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A hepatic stem cell vaccine is superior to an embryonic
stem cell vaccine in the prophylaxis and
treatment of murine hepatocarcinoma
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Abstract. Stem cells and cancer cells express a common subset
of antigens called oncofetal antigens. Theoretically, vaccination
with stem cells is effective at boosting the preexisting anticancer
immune response. Herein we describe the efficacy of two stem
cell-based vaccines in the prophylaxis and treatment of subcu-
taneous hepatic tumors transplanted into mice. C57BL/6j mice
were vaccinated weekly with either hepatic stem cells (HSCs)
or embryonic stem cells (ESCs) for three weeks, followed by
a subcutaneous challenge with Hepa 1-6 cells at one week
(group 1) or four weeks (group 2) after vaccination. No tumor
formation was observed in HSC-vaccinated mice when chal-
lenged within one week after vaccination (group 1), but tumors
formed in 10% of mice in the ESC-vaccinated group and in 60%
of mice in the unvaccinated group. When the long-term memory
response was examined (group 2), only 10% of HSC-vaccinated
mice and 20% of ESC-vaccinated mice developed macroscopic
hepatocarcinomas compared to 60% of the unvaccinated mice.
Besides their function as prophylactic vaccines, administration
of either HSC or ESC could be a potential treatment for cancer.
In mice with subcutaneous hepatocarcinomas, complete clear-
ance of tumor burden was observed in 80% of mice receiving
HSC vaccination, but 40% of ESC-vaccinated mice presented
with tumors that did not increase in size over time. These data
support that HSC is a superior vaccine candidate for durable
antitumor protection in this hepatocarcinoma model.

Introduction

Liver cancer (or hepatocarcinoma) currently accounts for
7% of all cancer cases diagnosed worldwide, resulting in
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>600,000 deaths each year (1,2). Treatments for early-stage
hepatocellular carcinoma (HCC) include tumor resection, liver
transplantation and local ablation. However, only 30-40% of
early-stage liver cancer patients are eligible to receive these
therapies, and half of them may suffer from tumor recurrence
within 3 years of treatment (1-3). New therapeutic strategies
that improve the prognosis of liver cancer are warranted, and
immunotherapy is one alternative approach that is showing
therapeutic promise.

Anticancer vaccination has been applied as an active
immunotherapeutic strategy to stimulate specific and durable
antitumor immunity, and vaccines have been used in the treat-
ment of liver cancer or even prevention of cancer recurrence
(4,5). The rationale for vaccination against cancer is based on
the presence of circulating T cells that are reactive towards
specific cancer-associated antigens expressed by tumor cells
(6,7). In this respect, immunization with univalent cancer
antigen such as a-fetoprotein (AFP), carcinoembryonic antigen
and glypican-3 (GPC3) peptide has been proved to boost the
antitumor immune response, leading to the decreased tumor
burden and increased overall survival in patients with HCC
(34,8,9). However, the rapid genesis of mutant with decreased
expression of targeted antigen restrains the efficacy of univa-
lent cancer vaccine. Until now, it is difficult to identify all these
targeted antigens and select the most critical one for devel-
oping cancer vaccine. Thus, whole cell vaccine that contain
all these targeted antigens was thought to induce more robust
antitumor immune responses than the traditional univalent
cancer vaccine.

Recent studies have shown that embryonic stem cells
(ESCs) can boost the immune system when used as a whole-
cell cancer vaccine, and this stimulation leads to a reduction
in tumor burden (10-14). ESCs and certain cancer cells express
a specific subset of antigens called oncofetal antigens, and
ESCs are effective at presenting these antigens to the immune
system and eliciting an anticancer response (10-18). Murine
models of lung, colon and ovarian cancer have confirmed the
antitumor efficacy of ESC vaccination, but it is not known if
immunization with ESCs will have a measurable impact on
liver cancer. Some evidence suggests that liver cancer may
arise from the aberrant activation of hepatic stem cells (HSCs)/
hepatic progenitor cells (HPCs), as well as share cellular and
molecular phenotypes with HSC/HPCs (19,20). Theoretically,



ZHENG et al: A STEM CELL VACCINE FOR THE PROPHYLAXIS AND TREATMENT OF HEPATOCARCINOMA

HSC/HPCs may serve as attractive vaccine candidates that
trigger T-cell responses as effectively as ESCs and drive an
antitumor response that is specific, for liver cancer.

