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Abstract The history of immunizing animals with fetal
tissues to generate an antitumor response dates back a
century ago. Subsequent reports supported the idea that
vaccination with embryonic materials could generate can-
cer-speciWc immunity and protect animals from transplan-
table and chemically induced tumors. In our study, we
found C57 BL/6 mice vaccinated with embryonic stem
cells (ESCs) received obvious antitumor immunity, which
protected them from the formation and development of
lung cancer. Furthermore, we investigated the antitumor
eVects of administration of ESCs in mice with minor and/or
heavy tumor load. The tumor growth was monitored, the
proliferation of lymphocytes and secretion of cytokines
were examined, and Wnally the tissue sections were
approached by immunohistochemical and apoptosis stain-
ing. The results suggested that mice injected with ESCs
received obvious tumor inhibition and retardation due to
signiWcant lymphocyte proliferation and cytokine secretion,
which help to rebuild the host’s immunity against cancer to
some extent and comprise the main part of antitumor
immunity. Moreover, mice with minor tumor load received
stronger antitumor eVect compared with mice with heavy
tumor load, may be due to relatively intact immune system.

Thus, besides their function as prophylactic vaccines,
administration of ESCs could be a potential treatment for
cancer, which obviously prevent and control the prolifera-
tion and development of malignant tumors.
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Introduction

In the previous few years, a new theory called Cancer Stem
Cells (CSCs) model was proposed to explain that a few
tumor cells would have the properties to initiate and propa-
gate tumors [1]. A series of studies have been accumulating
evidence supporting this model and people have identiWed
CSCs in breast [2], brain [3], pancreas [4], colon [5], pros-
tate [6], mesenchymal [7], and neck and head tumors [8]. It
was found that CSCs and normal stem cells including
embryonic stem cells (ESCs) have some properties in com-
mon, such as self-renewal, multilineage diVerentiation, het-
erogeneity, similar signal transduction pathways [9–12],
especially they share similar cell surface markers and anti-
gens not presented by adult tissues [13–15], so immune
response against ESCs would cross-react with cancer cells
especially CSCs [16]. All these properties make ESCs vac-
cine against cancer feasible and reasonable.

Almost 100 years have passed since the practice of
immunizing animals with embryonic materials to generate
speciWc antitumor immunity. It was found that this kind of
vaccination could eYciently prevent the formation and
development of transplantable tumors [17]. The antitumor
eVect was later investigated on a series of chemically
induced tumors such as cancer of the skin, liver, and gastro-
intestinal tract [18–20]. Moreover, recent research
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proposed a possibility of human pluripotent stem cells vac-
cination to generate a broad spectrum of antitumor immu-
nity in mice [16]. In our study, we carried out a similar
study and found that mice vaccinated with ESCs obtained a
strong and stable antitumor response to protect them from
cancer.

However, the use of fetal materials to induce tumor-spe-
ciWc immunity has always acted as prophylactic vaccines
and preventive measures. What would happen if they
already had a tumor load before the administration of
ESCs, or could ESCs induce antitumor eVects and control
the development and proliferation of tumor masses in
tumor-bearing mice? To answer such questions, mice
suVering from minor and/or heavy tumor load were injected
with ESCs, then the proliferation of lymphocytes, secretion
of cytokines, immunohistochemical changes and cell apop-
tosis in tumor sections were detected. As we expected, sig-
niWcant antitumor responses and enhanced tumor rejection
in these mice were found, and more importantly, the immu-
nosuppression caused by cancer was modiWed to a certain
extent without obvious evidence of autoimmune diseases.

Materials and methods

Mice

Wild type female C57 BL/6 mice, approximately 4–6 weeks
old on arrival, were obtained from the Institute of
Laboratory Animal Science, Chinese Academy of Medical
Science. Mice were housed in laminar air-Xow cabinets
under special pathogen-free conditions using standard
guidelines and used at 6–8 weeks of age. All animal experi-
ment protocols were approved by the Ethics Committee of
Shandong University (Animals certiWcaton NO. is SCXK
(Lu) 2003-0003).

