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BACKGROUND AND OBJECTIVE: Vaccination during periods of lymphopenia may facilitate immune respons-
es to weak self-antigens and enhance antitumor immunity. The objective of this study was to determine the ef-
fectiveness of tumor vaccine immunotherapy combined with immune reconstruction using tumor-bearing host
immune cells in lymphopenia, and to investigate the role of tumor-bearing host T cells activated in vitro during
immunotherapy.

DESIGN AND SETTING: Animal study conducted in the First Affiliated Hospital of Xi’an Jiaotong University
from January 2009 to January 2010.

PATIENTS AND METHODS: Lymphopenia was induced by cyclophosphamide. A reconstituted immune sys-
tem with different syngeneic lymphocytes was employed, including lymphocytes from naive rats (unsensitized
group), tumor-bearing rats (tumor-bearing group), and tumor-bearing rats activated in vitro (activated group).
All rats were immunized with granulocyte-macrophage colony-stimulating factor (GM-CSF)-modified NuTu-19
ovarian cancer (GM-CSF/NuTu-19) cells. Tumor vaccine-draining lymph nodes (TVDLNs) were harvested, and
then stimulated to induce effector T cells (T)). T, were then adoptively transferred to rats bearing a 3-day pre-
established abdominal tumor (NuTu-19), and the survival rate was calculated.

RESULTS: Compared with the unsensitized group, the levels of interleukin-2 (IL-2) were significantly lower in the
tumor-bearing group, whereas that of I1L-4 were significantly higher (P<.05). The number of CD4+T cells secret-
ing interferon-y and the specific cytotoxicity of CD8+ cytotoxic T lymphocytes were significantly lower (P<.05).
The survival was significantly higher in the activated group compared with the other groups.

CONCLUSIONS: Lymphocytes from tumor-bearing rats activated in vitro can effectively reverse the immunosup-
pressive effects of tumor-bearing hosts.

major impediment to the development of ef-

fective cancer immunotherapy is the lack of

strong tumor rejection antigens. Most of the
tumor-associated antigens that have been identified
are weak self-antigens.! Recently, it has been sug-
gested that vaccination during periods of lympho-
penia may facilitate immune responses to weak self-
antigens and enhance antitumor immunity.>® These
observations provide a strong impetus to exploit the
critical period of immune reconstitution in lympho-
penic mice for active tumor vaccination. Immune
reconstitution in clinical application has involved
mainly autogenous peripheral blood mononuclear
cells (PBMNC:s) transfusion. However, the immune

status of a tumor-bearing host could be inhibited by
TGF-B, IL-10, VEGE and other cytokines as well
as the Fas/FasL system secreted by autogenous im-
mune system.* Therefore, the immune reconstituted
effect with lymphocytes of tumor-bearing hosts still
requires further investigation.

We reconstituted the immune systems of tumot-
bearing rats with lymphocytes to simulate the recon-
stitution of the immune systems of clinical tumor
patients with PBMNC transfusion. At the same
time, the rat hosts were given tumor vaccine immuno-
therapy. We studied the effectiveness of this therapy
and unraveled the mechanism of immune suppression
under a tumor-bearing state, and explored the feasi-

Ann Saudi Med 2012 March-April  www.annsaudimed.net



TUMOR VACCINE IMMUNOTHERAPY

bility of tumor-bearing rat lymphocytes activated in
vitro in a reconstituted immune system for reversing

T-cell inhibition.

PATIENTS AND METHODS

Reagents

Anti-CD3 and fluorescein isothiocyanate (FITC)-anti-
CD4 were from USA eBioscience (San Diego, CA,
USA). Recombinant interleukin 2 (rIL-2) was from
Shenyang Sansheng Pharmaceutical Limited Company
(Shenyang, China). Rat IL-2 ELISA Kit and rat IL-4
ELISA Kit were from Shanghai Xitang Biological
Technology Limited Company (Shenyang, China). BD
Cytofix/Cytoperm Plus fixed rupture of membrane kit
and PE-anti-interferon-y monoclonal antibody (PE-
anti-IFN-y mAbs) were from BD Company (Franklin
Lakes, USA). Carboxyfluorescein diacetate succinimi-
dyl ester (CFSE) was obtained from Sigma-Aldrich,
St. Louis, NO, USA. 7-Amino-actinomycin (7-AAD)
cells Detect Liquid was purchased from Beijing Jing Mei
Limited Company (Beijing, China).

