cells and promote naive T-cell acti-
vation. We conclude that gemcitabine therapy (1) is not
immunosuppressive and (2) may enhance responses to
specific vaccines or immunotherapy administered to
activate or support immune responses directed toward
driving effector immunity to cancer cells.
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Abbreviations

APC  Antigen presenting cells
FITC Fluorescein isothiocyanate

PE Phycoerthrin
wbc White blood cells
Introduction

No adequate therapy for pancreas cancer has yet been
found and most of 30,000 patients diagnosed annually in
the USA die within a year of diagnosis. Gemcitabine is a
chemotherapeutic drug (cytidine analogue) that has be-
come the ‘standard of care® treatment in these patients
because it increases the quality of life, relieves pain, and
has some survival benefit, but may be of more use when
combined with other forms of therapy. One option that
might have potentiality for therapy is a combination of
gemcitabine with immunotherapy to boost immune
reactivity. Our previous studies revealed substantial
immune cell activity in pancreas cancer patients, hence
expansion of their anti-tumor immunity may be possible
[1, 2]. Other studies undertaken to determine the effects
of gemcitabine on NK, CTL or LAK cells in vitro
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indicated that it markedly inhibited generation of LAK
or CTL, but had little effect on previously activated
immune cell functions [3]. Others indicated that weekly
infusions of gemcitabine had little effect on lymphocyte
activities in vivo [4]. On the other hand, studies of im-
mune cell functions in mice demonstrated that while
gemcitabine had a depressive effect on B-cells and anti-
body production, it enabled the development of specific
T-cell immunity to established tumors; particularly,
when ‘secondary’ signals were nonspecifically activated
[5, 6]. Before similar studies could be adapted to human
treatment protocols, a more thorough examination of
the effects of gemcitabine in human subjects with ade-
nocarcinomas of the pancreas must be undertaken.

Material and methods
Subjects

Ten patients with previously surgically resected, or
newly diagnosed, nonresectable metastatic adenocarci-
noma of the pancreas were consented to an IRB-ap-
proved study. All subjects had a health performance
status of 0—1 when they entered the study. No subject
had received previous chemotherapy or radiotherapy.

Gemcitabine was administered in a dose of 1,000 mg/
m? over 30 min at days 0, 7, 14, and 21. Blood was
drawn immediately before the treatments and on either
day 3 or day 4 after the first treatment. Mononuclear
cells were isolated from heparinized blood by Ficoll
density centrifugation, and immediately frozen in four
aliquots and stored at —70°C. All five draw dates were
collected and then assays on a given subject were per-
formed at one time. Clinical laboratory tests included
were lymphocyte counts on peripheral smear differen-
tials and serum levels of CA-19-9 and CA-15-3. Serum
was removed from clotted blood and centrifuged to re-
move residual red blood cells, then frozen in aliquots
and stored at —70°C.

Cell surface markers

A single aliquot from each of the five draw dates was
thawed, then mononuclear cells were stained with fluo-
rescence-conjugated antibodies and analyzed with a
FacsCalibur LSR flow cytometer. The gating strategies
for lymphocytes and monocytes were based upon for-
ward light scatter (size) and 90°, side scatter (granular-
ity) as performed with clinical samples. FITC and PE
conjugated mouse IgG; served as negative controls,
while anti-CD3-FITC and anti-CD4-PE served as posi-
tive controls for setting quadrants. Data are presented as
percent cells staining positively for each respective
marker with IgG1 backgrounds subtracted. Antibodies
to cytokines were titrated to determine optimum con-
centrations for maximum detection with low back-

ground staining. Antibodies to cell surface markers were
used at the manufacturer’s recommended concentra-
tions. All anti-CD fluorescent-conjugated monoclonal
antibody reagents, anti-human cytokines; i.e. IL-4, IL-
10, IL-12, and IFNy; and mouse IgG isotype-FITC and
isotype-PE conjugated controls were from BD Bio-
sources. The BDCA reagents were from Miltenyl Bio-
tech. Similar strategies were used for gating of cells to
measure intracellular staining for cytokine production.