Cell lines

The C57 BL/6 Mouse Embryonic Stem Cells were obtained
from Cyagen Bioscience Inc., cultured on plates pre-coated
with gelatin solution and �-ray irradiated C57 BL/6 Mouse
Embryonic Fibroblasts (Cyagen Bioscience Inc.) as feeder
cells in Mouse Embryonic Stem Cell Growth Medium
(Cyagen Bioscience Inc.). At the time of administration,
ESCs were in passage 8–15 approximately and pre-
irradiated (15 Gy). Lewis Lung Carcinoma cells [21] (LLCs)
were purchased from the Cell Bank of Chinese Academy of
Medical Science and cultured in Dulbecco’s ModiWed
Eagle’s Medium (DMEM, Hyclone) supplemented with
10% fetal bovine serum (FBS, Hyclone), and about in pas-
sage 10–15 when inoculated.

Reagents and antibodies

Most reagents used in cell culture were obtained from
Hyclone Biochemical Products Co., Ltd unless speciWcally
indicated. The antibodies used in Xow cytometry were pur-
chased from eBioscience (San Diego, CA, USA) and anti-
bodies used in immunohistochemistry from BioWorld
Technology Ltd (Barrie, ON, Canada) and Biosynthesis
Biotechnology Co., Ltd (Beijing, China). The ELISA kits
were obtained from Jingmei Biotech Co., Ltd (Beijing,
China) and the one step TUNEL apoptosis assay kit [22]
and reagents used in TUNEL analysis was purchased from
Beyotime Biotechnology (Haimen, China).

Experimental protocols

Forty female C57 BL/6 mice were randomly divided into
four groups: the vaccine group (n = 10) received subcuta-
neous vaccination with pre-irradiated ESCs three times at
a 1-week interval, and 1 week after the third time of vac-
cination, LLCs were inoculated subcutaneously (all the
number of cells involved was 1 £ 106); the treatment
group 1 (n = 10) received three times of ESCs treatment
(at a 1-week interval) 48 h after inoculation of LLCs,
when there were no touchable tumor masses developed;
the treatment group 2 (n = 10) received three times of
ESCs treatment (at a 1-week interval) 5 days after inocu-
lation of LLCs, when there were macroscopic tumor
masses developed subcutaneously; the control group
(n = 10) received inoculation of LLCs without vaccina-
tion or treatment (Fig. 1a). Tumor size was measured in
longitudinal (L) and transverse (W) diameters by digital
calipers every other day since tumor cells inoculation and
tumor volumes were calculated according to the formula
V = L £ W2/2 [23]. The endpoint for this study was set to
be one diameter of tumors ¸15 mm when all mice were
killed under anesthesia and tumors were excised and
weighed. During the experiment, all mice were monitored
for some general health indicators: general behavior,
feeding and defecation, body weight, neuromuscular tone,
appearance of fur, etc.

Flow cytometry

Three or four days after the third time of administration of
ESCs, citrate-anticoagulated blood was acquired from
venous sinus of eye orbit [24] from mice of all groups (in
the control group on the same day as the treatment groups).
The CD3/4/8- and CD19- positive lymphocytes were stained
and analyzed on EPICS XL Xow cytometer (Beckman
Coulter Corp.), and the results were processed by WinMDI
software (Scripps Institute).
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ELISA

Fresh blood from all groups of mice was obtained at the
same time and in the same way as previously described,
and serum was collected. The serum levels of interleukin-4,
interleukin-2, and interferon � were tested by ELISA kits in
accordance with the instructions and analyzed on a micro-
plate reader (Wellscan MK3, Labsystems Dragon).

Histology and immunohistochemistry

When the mice were killed, the primary tumors and spleens
were excised and Wxed in 4% formaldehyde. The specimens
were embedded in paraplast and 4-�m thick sections were
cut and stained with hematoxylin and eosin by standard
methods.