Animals and cells

Female F344 rats between the ages of 8-10 weeks from
the Slac Laboratory Animal Ltd. (Shanghai, China)
were used for experiments. Standard principles of labo-
ratory animal care and handling were followed (Guide
for the Care and Use of Laboratory Animals, National
Research Council, 1996). NuTu-19 is a cell line de-
rived from a poorly differentiated adenocarcinoma
formed in a F344 female athymic rat (a gift from Dr.
He Wang, Huaxi Medical University, Sichuan, China).
Granulocyte-macrophage colony-stimulating factor-
modified NuTu-19 ovarian cancer (GM-CSF/NuTu-
19) cell lines were produced by transducing NuTu-19
with recombinant retrovirus vector PLGM-CSFSN as
described previously.” Cells were maintained in Roswell
Park Memorial Institute (RPMI) 1640 medium supple-
mented with 10% fetal bovine serum, 0.017% penicillin
G, and 0.01% gentamycin in a humidified incubator at

37°C and 5% CO,.

Animal studies

‘The animals were divided into three groups with 10 rats
in each group. Group 1 was defined as the unsensitized
group: Chemotherapy—immune reconstitution with
lymphocytes from naive syngeneic rats-carcinovaccine
immunity. Group 2 was defined as the tumor-bearing
group: Chemotherapy-immune reconstitution with
tumor-bearing host lymphocytes—carcinovaccine im-
munity. Group 3 was defined as the activated group:
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Chemotherapy-immune reconstitution with tumor-
bearing host lymphocytes activated in vitro—carcinovac-
cine immunity.

Preparation of tumor-bearing host lymphocytes
NuTu-19 cells (1x107 cells/rat) were injected into the
abdominal cavity of the rats. The spleen cells were har-
vested 7 days after injection. The tumor-bearing host
lymphocytes in suspension were then used to reconsti-
tute immune systems in group 2 or were activated with
anti-CD3 (5 pg/mL) for 2 days and rIL-2 (60 IU/mL)
for 3 additional days to be used in group 3.

Reconstitution of immune system and carcinovaccine
immunity

Cyclophosphamide (20 mg/kg) was injected into the
abdominal cavity of F344 rats once per day for 2 days
to induce acute lymphocytopenia; 48 hours after the
second injection, the naive splenocytes (2x 10° cells/rat)
from syngeneic rats were injected into vena caudalis of
rats from group 1 for the reconstituted immune system.
The lymphocytes from tumor-bearing rats were injected
into rats in group 2. The activated lymphocytes in vitro
were used in group 3. The live GM-CSF/NuTu-19 car-
cinovaccine was injected 24 hours after immune recon-
stitution by subcutaneous inoculation in 4 spots on both
sides of the auxiliary fossa and inguina (3x10° cells/
spot). Nine to 10 days after carcinovaccine immuniza-
tion, tumor vaccine—draining lymph nodes (TVDLNS)
from the rats were harvested. TVDLN cells were cul-
tured in 24-well plates and activated by anti-CD3 (5
pg/mL, eBioscience) for 2 days. The active cells were
harvested in the culture flask and treated with rIL-2 (60
IU/mL) to induce proliferation for 3 days to obtain ef-
fector T cells (T ).

Quantitative detection of the IL-2 and IL-4

T, cells were distributed into the 96-well plates at a con-
centration of 1x10° cells/well. Anti-CD3 mAbs (1 pg/
well, eBioscience) and rIL-2 (60 IU/mL) were added
and cultured for 3 days at 37°C in a 5% CO, incubator.
NuTu-19 cells (1.5%10°) were then added into each well
with specific stimulation after being cultured under the
same conditions for 3 days. The supernatant of each well
was harvested and tested by an enzyme-linked immuno-
sorbent assay (ELISA) kit (Westang Biotech, Shanghai,
China) for additional 3 days.