Intracellular staining for cytokine production

Cells were cultured with anti-CD3 and anti-CD28 for
24 h before staining for intracellular expression of
cytokines. An aliquot of mononuclear cells from each of
the five draw dates was thawed, washed in RPMI 1640
and cultured at 2x10°/ml with RPMI 1640 containing
5% FBS and gentamicin in 2 ml wells of a 24-well plate.
Two wells served as ‘nonstimulated’ controls while two
wells received 2 pg/ml anti-CD3 and 5 pg/ml anti-CD28.
Six hours before the cells were harvested, 0.75 ul
monensin (GolgiStop, PharMingen) was added/ml to
enhance accumulation of cytokines within cells. Har-
vested cells were processed according to the manufac-
turer’s protocol for intracellular staining of
mononuclear cells (Cytofix/Cytoperm, PharMingen).
PE-conjugated antibodies directed against interferon vy
(IFNy) were used to enumerate Thl cells, IL-4 to enu-
merate Th2 cells, and IL-12 to enumerate activated
monocytes. Intracellular cytokine staining was com-
bined with FITC-conjugated anti-CD3 staining to define
T-cell responses. Background staining was determined
with PE-conjugated 1gG1 and subtracted from the anti-
cytokine stained cells.

Antigen presentation

To investigate the effect of gemcitabine therapy on T-cell
responses to antigen presentation, elispot assays were
performed after stimulation with dendritic cells loaded
with pancreatic tumor cell antigens. Dendritic cells were
generated from adherent cells isolated in six well plates
from 4x10° fresh mononuclear cells in cultures with
DMEM/F12 medium plus 20% FBS, 2 mM glutamine,
and gentamicin plus 1,000 units/ml GM-CSF (Immun-
ex/Berlex Laboratories) and 500 units/ml IL-4 (R & D
Systems). Nonadherent cells from each preparation of
dendritic cells were stored for use in cultures following
antigen loading of the matured dendritic cells. Six to
eight days later, dendritic cells were harvested, washed in
serum-free AIM-V (Life Technologies/Invitrogen), and
replated with 3 pg/ml RNA isolated from Capan2 or
mPanc96 pancreatic tumor cell lines following a modi-
fication of published procedures [7-9]. Twenty four
hours later, the dendritic cells were harvested, washed
and replated with thawed and washed nonadherent cells
in AIM-V supplemented with 100 units/ml IL-2 (Imm-



unex) and 100 units/ml IL-7 (R & D Systems). Lym-
phocytes were stimulated twice before being challenged,
in triplicate, in 96-well ImmunoSpot plates containing
monoclonal antibodies to IFNy. Since the generation
and antigen loading of dendritic cells required 7-9 days
in culture, nonadherent cells from the first (day 0) and
third draws (day 7) were plated first with dendritic
cells generated from the first draw, restimulated with
dendritic cells generated from the third draw, and
challenged in the elispot assay with dendritic cells gen-
erated from the fourth draw. Likewise, nonadherent
cells from the fourth and fifth draws were stimulated
first with ‘antigen’ loaded dendritic cells generated from
the fourth draw (day 14), restimulated with dendritic
cells generated from the fifth draw (day 21), and chal-
lenged with dendritic cells generated from a sixth draw
(day 28).

Elispot assays

Elispot assays were performed to enumerate cells stim-
ulated to produce IFNy following published protocols
[10]. Anti-IFNy antibodies for the elispot assays were
obtained from Endogen as specified (Pierce). Twice-
stimulated lymphocytes were challenged in triplicate
with fresh antigen (RNA) loaded dendritic cells in an
approximate ratio of 15-20 lymphocytes/dendritic cell.
One set of triplicate cultures of twice-stimulated lym-
phocytes was not challenged in the elispot plates and
served as background controls. Concanavalin A (1 pg/
ml) was added to another set of triplicate cultures and
served as positive controls for the assay. Plates were read
using an ImmunoSpot plate reader (ImmunoSpot), and
the data standardized as spots (cells producing IFNy)/
10° cells.