Tissue sections were deparaYnized and rehydrated
through a graded alcohol series. Endogenous peroxidase
activity was quenched by incubation with 3% hydrogen
peroxide for 15 min, after 15-min rises in three changes of
PBS, sections were blocked with normal goat serum to sup-
press nonspeciWc background staining. The rabbit anti-
mouse CD4 and CD8 antibodies (diluted, 1:100) were
applied to the sections at 4°C overnight. Then the sections
were incubated with biotinylated goat anti-rabbit IgG for
30 min at room temperature and processed according to the
SP kit protocol, and Wnally examined under a light micro-
scope and camera system.

TUNEL

The tumor sections were deparaYnized and rehydrated
through a graded alcohol series, incubated with protease K
for 25 min at room temperature for antigen retrieval, and
then operated according to the TUNEL apoptosis detection
kit. The FITC-labeled TUNEL-positive cells were imaged
under a Xuorescent microscope using 488-nm excitation
and 530-nm emission. An image analyser (Image Pro Plus
6.0, Media Cybernetics) was used to score all the staining
sections of immunohistochemistry and TUNEL, and results
were present in mean optical density (MOD = integrated
optical density/area).

Fig. 1 Antitumor immunity induced by administration of ESCs.
a Scheme of ESCs immunization and tumor inoculation. Mice in the
vaccine group received subcutaneous 1 £ 106 pre-irradiated ESCs vac-
cination three times at a 1-week interval, and 1 week after the third
time of vaccination, 1 £ 106 LLCs were inoculated subcutaneously.
Mice in the treatment groups 1 and 2 also received subcutaneous
1 £ 106 pre-irradiated ESCs immunization three times at a 1-week
interval, at 2 and 5 days after the tumor challenge, respectively. b After
the inoculation of 1 £ 106 LLCs, tumor size of all groups was mea-
sured using a digital caliper and tumor volumes were calculated. The
results indicated statistical diVerence in tumor size between the vaccine
and control group from day 5 on (p < 0.05, and p < 0.01 from day 7
on), between the treatment groups and control group (p < 0.05) from
day 7 on, and between the treatment groups 1 and 2 from day 9 on. c At
the end of the experiment, all mice were killed under anesthesia and tu-
mors were excised and weighed. The results of tumor weight suggested
that there was signiWcant diVerence between the vaccine and control
group (p < 0.01), between the treatment groups and control group
(p < 0.05), and between the treatment groups 1 and 2 (p < 0.05).
d Tumor formation time of the control group and treatment groups.
The diVerence in tumor formation time between the control group and
treatment group 1 was highly signiWcant statistically (p < 0.01). Error
bars denote SD

�
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Statistical analysis

Statistical signiWcance between groups was determined by
ANOVA test and Student–Newman–Keuls multiple com-
parisons test after conWrming the equality of variance with
the Levene test using SPSS statistical software (version
17.0). Most data were present as mean § SD and a p value
less than 0.05 was considered statistically signiWcant.

Results

Inhibition of tumor formation in vaccine group

In our study, we chose a well-established Lewis Lung Car-
cinoma model in C57 BL/6 mice [25], and 1 £ 106 cancer
cells, given subcutaneously were enough to induce progres-
sive local growth of the tumor masses and eventual death
due to distal lung metastasis and cachexia. After the admin-
istration of LLCs, the kinetics of tumor growth was then
closely monitored (Fig. 1b, c). As we expected, tumor for-
mation rates of mice in the vaccine group were only 40%,
and no more mice suVered from tumor formation during the
experiment, signiWcantly diVerent from that of the control
group (100%, p < 0.05). Moreover, vaccination resulted in
a dramatic retardation of tumor growth with statistically
signiWcant diVerences in average tumor size compared with
the control group from day 5 on (p < 0.05, and p < 0.01
from day 7 on).