Collectively, both ESC and HSC/HPCs share cell surface
antigens with liver cancer cells (16-20), and both cell types
are potential cancer vaccine candidates that may generate
antitumor immunity against liver cancer. For this reason, we
compared the effectiveness of ESC and HSC whole-cell cancer
vaccines in the prophylaxis and treatment of subcutaneous
hepatic tumors transplanted into adult mice. Our results show
that immunization with the HSC vaccine prevented the devel-
opment of liver cancer for up to four weeks after vaccination.
In addition, established subcutaneous tumors significantly
shrank after HSC vaccination. Interestingly, ESC vaccine is
less effective than HSC vaccine in prophylaxis and treatment
of liver. These data support that HSC is a superior vaccine
candidate for durable antitumor protection in this hepatocar-
cinoma model.

Materials and methods

Mice. Wild-type C57BL/6j mice were obtained from the
Wushi Laboratory (http://www.fzzmsoft.com/xieli/index.asp)
and maintained at the Laboratory Animal Center in Fujian
Medical University according to standard guidelines. To
induce development of hepatic oval cells (HOCs) in the liver,
4-week-old C57BL/6j mice were fed a choline-deficient, ethi-
onine-supplemented (CDE) diet for three weeks as previously
described (21). This diet was comprised of choline-deficient
chow (Medicience Ltd.) and 0.15% (w/v) DL-ethionine (Sigma-
Aldrich) added to the drinking water. Wild-type C57BL/6j
mice were immunized at 10-12 weeks of age. All animal
protocols were approved by the Animal Care Committee of
Fujian Medical University.

Cell lines. HOCs were selected as the source of HSCs in our
vaccination strategy. HOCs were isolated from C57BL/6j
mice that were fed a three-week CDE diet, and the cells were
cultured under standard conditions (37°C, 5% CO,) as previ-
ously described with some modifications (22-24). Briefly,
mice were anaesthetized, the abdominal cavity was opened,
and the liver was perfused via the hepatic portal vein with
two buffers: 50 ml of EGTA buffer [0.5 mM EGTA (Sigma-
Aldrich), 137 mM NaCl, 4.7 mM KCI, 1.2 mM KH,PO,,
0.65 mM MgSO,, 10.07 mM HEPES (Sigma-Aldrich), pH 7.4],
and 55 ml of collagenase buffer [67 mM NaCl, 6.7 mM KCl,
476 mM CaCl,, 100.7 mM HEPES, 0.035% collagenase
type I (Sigma-Aldrich), pH 7.6] at a flow rate of 5 ml/min.
Next, the liver was removed, dissected, and digested in liver
digestion buffer [0.1% collagenase type VIII (Sigma-Aldrich),
0.09% Pronase (Roche Diagnostics), 0.025% trypsin/0.01%
EDTA, 0.004% DNase (Sigma-Aldrich)] at 37°C for 50 min.
After incubation, an equal volume of cold Williams' E
medium containing 2% FBS was added to the digestion
buffer, and the mixtures were filtered through a 40-um cell
strainer (BD Biosciences). Cells were pelleted, re-suspended
in phosphate-buffered saline (PBS), and separated by density
gradient centrifugation at 1400 x g for 20 min. Cells were
collected, washed and plated at a density of 1x10° viable
cells/ml onto collagen-coated dishes in Williams' E medium
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with 10% FBS (Gibco), 10 mM nicotinamide (Sigma-Aldrich),
2 mM glutamine (Solarbio), 107 M dexamethasone, 1X ITS*
(Sigma-Aldrich), 0.2 mM ascorbic acid (Sigma-Aldrich),
20 mM HEPES, 1 mM Na pyruvate (Sigma-Aldrich), 0.15%
NaHCO;, 14 mM glucose, 20 ng/ml EGF (BD Biosciences),
1.0% (v/v) fungizone (Solarbio), and 1.0% (v/v) penicillin/
streptomycin (Solarbio). Cells were sub-cultured for 10 weeks
(30-35 passages), until the HOCs became stable and displayed
consistent morphology.