Fig. 1 Absolute lymphocyte numbers decline initially in most
subjects, then tend to stabilize during the course of therapy. a
Absolute numbers of lymphocytes in each subject. b Absolute
numbers of CD3 ™" lymphocytes in each subject during therapy. ¢
Absolute numbers of CD20" lymphocytes in each subject during
therapy. Please note that day 0 numbers were derived from
lymphocyte differentials performed days 4-10 before initial
therapy, while CD3 and CD20 percentages were obtained by flow
cytometry analyses of the day 0 blood draws

Absolute Lymphocyte Counts

—a—#1
—— ii2
A—#3
—y—§id
. #5
“|—a—#6
—#7
—u—48
—— a8

CD3 LYMPHOCYTES

6004
—— {10 400} '/‘\'\
- J T

917

Statistical methods

SPSS for Windows (Version 11) was used for data
management and statistical analyses. Because histograms
of the data showed statistically nonnormal distributions
at many of the time points, nonparametric statistical
methods were used to analyze the data. The Friedman
test was done to compare all of the time points. If the
Friedman test was statistically significant, then pairwise
Friedman tests were used to compare the time points,
two at a time, to determine which time points were dif-
ferent. A 0.05 significance level was used for all statistical
tests. No one-sided statistical tests were done.

Results
Cell surface markers

The effects of gemcitabine therapy on subsets of
peripheral blood mononuclear cells were investigated by
the expression of the following cell surface markers. For
T-cells: CD3; for T-cell subsets: CD4 and CDS; for
regulatory T-cells: CD4 plus CD25; for B-cells: CD20;
for dendritic cells of the myeloid lineage: BDCA-1 (anti-
CDIc), and BDCA-3; for activated cells: CD69; for
memory versus naive cells: CD45RO and CD45RA,;
and for activated antigen presenting cells: CD80 and
CDS86.

T-cells

Clinical white blood cell counts (wbc) including differ-
ential analyses of neutrophils and lymphocytes indicated
a decline in the absolute numbers of cells in most sub-
jects after the initial infusion of gemcitabine. These
numbers stabilized thereafter in most subjects and re-
mained within the normal range (Table 1), (Fig.1a). By
day 28, after the fourth treatment, the differences in
average absolute numbers of lymphocytes were not
statistically significant from those prior to treatment
(p=0.16). CD3 expression defines the T-cell population.
In some cases, the absolute number of T-cells decreased
initially as a reflection of a decrease in the numbers of
circulating lymphocytes (Fig. 1b). In other subjects,
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Fig. 2 Initial therapy with
gemcitabine increased the
proportion of CD4" T-cells
significantly without significant
changes overall in T-cells, or
CD4/CD8 ratios. a Percentages
of CD3 " T-cells of each subject
studied during the course of
therapy. b CD4 " T-cells, day 7,
*p=0.011. ¢ CD8 " T-cells. d
CD4/CD8 ratios. e Mean=+2
standard errors of CD3 " T-
cells. f Mean + 2 standard errors
of CD4 " T-cells. g Mean + 2
standard errors of CD8 " T-
cells. h Mean £ 2 standard
errors of CD4/CDS8 ratios
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absolute numbers of T-cells were unchanged initially but
then declined by the third treatment. In 9/10 subjects
tested, percentages of T-cells in the gated lymphocyte
population were within the average range set for healthy
adults [11] (Fig.2a). No consistent changes in T-cell
proportions in relationship to other lymphocyte subsets
were noted following gemcitabine therapy. Subject no. 9
whose initial T-cell percentages were below normal
exhibited increased T-cells following the first treatment
with gemcitabine which then fell precipitously with
subsequent treatment. The changes in this subject’s T-
cells were reflected in similar changes in CD4 levels
(Fig. 2b), and inverse changes in CDS8 levels (Fig. 2¢)
which resulted in substantial decreases in the CD4/CDS§
ratios (Fig. 2d). Statistical analyses of the data from the
ten subjects revealed no significant changes in percent-
ages of CD3 lymphocytes (Fig. 2e), or the CD8 sub-
set (Fig. 2g), but revealed a significant increase in

Fig. 3 Gemcitabine had a
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CD4+ T-cell percentages at day 7 after the initial dose
of gemcitabine, p=0.011 (Fig. 2f). This mean increase
dropped after the second dose of gemcitabine but did
not differ significantly from the initial CD4 percentages
observed at days 0, 3, or again at day 21 in the ten
patients. Overall, CD4/CDS ratios did not significantly
change during therapy (Fig. 2h).