Cytokines staining of interferon-y

The prepared T cells were evenly distributed onto
24-well plates (4x10° cells/well). NuTu-19 cells
(2x10° cells/well) were added into each well for spe-
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cific stimulation. Brefeldin A (BFA) (1 pL/mL, BD
Biosciences, San Diego, CA, USA) was added into
each well to prevent the cytokine secretion at the same
time. The cells were collected after being cultured for
10 hours. The cells were stained with FITC-anti-CD4
mAbs (eBioscience), fixed and permeabilized with BD
Cytofix/Cytoperm Plus Fixation/Permeabilization
Kit (BD Biosciences). Then the cells were stained with
PE-anti-IFN-y mAb (BD PharMingen, San Diego,
CA, USA), and the FACS assay was performed with-
in 0.5 hours.

Cytotoxicity test

For measuring the cell-mediated cytotoxicity, NuTu-
19 target cells (1x10° cells/mL) were prelabeled with
CESE (Sigma) at a final concentration of 2.5 pmol/
mL. After centrifugation, the labeled target cells were
collected and cultured in a 5% CO, incubator at 37°C.
T, cells in a nonspecific stimulation group were ob-
tained after being activated by anti-CD3 (1 pg/well)
and rIL-2 (60 IU/mL) for 3 days. T cells in a spe-
cific stimulation group were obtained after being ac-
tivated by NuTu-19 cells (1.5x10° cells/well) for 3
days. Then the effector cells were added at the ratio
of 25:1 (effector:target cells). Five hours later, the co-
cultured cell mixture was harvested and stained with
7-AAD. The cytotoxicity response of immune target
cells to effector cells was quantified by fluorescence-
activated cell sorting (FACS). According to the assay,
the CESE+7-AAD+ cells were dead target cells, while
CESE+7-AAD cells represented live target cells. The
cytotoxicity was expressed as the death rate of the tar-
get cells and calculated using the following calculation:
Specific cytotoxic rate = [Dead target cells in experi-
ment groups (%) — natural dead target cells (%)]/[100
— natural dead target cells (%)] x 100.

Adoptive immunotherapy

TE cells were centrifuged, resuspended with phos-
phate-buffered saline, and injected through the tail
vein into the F344 rats carrying tumor cells in their
abdominal cavity for 3 days. rIL-2 (125000 IU/rat)
was injected into the abdominal cavity on that day and
the following 3 days. The rats were monitored 7 to 18
weeks for body weight, abdominal circumference, as-
cites, and survival. The control rats were injected only
with rIL-2.

Statistical analysis
The statistical analysis was performed by SPSS soft-
ware (release 13.0, IBM Corp., Armonk, NY USA)

All data were expressed as mean (standard deviation).

TUMOR VACCINE IMMUNOTHERAPY

The results of ELISA, Intracellular cytokine staining,
cytotoxicity test, and adoptive immunotherapy were
analyzed by the least significant difference t tests. The
survival curves were analyzed by the Kaplan-Meier
method. P<.05 was considered significant.

RESULTS

IL-2 and IL-4 measurements in the supernatant of the
culture medium by ELISA

After T cells in the tumor-bearing group were exposed
to the nonspecific (anti-CD3, rIL-2) and the specific
stimuli (NuTu-19), the secreted IL-2 was found to be
33.2 (8.3) and 40.6 (0.9) pg/mL, respectively (Table
1). IL-2 values were 57.0 (2.4) and 65.7 (4.0) pg/mL
in the unsensitized group 1, significantly higher than
that in the tumor-bearing group 2 (both P<.001).IL-2
levels were 44.7 (2.4) and 60.4 (6.7) pg/mL in the acti-
vated group 3, significantly higher than that in tumor-
bearing group (P=.002, P<.001, respectively).

After T cells in the tumor-bearing group were
exposed to the nonspecific and the specific stimuli
(NuTu-19), the mean (SD) secreted IL-4 levels were
192.3 (24.1) and 313.7 (36.8 pg/mL, respectively. No
significant difference was observed compared with
those in the unsensitized group (P=.336,.061) or with
those in the activated group under nonspecific stimu-
lation (P=.089), but a significant difference (P<.001)
was observed compared with those in the activated
group under specific stimulation (Table 1).

Intracellular cytokine staining

The rate of CD4+ T cells secreting IFN-y in the tu-
mot-bearing group 5% (0.9%) was lower than that in
the unsensitized group 13.0% (2.1%) and activated
group 11.3% (1.1%) (both P<.001) (Figure 1).