Inhibition of tumor growth in treatment groups

We injected mice in the treatment groups 1 and 2 with
ESCs subcutaneously at 2 and 5 days after the inoculation
of LLCs, respectively. 1 week later we repeated the admin-
istration and the third time of administration was carried
out at another 1-week interval (Fig. 1a). The tumor forma-
tion time was closely detected (Fig. 1d) and tumor size was
measured every other day till the endpoint (Fig. 1b). The
results suggested that mice in two treatment groups
received obvious antitumor immunity and rejected tumor
masses from proliferation and development compared with
the control group. Furthermore, mice in the treatment group
1 obtained stronger antitumor response, which protected
mice from malignant cancer progression more eVectively
compared with mice in the treatment group 2 from day
9 on.

Proliferation of lymphocytes

In our study, we examined the proliferation of both T and B
lymphocytes in peripheral circulation of all groups of mice,
especially we were interested in the changes induced by

ESCs inoculation (Fig. 2a). We found statistically signiW-
cant proliferation of both CD4+ and CD8+ T lymphocytes
in the vaccine and treatment groups compared with the con-
trol group (p < 0.05), moreover, the ratio of CD4+/CD8+
lymphocytes become smaller (p < 0.05, Fig. 2b), which
indicated that there were more CD8+ lymphocytes (cyto-
toxic T lymphocytes) generated. However, there was an
obvious decrease of CD19+ B lymphocytes in these groups
of mice (p < 0.05). But there was neither any signiWcant
diVerence between the vaccine and treatment groups in the
proliferation level of lymphocytes, nor in the CD4+/CD8+
ratio.

When the mice were killed, we detected the proliferation
of CD4+ and CD8+ lymphocytes in spleens by immunohis-
tochemistry (Fig. 3); the results indicated signiWcant diVer-
ence in the vaccine and treatment groups compared with the
control group (p < 0.05), and this was in accordance with
the results of cytoXowmetry.

Fig. 2 The classiWcation of lymphocytes in circulation. a Administration
of ESCs induced signiWcant proliferation of CD4+ and CD8+ lympho-
cytes in peripheral circulation of mice from the vaccine and treatment
groups compared with the control group (p < 0.05), however, there was
an obvious decrease of CD19+ lymphocytes (p < 0.05). No signiWcant
diVerence was detected among the vaccine and treatment groups.
b The ratio of CD4+ and CD8+ lymphocytes of the vaccine and treat-
ment groups become smaller (p < 0.05), so there were more CD8+
lymphocytes (cytotoxic T lymphocytes) generated compared with
CD4+ lymphocytes
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Fig. 3 The proliferation of lym-
phocytes in spleens of mice from 
all groups (a = control group, 
b = vaccine group, c = treatment 
group 1, d = treatment group 2). 
a The immunohistochemistry 
staining of CD4+ lymphocytes. 
The MOD (a = 0.14 § 0.029, 
b = 0.25 § 0.048, 
c = 0.19 § 0.038, 
d = 0.23 § 0.028) indicated sig-
niWcant diVerence of the vaccine 
and treatment groups compared 
with the control group 
(p < 0.05). b The immunohisto-
chemistry staining of CD8+ 
lymphocytes. There was signiW-
cant diVerence of MOD 
(a = 0.14 § 0.032, 
b = 0.27 § 0.044, 
c = 0.20 § 0.047, 
d = 0.19 § 0.034) of the vaccine 
and treatment groups compared 
with the control group (p < 0.05)
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Cytokines

To further study the cellular immune mechanism mediating
the antitumor immunity, we analyzed the cytokines pro-
duced by lymphocytes in serum. The concentration of inter-
leukin-4, interleukin-2, and interferon � was detected by
ELISA (Fig. 4), and the results suggested that mice in
both the vaccine and treatment groups had signiWcantly
increased expression of interleukin-2 and interferon �
(p < 0.05), but no obvious change in the serum level of

interleukin-4. Furthermore, mice in the treatment group 1
seemed to have higher expression in interleukin-2
(p = 0.102) and interferon � (p < 0.05) compared with mice
in the treatment group 2.