B-cells

CD20 expression defines lymphocytes of the B-cell
lincage. Absolute numbers of B-cells decreased in the
majority of subjects after the initial infusion of gemcit-
abine, then stabilized in most with one dramatic excep-
tion (Fig. Ic). The B-cell subsets detected in the
lymphocyte gate with anti-CD20 were within the normal
proportional range set for healthy adults in 9/10 sub-
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Sex Diagnosis® Age® CA19.9 CAl153 Lymphocyte
differential/m®
Patient #1 3 Mets 50 Yes — 3,700
Patient #2 3 Adjuvant 69 No + 4,800
Patient #3 3 Adjuvant 80 Yes — 2,900
Patient #4 Q Mets 75 Yes — 6,200
Patient #5 3 Mets 75 Yes + 3,400
Patient #6 3 Adjuvant 62 No — 5,600
Patient #7 Q Adjuvant 68 No — 5,000
Patient #8 Q Mets 66 No Yes 7,300
Patient #9 Q Mets 71 Yes — 8,300
Patient #10 Q Mets 71 Yes Yes 6,300

% Adjuvant means 4-5 weeks following excision surgery to remove
tumor. No further disease detectable. Mets means the subject was
diagnosed with and has metastatic disease

> Age: 3 (5) Range=50-80. Median: 50, 62, 69, 75, 80=69. ¢ (5)
range = 6675, median: 66, 68, 71, 71, 75="71

jects. Subject no. 9, who had shown below normal
proportions of T-cells, had proportionally higher B-cell
levels that declined following gemcitabine therapy
(Fig. 3a). In seven out of ten subjects, the proportion of
B-cells decreased during gemcitabine treatment with an
average decline of 32% between pretreatment (day 0)
and day 21 (Fig. 3b). The mean decline in B-cell per-
centages amongst the ten subjects following the treat-
ment with gemcitabine; however, did not reach
statistical significance, p=0.19.

Dendritic cell precursors

BDCA-1 or CDI1b, expression defines a majority sub-
set of myeloid lineage, dendritic cell precursors.
BDCA-1" cell levels detected in the monocyte gate
demonstrated a dramatic decline after the initial
gemcitabine infusion, which recovered in most subjects
by 7 days and then continued to increase with further
treatments (Fig. 3c). The decrease in percentages of
BDCA-1 at day 3 was significantly different from
levels at day 0, p=0.002, at day 7, p=0.011, and at
days 14 and 21, p=0.002 (Fig. 3d). The mean levels at
days 0, 7, 14, and 21, however, did not significantly
differ. BDCA-3 defines a minor subpopulation of

¢ Mean lymphocyte differential count/ul prior to (days —4 to —10)
and during therapy (days 7, 14, 21 and 28) were performed by Rush
Medical Laboratories per usual protocol

myeloid dendritic cells that have been designated
MDC2. BDCA-3" dendritic cells, also detected in the
monocyte gate, demonstrated a significant, reciprocal
rise at 3-4 days following the initial gemcitabine
treatment, p=0.011, which then declined at days 7, 14,
and 21 to levels that were not significantly different
from day 0 (Fig. 3e, f).

Functional immune cell subsets

The specific functional and regulatory subsets studied
were ones that would likely play a role in immune re-
sponses to tumors if immunotherapy were combined
with gemcitabine.

Antigen presenting cells

CD86 and CD80 serve as costimulatory molecules on
antigen presenting cells. Before gemcitabine treatment
CDS80 expression appeared normal with less than 0.2%
of cells in the monocyte gate expressing CD80. This level
consistently increased in 3-4 days following the first
treatment, often by several-fold, then decreased to near
normal levels, and either remained at this level in five out
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Fig. 5 Therapy of pancreas
cancer patients with
gemcitabine had a significant
effect on circulating activated,
memory lymphocytes. a
Expression of CD69 was highly
variable in most subjects. b The
mean £+ 2 SE of the CD69
expression in the ten subjects
revealed a significant increase in
CD69™" cells by day 21, 7 days
after the third infusion of
gemcitabine; *p=0.027. ¢ Total
levels of CD45RO " cells
revealed an initial increase after
the first infusion of gemcitabine
that declined to a level lower
than baseline (day 0) in most
subjects. d The mean+2 SE of
CD45RO expression in the ten
subjects revealed a significant
decrease in CD45RO ™ cells at
days 14 and 21, 7 days after the
second and third infusions of
gemcitabine, respectively;
*p=0.011. e Percentages of
CD3", CD45RO* T-cells of
each of ten subjects studied
during the course of therapy.