TE cells were added into a 24-well plate, and mixed
with NuTu-19 cells. BFA was added into each well to
inhibit cytokine secretion. They were cocultured for 10
days. The cells were collected and stained by FITC-
anti-CD4 and PE-anti-IFN-y mAbs. The number in
the upper right region in each figure represents the
killing rate of target cells.

Cytotoxicity test

As shown in Figures 2a, the natural mortality of target
cells in 5 hours was less than 5%. The death rate of
target cells in the unsensitized group was significantly
higher than that in the tumor-bearing group and the
activated group (86.5% (1.1%) vs. 80.3% (0.69%) and
83.2 (0.7%), both P<.001) (Figures 2b). A pre-gating
graph is shown in Figure 3.
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Table 1. IL-2 and IL-4 in the culture medium.

Group Number of samples IL-2 (pg/mL) IL-4 (pg/mL)
Group 1 nonspecific stimulation 6 57.0 (2.4) 211.2 (21.8)°
Group 1 specific stimulation 6 65.7 (4.0)* 277.4 (48.9)°
Group 2 nonspecific stimulation 6 33.2(8.3) 192.3 (24.1)
Group 2 specific stimulation 6 40.6 (0.9) 313.7 (36.8)
Group 3 nonspecific stimulation 6 44.7 (2.4) 160.2 (15.7)°
Group 3 specific stimulation 6 60.4 (6.7)° 195.7 (14.2)2

IL: Interleukin. ?P<.05 compared with group 2; ®P>.05, compared with group 2. Values are mean (standard deviation).
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Figure 1. The rate of CD4+ T cells secreting IFN-y. From left to right: unsensitized group; tumor-bearing group; activated group.
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Figure 2a. The death rate of the target cells in control groups.

Antitumor activity of T, cells

In the tumor-bearing group, bloody ascites was ob-
served on the sixth week and became more severe dur-
ing the eighth week (80-110 mL) with pale skin ap-
parent in every rat. Death occurred because of extreme
exhaustion in the 10th week. The mean survival time
was approximately 73 (10) days. From the autopsy, we
found disseminated miliary-like nodules in the perito-
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neum and on the surface of nearly all the organs in the
abdominal cavity, and the nodules in the omenta had
integrated with the surrounding tissues to form large
areas of mass. In the unsensitized group, death oc-
curred on the 12th week, and the mean (SD) survival
time was 110 (16) days. Fifty percent of the rats were
still alive on the 14th week. In the activated group, the
mean (SD) survival time was 100 (19) days. However,
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Figure 2b. The death rate of the target cells.

still 33.3% rats were alive on the 14th week. The tu-
mor-specific protective immunity was decreased sig-
nificantly, and disease progressed in the tumor-bearing
group. Compared with other groups, the difference in
survival time was significant (P<.001, P=.006). The an-
titumor activity of T cells increased significantly in the
activated group (Figure 4). T, cells were injected into
the tail veins of F344 rats, which had peritoneal tumor
for 3 days. rIL-2 was injected via abdominal cavity. The
survival period of each group was observed in 7 to 18
weeks. Curves in the figure showed the survival rates
with the development of tumor-bearing time.

DISCUSSION

When lymphocytopenia is transfused with homolo-
gous unsensitized lymphocytes in mice, lymphocyto-
penia commonly induces T lymphocyte proliferation.'?
Exogenous immune reconstitution may induce an effec-
tive antitumor immune reaction when lymphocytopenia
is combined with immunotherapy. In a previous study,
we found that immune reconstitution can induce effec-
tive antitumor effects.?

In this study, we measured the capability of stimulat-
ed tumor-specific T, to secrete Th1 and Th2 cytokines
in both special and nonspecial conditions. We also mea-
sured the frequency and function of the special tumor
T, Data showed that the deflection of Th1 to Th2 hap-
pened in TVDLNS of the tumor-bearing group, result-
ing in reduced Thl-type cytokines (IL-2, IFN-y) and
increased Th2-type cytokines (IL-4), which suggested
the inhibition of cell-mediated immunity. In cytotoxicity
experiments, CD8+ killer T cells play major roles—as
cytotoxic T lymphocytes (CTL), which can directly kill
specific target cells. The purpose of this experiment was
to examine whether immune function was inhibited in
the tumor-bearing state by comparing the unsensitized
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Figure 4. The survival rates of tumor-bearing rats.
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group with the tumor-bearing group. The tumor-bear-
ing host lymphocytes were much less effective IN the
immune reconstitution of naive T cells.