The C57BL/6 mouse embryonic stem cells (mESCs) were
purchased from a commercial supplier (Cyagen Bioscience
Inc.), and co-cultured with C57BL/6 mouse embryonic fibro-
blasts (MEFs) as feeder cells in Dulbecco's modified Eagle's
medium (DMEM) supplemented with 15% fetal bovine serum
(FBS), 2 mM L-glutamine, 0.1 mM non-essential amino acids,
0.1 mM 2-mercaptoethanol, and 1000 U/ml leukemia inhibi-
tory factor. Preparation of MEF feeders was performed as
previously described, with some modifications (25). Briefly,
the MEFs were derived from C57BL/6 mouse embryos
(around day 13 of gestation) and cultured in DMEM supple-
mented with 10% FBS. After cell propagation (2-3 passages),
MEFs were mitotically inactivated by treatment with 10 pg/ml
mitomycin C in MEF culture medium for 3 h, plated onto
untreated culture vessels at density of 3.0-4.0 cells/cm?, and
used as feeder cells.

The hepatoma cell line of C57BL/6 origin (Hepa 1-6) was
purchased from the Cell Bank of the Chinese Academy of
Sciences (http:/www.cellbank.org.cn/mulu.asp) and cultured
under standard conditions in DMEM supplemented with
10% FBS as described above. At the time of inoculation,
Hepa 1-6 and mESCs were in passages 5-10 and 10-15, respec-
tively.

Preparation of HOC and mESC whole-cell vaccine. HOCs
were removed from the dish by treatment with 0.25% trypsin-
EDTA whereas mESCs were detached and separated from
MEFs using the ‘differential adhesion method’ as previously
described (26). The HOC and mESC whole-cell vaccines
were generated by fixing HOCs and mESCs in a solution of
4% paraformaldehyde for 1 h, followed by three washes with
sterile PBS. Finally the cells were re-suspended in PBS at a
concentration of 1x10° cells/ml, stored at 4°C, and used for
vaccination within one week.

Immunization protocol and tumor challenge. Paraformal-
dehyde-fixed, whole-cell vaccines (1x10®° HOCs or mESCs)
and live hepatoma cells (4x10° Hepa 1-6 cells/mouse) were
administered by subcutaneous inoculation in the mid-left and
mid-right abdominal region of mice, respectively. The scheme
of immunization and tumor inoculation was described else-
where, with some modifications (Fig. 1) (11,12). To determine
and compare the efficacy of HSC or mESC as a whole-cell
vaccine, naive C57BL/6j mice were vaccinated with either
HOCs or mESCs three times in one-week intervals, followed
by subcutaneous inoculation with Hepa 1-6 cells at one week
after the last HOC/mESC boost (Fig. 1A). For long-term
memory responses, mice were challenged with Hepa 1-6 cells
at four weeks after the last vaccination (Fig. 1B).

To determine and compare the therapeutic efficacy of HSC
or mESC as a whole-cell vaccine (Fig. 1C), C57BL/6 mice
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Figure 1. Scheme of immunization and tumor inoculation. (A) Mice were immunized weekly for three weeks followed by tumor inoculation at one week after
the last vaccination. (B) Mice were vaccinated weekly for three weeks followed by tumor inoculation at four weeks after the last vaccination. (C) Mice received
immunization three times (at one-week interval) 7 days after tumor inoculation.

Table I. The modified WHO criteria.

Response criteria

CR
PR
SD
PD

Complete disappearance of all lesions

At least 50% decrease in tumor burden compared with baseline
Neither sufficient shrinkage to qualify for PR nor sufficient increase to qualify for PD
At least 25% increase in tumor burden compared with baseline

received immunization three times (at one-week interval) 7 days
after tumor inoculation. As a control, mice were inoculated with
Hepa 1-6 without vaccination or treatment. Tumor growth was
monitored every other day using digital calipers to measure
both the longitudinal (L, mm) and transverse diameters (T, mm).
Tumor area (LXT, mm?) was calculated as previously described
(10). Mice were also monitored for general health indicators
after immunization, such as overall behavior, feeding, body
weight and ruffled fur. If the tumor diameter exceeded 15 mm,
or if tumor ulceration was observed, the mice were euthanized.
Per our approved protocol that was primarily designed to eval-
uate the tumor formation rate of mice and response rate and to
ease the pain and suffering of tumor-bearing mice, no survival
experiments were conducted in this study.