TUNEL

When the mice were killed, we detected the cell apoptosis
in the tumor tissues by the TUNEL kit (Fig. 5). We found
that apoptosis of tumor cells in the vaccine and treatment
groups were statistically diVerent from that of the control
group (p < 0.05). However, no signiWcant diVerence was
found between the vaccine and treatment groups, or
between the treatment groups 1 and 2.

Discussion

It was a long time since embryonic materials has been used
as vaccines to prevent the formation and development of
tumors in animal experiments, and the original theory basis
was thought to be the biological similarities between
embryos and tumors [17]. Since the identiWcation of ESCs
and CSCs, especially the discovery of antigenic and biolog-
ical similarities between them, there has been accumulative
evidence supporting vaccination with ESCs to generate an
antitumor immunity [16]. In our study, we discovered yet
another novel application of ESCs, i.e. administration of

Fig. 4 Concentration of cytokines in serum of mice from all groups.
Mice in both the vaccine and treatment groups had signiWcantly in-
creased expression of interleukin-2 and interferon � (p < 0.05) com-
pared to the control group. Moreover, mice with minor tumor load had
increased expression in interleukin-2 (p = 0.102) and interferon �
(p < 0.05) compared with mice with heavy tumor load. No signiWcant
diVerence was found in concentration of IL-4 of all groups

Fig. 5 The cell apoptosis of tu-
mor sections from all groups 
(a = control group, b = vaccine 
group, c = treatment group 1, 
d = treatment group 2). The 
MOD suggested that mice in the 
vaccine and treatment groups 
had more cell apoptosis com-
pared with the control group 
(p < 0.05, a = 0.035 § 0.0041, 
b = 0.051 § 0.0052, 
c = 0.057 § 0.0046, 
d = 0.050 § 0.0040)
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ESCs in mice with minor and/or heavy tumor load could
also generate eVective antitumor eVect and protect mice
from tumor proliferation and/or further development. Fur-
thermore, the antitumor immunity was stronger in mice
with minor tumor load, which may be due to more lympho-
cytes generated and antitumor cytokines secreted compared
with mice with heavy tumor load.

The goal of cancer immunotherapy is to develop modali-
ties that speciWcally target tumor cells, thereby avoiding
harmful side eVects on normal tissues [26]. The identiWca-
tion of CSCs makes it a topic of considerable interest to tar-
geting and eradicating the stem-cell compartment of a
tumor, which means stable or long-lasting remission, and
even a cure of cancer [27–29]. However, the function of
immunotherapy depends on the host’s immune cells and an
intact immune system [30]. But in a tumor loading state,
animals and/or patients often suVer from immune dysfunc-
tion and apoptosis of antitumor eVector cells [31]. Recent
research revealed that the reason of immune system failure
to eliminate tumors was mainly because appropriate lym-
phocytes were not activated to a threshold required for
tumor rejection [32]. Due to the altered expression of pro-
teins involved in antigen processing and presentation,
tumor cells were able to avoid recognition by immune sys-
tem, and insuYcient activation of antitumor immunity lead
to poor protective responses [33, 34]. Because of the anti-
genic similarities between tumor cells and ESCs, immune
response against ESCs was expected to cross-react with
tumor cells especially CSCs in vivo and antitumor immu-
nity was expected to be rebuilt in tumor-bearing animals
and/or patients.