f Significant changes in the
mean=+2 SE in CD3+ cells
expressing CD45RO of the ten
subjects were detected during
therapy, with an increase on
day 7 after the first infusion;
*p=0.033; that subsequently
decreased on days 14 and 21
with continued therapy; *day
14, p=0.011; * day 21,
p=0.011, g Changes in
CD45RA™ cells, or hin CD4 ™,
CD25" T-cells did not reach
significance

of eight subjects tested, or became elevated to variable
extents in the remaining three subjects after the second
treatment (Fig. 4a). CD86 expression was also in normal
ranges with 68-97% of monocytes of untreated subjects
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demonstrating positive expression (Fig. 4b). The per-
centage of CD86" cells for each of the eight subjects
tested remained stable throughout the therapy without
significant changes.
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Activated/memory cells

The percentages of CD69 lymphocytes demonstrated
varied effects during therapy with gemcitabine at dif-
ferent time points in the different subjects (Fig. 5a).
Statistical analyses revealed that a mean increase in the
percentage of CD69 " cells at day 21 was significantly
different from all earlier draw days, p=0.027, particu-
larly days 7, p=0.011, and 14, p=0.011, (Fig. 5b) sug-
gesting increased cellular activation.

The CD45RO lymphocyte data revealed an increase
in proportions of memory cells at day 7, p=0.033, with a
gradual decline which reached significance thereafter at
days 14 and 21, p=0.011 (Fig. 5c, d). The possibility
that specific subsets of CD45RO cells might be signifi-
cantly affected by gemcitabine therapy was considered.
CD3,CD45RO, CD4,CD45RO, CDS,CD45RO and
CD20,CD45RO double-positive subsets were evaluated.
Significant changes were found only in the
CD3,CD45RO subset with increased percentages at day
7, p=0.033, that declined after the second infusion
suggesting that gemcitabine reduces memory T-cells,
p=0.011 (Fig. 5e, f). No statistically significant changes
were noted in the percentages of the double positive
CD45R0 subsets, CD4, CDS8 or CD20, during gemcit-
abine therapy (data not presented). Similarly, no sig-
nificant changes in the percentages of naive CD45RA
subset of cells were noted (Fig. 5g), p=0.27.

Regulatory T-cells

The effect of gemcitabine treatment on the CD4,CD25
double-positive T-cell subset was examined as recent

studies have demonstrated their regulatory activity [12—
15]. The percentage of CD4% CD25" T-cells in un-
treated pancreas cancer patients ranged from <2 to 8.
In some subjects, CD4" CD25" T-cells increased by a
third to double during the course of treatment. In others,
the percentages of CD4 " CD25™ T-cell changed little or
declined somewhat (Fig. Sh). Overall, there were no
statistically significant changes, p=0.36.

Cytokine production following activation of T-cells

The effects of gemcitabine on existing immune cell
functions and on the ability of immune cells to be acti-
vated were investigated. Cytokine expression was mea-
sured by intracellular staining studies with and without
T-cell activation. Anti-CD?3 plus anti-CD28 were used to
trigger pathways that normally mediate T-cell receptor
responses to antigenic stimulation. The numbers of
activated cells were enumerated before and during
gemcitabine therapy. The numbers of T-cells producing
IFNy were elevated at 3—4 or 7 days after the initial
infusion of gemcitabine in the majority of subjects
studied (Fig. 6a). The numbers of T-cells producing
IFNy fluctuated over the 3-week course of treatment,
but the levels remained slightly elevated in most subjects
at 21 days. The mean changes of IFNy-producing T-
cells in the ten subjects, however, were not statistically
significant, p=0.19, (Fig. 6b). Without activation, fewer
than 1% of T-cells expressed any of the cytokines tested
either before or during treatment (data not shown).
Although changes in numbers of activated T-cells pro-
ducing 1L-10 and IL-4 were observed, the only consis-
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Fig. 7 Dendritic cells generated from subjects with pancreas cancer
undergoing gemcitabine therapy were capable of activating
autologous nonadherent lymphocytes to secrete IFNy. a IFNy
production by lymphocytes that had been activated with dendritic
cells loaded with RNA from the Capan2 pancreatic cancer cell line.
b IFNy production by lymphocytes that had been activated with
dendritic cells loaded with RNA from the mPanc96 pancreatic
cancer cell line