Indirect immunofluorescence cytochemistry. Isolated HOCs
were confirmed by immunofluorescence analysis and testing
for the expression of two commonly associated HOC markers:
cytokeratin 19 (CK19) and muscle pyruvate kinase 2 (M,PK).
Briefly, cells were harvested from culture dishes and grown
on poly-L-lysine-coated coverslips. Cells were fixed with
4% paraformaldehyde at room temperature for 20-30 min and
then permeabilized with 0.5% Triton X-100 for 5 min. After
permeabilization, cells were blocked with 1% bovine serum
albumin (BSA) and incubated with the following primary anti-

bodies at 4°C overnight: goat anti-CK19 (1 pg/ml, Santa Cruz
Biotechnology), or rabbit anti-M,PK (1 xg/ml, Abcam). Next,
cells were washed three times in PBS and incubated with
a secondary donkey anti-goat CruzFluor™ 594 antibody
(1 pg/ml, Santa Cruz Biotechnology), or donkey anti-rabbit
Alexa Fluor® 488 antibody (2 ug/ml, Abcam), for 30 min at
37°C. Finally cells were washed three more times, mounted in
antifade mounting medium (Beyotime) with 4',6- diamidino-
2-phenylindole (DAPI), and examined under a fluorescence
microscope (Carl-Zeiss Axiovert 200).

Statistical analysis. The statistical analysis was performed
using SPSS statistical software 13.0 and GraphPad Prism 5.0
software. Antitumor responses to immunotherapeutic vaccina-
tion were evaluated using a modification of the WHO criteria
(Table I). Comparison of the cancer formation rate between
the prophylaxis groups, and the disease control rate [DCR:
complete response (CR) + partial response (PR) + stable
disease (SD)] between treatment groups, was made by the ¥’
method. The P-value was adjusted to 0.0125. The dynamic
tumor growth size was analyzed using a multivariate linear
model. After confirming the inequality of variance with
the Levene test, the post-therapeutic change in tumor size
was analyzed with the Wilcoxon test. Differences in tumor
growth size and weight between groups were detected by the
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Figure 2. (A and B) The morphology of murine hepatic oval cells (HOCs) visualized by phase contrast microscopy (x100). The arrow indicates identifiable
clones. (C and D) Immunofluorescence analysis of CK19 (C) and M,PK (D) expression (x400) on HOCs. (E and F) The morphology of embryonic stem cells
(ESCs) visualized by phase-contrast microscopy at two magnifications [(E) x100; (F) x400]. The arrow indicates undifferentiated mESC clones.

Nemenyi-test. Most data were presented as mean + SEM, and
a P-value <0.05 was considered statistically significant.

Results

Characterization of cultured HOCs and ESCs for vaccine
preparation. In this study, HOCs were readily isolated from
C57BL/6j mice by a two-step collagenase digestion and
density gradient centrifugation. Following serial passage
in vitro, HOC cell lines displayed consistent morphology
(Fig. 2). HOCs were adherent, cobblestone-like cells with
ovoid nuclei and scant cytoplasm. The majority of cells formed
uniform monolayers (Fig. 2A), and a small number of cells
produced identifiable clones (Fig. 2B). Vaccine preparation
was performed after HOCs had been continuously cultured
for >3 months. Following serial passaging (30-35 times),
HOCs maintained viability, proliferative capacity, and typical
cellular morphology. These results suggest that the HOCs were
immortalized.

HOC cell lines derived from primary HOCs were further
characterized by immunofluorescence staining for two
commonly known murine oval cell markers: the hepatic
progenitor and cholangiocyte marker (CK19), as well as the
hepatic progenitor and early hepatocyte marker M,PK. HOC
cell lines were positive for expression of both CK19 and M,PK,

further suggesting that these HOCs were hepatic progenitor
cells and ideal candidates for HSCs (Fig. 2C and D). Together
these data show the establishment of a stable HOC cell line
that can be used as a source of HSCs in a cancer vaccine.

To establish an ESC vaccine, we purchased mESCs
(C57BL/6 origin) from a commercial supplier. The cells were
maintained in an undifferentiated state by co-culturing them
with MEFs (see Materials and methods). The undifferenti-
ated mESC clones typically had clear borders, were round
in appearance, and demonstrated a high nuclear-cytoplasmic
ratio and prominent nucleoli (Fig. 2E and F).