Since adoptively transferred antigen-specific CTLs
are highly dependent on exogenous cytokines for their
continued growth and survival® systemic administra-
tion of IL-2 has been used to enhance their in vivo
expansion and persistence.* However, the prolonged
administration of IL-2 is often associated with serious
side effects, limiting the amount and duration of cyto-
kine administration.* Moreover, the effects of systemi-
cally administered cytokines are nonselective. IL-2 may
favor the expansion of unwanted cell subsets, such as
regulatory T cells,” that constitutively express the IL-2
receptor and adversely affect the function of antitumor
CTLs.*? In this study, we presumed that with the de-
crease of IL-2, unwanted regulatory T cells may de-
crease, which would improve the function of antitumor
CTLs.

Recently, numerous studies have shown that tumor-
bearing hosts inhibit the immune status from multiple
aspects.®” In the tumor-bearing state, TGF- and
CD8(+) CD28(~) T cells, which regulate T lympho-
cytes, can inhibit the T-cell proliferation and CTL.
The tumor-derived TGF-f plays an important role in
transforming CD4(+) CD25(-) T cells to CD4(+)
CD25(+) regulation T lymphocytes (T-reg cells).
T-reg cells with CD8(+) CD28(-) T cells can inhibit
the immune activity of tumor-infiltrating auxiliary
T cells (Th).***® B7-H1 can stimulate the resting T
cells to produce IL-10 and subsequently induce T cells
apoptosis, leading to immune suppression.'** Research
has also shown that tumor cells express surface PDLs,
which can damage the antitumor immune function in
the body and lead to immune escape of tumor cells.
PID-L1 on tumor cells directly inhibits CD8(+) T
cells, which have antitumor effects.?! Dendritic cells
(DCs) are closely associated with the antitumor T-cell
response. However, in the tumor-bearing state, high
VEGEF expression levels reduce the quantity and func-
tion of the DCs, and rebalance Th1/Th2, which reduc-

es immunosuppression.'®?
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We activated T cells in vitro to change the inhibi-
tory state. The T-cell activation requires that TCR/
CD3 identify the first signal provided by MHC—-pep-
tide complexes on the surface of antigen-presenting cells
(APCs), as well as the secondary signal provided by the
interaction of costimulatory molecules CD28/B7, LFA-
1/ICAM-1, and others. Anti-CD3 specifically binds to
CD-3 molecules on the T-cell surface, and activates T
cells proliferation by activating the TCR-CD3 complex
combined with MHC-II type molecule—antigenic pep-
tides on the APC surface. After in vitro activation by the
CD3 antibody, the T lymphocytes are transfused back to
the patients with an infection or a tumor caused by the
immune decline.” It was reported that T cells, sensitized
by tumor cells and given an appropriate activation stimu-
lus in vitro, not only can effectively restore the antitumor
function of T cells, but also enhance the proliferation ca-
pacity of T cells in local tumor tissues.” In addition, some
studies also indicated that T cells activated appropriately
can remarkably change the tumor environment (immune
inhibition, immune tolerance, apoptosis, for example).
This study compared the effect of immunotherapy of the
tumor-bearing group with that of the activated group.
The results showed that immune cells activated in vitro
can significantly reverse the immune system suppression
of the tumor-bearing state. These activated T cells used
for immune reconstitution can significantly increase the
effect of the combined immunotherapy.

We found that the therapeutic effect was significantly
lower in the condition of immune reconstitution with
unactivated lymphocytes of tumor-bearing hosts while
combined with the tumor vaccine. It is known that many
factors may cause microenvironment at changes in the
immune system in the tumor-bearing state, such as im-
munosuppression, immune tolerance, apoptosis, and
others. The in vitro tumor-bearing host T cells can re-
verse such changes after being activated appropriately in
vivo, and induce a tumor-specific immune response.
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