tent findings amongst the subjects with detectable
numbers of cells producing IL-10 were depressed levels
observed at 3—4 days after the initial injection of gem-
citabine (Fig. 6¢). These depressed numbers of IL-10
producing cells often rebounded over the next 10 days
and generally recovered to approximate pretreatment
levels despite continued treatment with gemcitabine.

Cytokine production following tumor cell-derived
antigen presentation

RNA from tumor cells has been demonstrated to pro-
vide dendritic cells with sufficient information to enable
them to present antigen to activate immune responses [7,
8, 16-19]. Autologous dendritic cells were loaded with
RNA from either of two pancreatic tumor cell lines,
mpanc96 or Capan2. The numbers of cells producing
IFNy after stimulation were enumerated in elispot as-
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says. Activation of cells producing IFNy was evident in
the majority of patients demonstrating that their cells
were successfully primed with RNA-pulsed autologous
dendritic cells (Fig. 7a, b). During treatment, different
patterns of responses to antigen priming were observed.
In some subjects, cells producing IFNy were enhanced
after the first (7 days) or second (14 days) infusion of
gemcitabine, and in others enhanced responses were se-
verely reduced after the second treatment.

Discussion

Most chemotherapeutic agents are not specific to tumor
cells but affect the growth of proliferating cells whether
they are normal or neoplastic. Lymphocytes are affected
by these treatments as lymphocytes are activated into a
proliferative state when they respond to antigenic stim-
uli. Pancreatic tumor cells express antigens that can
activate lymphocytes. Further, pancreas cancer patients
have immune cells capable of responding to tumor
antigens (reviewed in [1]). Vaccine therapies thus have
been developed in an effort to activate immune re-
sponses in these patients to their tumor antigens. Since
many chemotherapeutic drugs suppress immune activa-
tion, a combination therapy of these drugs and vaccine
would not be productive. In pancreas cancer, gemcita-
bine is one drug that has an effect on disease progres-
sion; however, there is little information on the effect of
gemcitabine on immune cell functions in human sub-
jects. Animal studies suggest that gemcitabine can boost
immune responses to tumors [6]. The current study thus
was to determine whether gemcitabine affected immune
cell subsets and their functions in pancreas cancer pa-
tients. One question posed was whether gemcitabine
therapy could benefit or potentially enhance responses
to tumor vaccines or induce immune suppression. In
these studies therefore, the initial effects of gemcitabine
therapy on immune cells of pancreas cancer patients
receiving standard doses of this chemotherapeutic drug
were studied. An impact of gemcitabine therapy on
absolute numbers of white blood cells was noted after
the first dose, then cell numbers stabilized during sub-
sequent treatments in most subjects. Specific effects on
lymphocyte subsets were observed at day 7 after initial
therapy with a significant increase in percentages of
CD47™, helper T-cells and CD3", CD45RO™" double-
positive, memory T-cell subset, which then declined after
the second treatment. CD45RO marks a late stage of
activation and memory cells, while CD69 is an early
activation marker [20]. CD69 data revealed a dramatic
but variable effect of gemcitabine therapy on this mar-
ker. Changes in CD69 may be a reflection of the manner
in which its expression is regulated as CD69 expression
is not sustained for long periods like many other CD
markers. Instead it is upregulated quickly after activa-
tion, peaks at 24 h then is downregulated [21, 22].
Alternatively, changes in percentages of cell expressing
CD69 may reflect activation of immune cells during
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therapy. Despite the variations noted between the ten
subjects, a significant increase in cells expressing the
CD69 " marker was detected at day 21. These data
suggest that immune cell activation may have increased
during this initial course of treatment with three infu-
sions of gemcitabine. On the other hand, the overall
population of CD45RO " memory cells declined suffi-
ciently after the second and third treatments to reach
significance. These data suggest that memory cell func-
tions decline while naive, activated immune cells may
increase during gemcitabine therapy.