HSC vaccination is superior to ESC vaccination in generating
long-lasting antitumor protection against subcutaneously
injected hepatic tumor cells. We compared the effectiveness
of HSC and ESC whole-cell vaccination in the prophylaxis of
subcutaneous hepatic tumor cells transplanted into adult mice
(Fig. 3). Animals were challenged with live Hepa 1-6 cells
shortly after receiving a series of immunizations, and tumor
formation was monitored. At 31 days post-tumor challenge, the
rate of tumor formation in the HSC vaccination group was 0%
(0 out of 10 mice), 10% in the ESC vaccination group (1 out
of 10 mice), and 60% in the control group (6 out of 10 mice;
Fig. 3A). Tumor incidence was significantly increased in the
control group compared to either the HSC or ESC vaccination
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Figure 3. Comparison of HSC and ESC vaccines in the prophylaxis of
subcutaneous hepatomas (short-term prevention). (A) Tumor formation in
three groups of mice (N=10 per group) following vaccination. (B) Kinetics
of tumor growth beginning at day 5 post-tumor challenge. An asterisk
indicates a significant reduction in the average tumor size of the vaccination
groups (HSC or ESC) compared to the control group (P<0.05). Bars represent
mean + SEM.

group (P<0.05), but the rate of tumor incidence was similar
between the HSC and ESC vaccination groups (P>0.05).
Preventative vaccination significantly reduced tumor growth
after day 5 (Fig. 3B; P<0.05). Hence both HSC and ESC vacci-
nation effectively prevented the establishment of implantable
hepatocarcinomas especially when the tumor challenge was
administered within one week of the last immunization.

We further investigated if preventative immunization with
HSC or ESC vaccines conferred long-lasting protection against
a subsequent challenge with hepatocarcinoma cells (Fig. 4). A
second challenge was administered by inoculating immunized
mice with live Hepa 1-6 cells at four weeks after the last immu-
nization. As shown in Fig. 4A, 90% of mice immunized with
the HSC whole-cell vaccine and 80% of mice that received the
ESC whole-cell vaccine did not develop subcutaneous hepato-
carcinomas for up to 31 days after the tumor challenge. Both
the rate of tumor formation and the average tumor size were
significantly reduced in the HSC vaccination group (Fig. 4B;
P<0.05), but the ESC immunization group demonstrated a
less robust decrease in tumor and tumor size (P>0.05). These
results suggest that HSC vaccination was superior to ESC
vaccination in generating long-lasting antitumor protection.

We confirmed these results by comparing the weight of
subcutaneous hepatomas harvested from different groups at
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Figure 4. Comparison of HSC vaccine and ESC vaccines in the prophylaxis
of subcutaneous hepatomas (long-lasting prevention). (A) Tumor formation
and (B) tumor size in three groups of mice (N=10) following vaccination. An
asterisk indicates a significant reduction in the average tumor size of the HSC
vaccination group compared to the control group (P<0.05). Bars represent
mean = SEM.

31 days post-tumor challenge when most of subcutaneous
tumor lesion became ulcerated. The average weight of the
subcutaneous hepatomas was significantly reduced in the HSC
vaccination group compared to the control group (P<0.05), but
modestly decreased in both ESC vaccination groups compared
with the control group (P>0.05; Fig. 5A). Macroscopic exami-
nation of subcutaneous hepatomas indicated that no mass
was found in HSC vaccination group 1 while one mass was
found in a mouse in ESC vaccination group 1, although the
number of mice in each group was equal (10 mice per group)
in this study. Furthermore, two of ten mice in ESC vaccina-
tion group 2 and one of ten mice in HSC vaccination group 2
developed subcutaneous hepatoma at the end of the study.
Obviously, the size and weight of hepatoma developed in
a mouse HSC vaccination group was significantly reduced
compared with either ESC vaccination group or control group
(Fig. 5). Collectively, our results indicate that HSC vaccination
is better than ESC vaccination in the prophylaxis of implant-
able hepatocarcinomas in mice.