Recently, it has been shown that expression of MHC
class I molecules on ESCs is suYcient to induce recogni-
tion and rejection by cytotoxic T lymphocytes [35]. The
immunogenicity of ESCs has been extensively covered in
several reviews [36–38], which share the same perspective
that ESCs and their derivatives could generate cellular
immune response and active CD4+ and CD8+ lymphocytes
in vivo. In our study, we detected the CD3/4/8 (T lympho-
cyte marker) and CD19 (B lymphocyte marker) positive
lymphocytes in both peripheral circulation and spleens of
mice. As we expected, there was signiWcant proliferation of
T lymphocytes after the administration of ESCs in tumor
loading mice (in the treatment groups) as well as healthy
mice (in the vaccine group, untreated when received admin-
istration of ESCs), especially the proliferation of CD8+
lymphocytes (cytotoxic T lymphocytes), which constitutes
the main part of antitumor eVector cells [39, 40]. The pro-
liferation of lymphocytes make it possible to eliminate and/
or reject tumors in tumor loading mice of the treatment
groups and protect animals from tumor formation and
development in mice of the vaccine group.

Besides the decrease in quantities of lymphocytes, the
cytokines secreted by CD4+ lymphocytes in a Th1/Th2
shift state is another abnormalism of lymphocyte homeosta-
sis caused by cancer [41, 42], which means an increase in
Th2 cytokines (interleukin-4, 10 etc.) while a decrease in
Th1 cytokines (interleukin-2, interferon � etc.). So, we
investigated the concentration of interleukin-4, interleukin-
2, and interferon � in serum of all groups of mice. We found
that administration of ESCs stimulated the secretion of Th1
cytokines, which comprised an important part of antitumor
immunity. Furthermore, the statistical diVerence between
the treatment groups 1 and 2 suggested that administration
of ESCs in earlier tumor stages, when immune suppression
and dysfunction was in a relatively low degree, could stim-
ulate the immune system more eVectively to generate eVec-
tor lymphocytes and cytokines. Both the increase of
lymphocytes and normalization of cytokine secretion help
to reverse the existing immune dysfunction and rebuild the
host’s antitumor immunity.

We also examined the tumor sections for the presence of
CD4+ and CD8+ lymphocyte. In all groups including the
control group, inWltration with CD4+ and CD8+ cells were
observed. Furthermore, cell apoptosis of tumors was exam-
ined and the results seemed to correlate signiWcantly with
the proliferation of lymphocytes and rejection of tumors.
That means the administration of ESCs protects mice of the
vaccine and treatment groups from cancer eVectively.
Meanwhile, we found that mice with tumor load at diVerent
stages could all receive antitumor eVect, and earlier stage
means better immune response and stronger antitumor
immunity.

In a further study, we found that administration of ESCs
from BALB/c could also generate similar antitumor immu-
nity against cancer in tumor loading mice, with obvious
tumor suppression and retardation. We think this may be
due to the similar cell-surface markers between ESCs from
diVerent species [43], which generate similar immune
response in vivo. We have not observed obvious clinical
signs of autoimmune diseases in the ESCs-injected mice
such as irritability, weight changes, skin rash, arthritis, etc.
All immunized mice were generally healthy. However, it is
still diYcult to illustrate a speciWc mechanism responsible
for the tumor rejection, as it is known to be a complex one
involving the coordinated roles of CD4+, CD8+ T lympho-
cyte, antibody-mediated cytotoxity, NK cells, phagocytic
cells, and other soluble factors such as nitric oxide and
cytokines [16]. Some issues are still necessary to be
explored for further experiments, such as whether the
immune response would be against endogenous stem cells,
whether there would be speciWc antibody against lung
cancer during the immune response, and whether this kind
of immunization is cancer speciWc, etc.
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Although more cancer cell lines are needed to be exam-
ined and multiple experiments are required to be carried out
in order to make a general statement, our study does raise a
possibility that administration of ESCs could eVectively
reverse the immune dysfunction caused by cancer and
induce antitumor immunity in tumor-loading mice of diVer-
ent stages, which eVectively prevent and/or delay the occur-
rence of tumors and suppress their growth when tumor
masses already exist. Moreover, administration of ESCs in
mice with minor tumor load received more satisWed treat-
ment eVects compared with mice with advanced tumors,
which may be due to relatively intact immune system.
However, it suggests a novel application of ESCs and
therapeutic strategy for cancer.
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