Our data differ from studies in mice, where B-cell
numbers were reduced [23]. A tendency toward a de-
crease in B-cells was observed, however, these reductions
in B cells did not reach a level of significance. It should
be noted that the regimens of treatments were quite
different in mice which were treated every third day ra-
ther than once a week. The mouse studies revealed an
augmentation of immune T-cell functions that resulted
in antitumor activity [5]. Our studies also revealed aug-
mentation of T-cell activity in pancreas of cancer pa-
tients treated with gemcitabine.

T-cell activity is regulated in part through the CD28
family of proteins. In healthy individuals, the costimu-
latory ligand, CD86, is constitutively expressed and
upregulated upon activation, whereas CD80 is only ex-
pressed upon activation. The level of expression of
CD80 and CDS86 in pancreas of cancer patients was
within normal ranges and was not significantly altered
during gemcitabine therapy. These costimulator markers
bind to the CD28 family of ligands to regulate T-cell
activity. Anti-CD28 was used as a surrogate to trigger
this costimulator receptor in cells activated with anti-
CD3¢, the TCR-associated signal transducing co-recep-
tor molecule. Intracellular production of cytokine pro-
duction demonstrated an increase in the numbers of T-
cells producing interferon y in most subjects, which on
average remained somewhat elevated. Although the
mean data did not reach statistically significant levels,
gemcitabine in most subjects did not depress the ability
of T-cells to produce IFNy. On the other hand, IL-10
production was decreased during gemcitabine therapy in
the majority of subjects who displayed IL-10 producing
cells. These data demonstrate that therapy with gem-
citabine does not inhibit Thl-cell activation and the
ability to produce Thl cytokines, but may inhibit Th2-
cell activation and their ability to produce Th2 cyto-
kines.

Dendritic cell functions were evident in elispot assays
where dendritic cells presented stimuli to autologous
nonadherent cells. We had previously determined that
multiple stimulations with dendritic cells pulsed with
pancreatic tumor cell line derived RNA were required to
generate detectable numbers of cells producing IFNy.
Dendritic cells loaded with RNA from these pancreatic
tumor cell lines stimulated autologous lymphocytes from
subjects with pancreas cancer to produce IFNy, whereas
unstimulated lymphocytes or lymphocytes stimulated
with dendritic cells cultured without RNA did not (Plate

and Harris, unpublished data). The activated cells re-
quired a challenge from RNA-"antigen’ pulsed dendritic
cells to trigger release of IFN7y in the elispot plates [24].
In the current studies, the numbers of dendritic cells
generated did not appear to decline with sample draws
taken during therapy with gemcitabine (data not in-
cluded). The data revealed that dendritic cells from pa-
tients treated with gemcitabine were functional, and that
immune activity could be generated to antigens provided
from pancreatic tumor cell lines.

This report demonstrates that the regimen of che-
motherapy treatment with gemcitabine of 1,000 mg/m?
for 30 min every 7 days for 3 weeks decreased memory
T cells but did not deplete immune cells or immune cell
functions in pancreas cancer patients. In fact naive im-
mune cell activation may be enhanced, particularly as
demonstrated in vitro by intracellular staining of IFNy
production and in vivo by an overall increase in the
proportion of activated cells expressing CD69. The im-
mune responses were not affiliated with a particular
health-related phenotype in the ten pancreas cancer
patients, and no correlations could be drawn based on
the treatment outcomes. We conclude that the effects of
the first cycle (3 weeks) of gemcitabine therapy on the
immune systems of pancreas cancer patients were more
positive than negative. This mode of chemotherapy (1)
was not immunodepleting and (2) may enable patient
responses to be enhanced by specific vaccines or immu-
notherapy initiated to activate or support immune re-
sponses directed toward driving effector responses to
their cancer cells.
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