HSC vaccination is superior to ESC vaccination in the treat-
ment of established hepatocarcinoma tumors in mice. Next,
we investigated whether HSC or ESC whole-cell vaccination
was effective at reducing tumor load in established hepatocar-
cinomas. Mice were inoculated with Hepa 1-6 cells, and solid
tumors were established (day 5 post-inoculation). Mice were
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Figure 5. Macroscopic assessment of tumor burden in immunized mice.
C57BL/6 mice were vaccinated weekly with either HSCs or ESCs for
three weeks, followed by subcutaneous challenge with Hepa 1-6 cells at
one week (group 1), or at four weeks (group 2) after vaccination. In the control
group, mice were inoculated with Hepa 1-6 cells but did not receive any vac-
cination or treatment. (A) Comparison of the average weight of subcutaneous
hepatomas harvested from each group at 31 days post-tumor challenge. A
significant reduction in weight compared to the control group is indicated by
P<0.05. (B) The macroscopic assessment of subcutaneous hepatomas harvested
from mice at day 31 post-challenge. The arrow indicates one subcutaneous
hepatoma harvested from a mouse receiving the HSC vaccine (group 2).
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Figure 8. Weight and morphology of established hepatocarcinomas following
HSC or ESC vaccination. (A) Comparison of the average weight of tumors
harvested from each treatment group is shown. Bars represent mean + SEM.
(B) Macroscopic assessment of established subcutaneous hepatocarcinomas
harvested from mice at the termination of the experiment.

randomly divided into a control group (no vaccine), or into
HSC and ESC vaccine treatment groups. No significant differ-
ences in the initial tumor burden or size were found between
the three groups at the start of the treatment, as confirmed by
the Wilcoxon signed-rank test (P>0.05). When tumors were
examined at day six after the first vaccination, the average
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size of the subcutaneous hepatomas was significantly reduced
in the HSC treatment group (P<0.05; Fig. 6A). Immunization
with the ESC vaccine significantly reduced tumor growth at 14
days post-vaccination (P<0.05).

The subcutaneous hepatocarcinomas grew progressively
in the control group, and most of the tumor lesions became
ulcerated by the end of study (day 31). However, none of the
mice developed obvious tumor ulceration in the vaccine treat-
ment groups during this study (data not shown). Strikingly, the
average size of the subcutaneous hepatocarcinomas continued
to decline modestly following HSC treatment (P>0.05),
although a slight increase in tumor volume was observed in
mice receiving ESC treatment (P>0.05; Fig. 6).

We also evaluated the antitumor responses to immunother-
apeutic vaccination using a modification of the WHO criteria
(Table I). Although 1 out of 5 mice still suffered from progres-
sive disease during HSC treatment, 4 out of 5 mice showed
complete clearance of tumor burden following the three-week
treatment (Fig. 7). In the ESC treatment group, 2 out of 5
mice presented with stable tumor loads, and 3 out of 5 mice
succumbed to progressive disease by the end of study. In
contrast, all of the mice developed progressive disease in the
control group (Fig. 7).

All mice were euthanized at the end of this study, and the
subcutaneous hepatocarcinomas were harvested and weighed.
The average tumor weight decreased modestly in the HSC
treatment group and was slightly reduced in the ESC treatment
group, but any decline in tumor weight was not statistically
significant (P>0.05; Fig. 8A). Since most of subcutaneous
tumor lesions disappeared following the HSC vaccination,
only one mass that was visible in one of the five mice in HSC
treatment group could be harvested for further comparison.
However, the tumor masses were all detectable in the five
mice in ESC treatment group following the ESC vaccination.
Macroscopic examination of the existing tumors revealed
that the size of subcutaneous hepatomas reduced significantly
in HSC vaccination group and decreased modestly in ESC
vaccination group compared to the control group (Fig. 8B).
Collectively, our results suggest that therapeutic immunization
with HSCs is superior to ESCs in the treatment of established
hepatocarcinomas in mice.

Discussion

The goal of activating the immune system for the prophylaxis
and treatment of liver cancer has led to the investigation of
several immunotherapeutic approaches, including cancer
vaccines (3,4,7). Since the antigens expressed by cancer cells
are usually heterogeneous and plastic, traditional cancer
vaccines that target single or multiple cancer-associated
antigens may not be sufficient enough to eradicate all cancer
cells (27). As knowledge about the nature of these targeted
antigens expands, and as new antigenic oncoproteins are iden-
tified, the promise of developing an effective vaccine for the
prevention and treatment of liver cancer is growing. In this
respect, development of a stem cell-based vaccine is a good
therapeutic strategy due to the shared expression of specific
oncofetal antigens with liver cancer cells, as well as the ability
of stem cells to generate a robust immune response against
other types of cancer.
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To investigate if stem cell-based vaccines are effec-
tive against hepatic tumors, we compared both HSC and
ESC-derived whole-cell vaccines regards to the prevention
of tumor establishment and shrinkage of existing tumors in
a mouse model of implantable liver cancer. To minimize the
impact of individual difference on the interpretation of results,
we used the method of randomization and confirmed that there
was no significant difference in either group before vaccina-
tion. We found that both HSC and ESC whole-cell vaccination
was effective in preventing the outgrowth of implanted tumor
cells in 100 and 90% of mice that were challenged one week
after the last immunization. The benefits of prophylactic
immunization appeared to wane over time, because the tumor
burden in mice increased when the tumor challenge was
administered four weeks after the last vaccination. It indicated
that the immune memory was relatively weak in this study and
thus the antitumor effect of prophylactic vaccination wanes
overtime. Even so, both the rate of tumor formation and the
average size of the subcutaneous tumors were still decreased
significantly in the HSC vaccination group compared with
the control group. In contrast, there were no statistically
significant differences in the rate of tumor formation or in the
average tumor size between the ESC vaccination group and
the control group.

Although HSCs and ESCs share expression of several anti-
gens, there was a question of whether HSCs would be better
than ESCs at generating durable protection against estab-
lished hepatoma. We discovered that immunization with an
HSC-based vaccine in the absence of an adjuvant could result
in the dynamic retardation or shrinkage of established liver
cancer. In contrast, an ESC-based vaccine treatment led to a
delayed progression of subcutaneous liver cancer but did not
eliminate the tumor burden in this model. Thus we concluded
that HSCs were the better option for a stem cell-based vaccine
targeting liver cancer.

Although our results point to HSCs as being the better
vaccine candidate, the precise mechanisms underlying the
antitumor protection conferred by HSCs versus ESCs remain
obscure. Recent evidence suggests that liver cancer cells
express a subset of embryonic antigens that are downregulated
during fetal development, and this downregulation occurs
before the mammalian immune system determines ‘self’
versus ‘non-self’ (11). Embryonic antigens that are shared
by both ESC and liver cancer cell might be included in the
‘non-self’ repertoire and remain immunogenic, leading to a
robust antitumor immunity. ESC vaccination has been shown
to increase the intratumor infiltration of CD8* effector T cells,
as well as decrease both T regulatory cells (Treg) and myeloid
derived suppressor cells (MDSCs) within the tumor microen-
vironment (10-14). Further study indicated that the antitumor
immunity conferred by ESC vaccination was primarily
mediated by CD8* T cells because depletion of this subset
completely abrogated the protective effect in vivo. In addition,
ESC vaccines can modulate the Th1/Th2 balance and tip the
immune response towards Thl-driven antitumor immunity
(10-12).

Less is known regarding the effectiveness of HSCs as
whole-cell vaccine candidates in the prophylaxis and treat-
ment of liver cancer, or which antitumor mechanisms that
HSCs induce are superior to ESCs. One possible explanation
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could be that hepatic tumor cells arise from the malignant
transformation of normal HSCs and would thereby share the
expression of stem cell-related pathways and antigens associ-
ated with immune escape mechanisms (19,20). Vaccination
with HSCs could elicit robust antitumor immunity against
these malignantly transformed stem cells, since HSCs would
present the identical immune targets that are expressed by
the hepatic tumors (27). In this respect, antigens that were
highly expressed in both HSC and liver cancer cells, such
as a-fetoprotein (AFP) and telomerase reverse transcriptase
(TERT), have been shown to be frequently recognized
by T cell and were capable of generating peptide-specific
CTLs (6). However, HSC-derived whole-cell vaccines is not
without potential risks and warrants a careful consideration
for possible adverse side effects, although no mice showed
signs of discomfort (such as the change of behavior, feeding,
neuromuscular tone or appearance of fur) or died in this study.
The most obvious risk would be cross-reactivity with normal
HSC:s in the liver, which could potentially lead to liver damage.
However, previous studies have clearly demonstrated that the
use of ESC and HSC did not result in significant autoimmune
response in the context of immunization and transplantation
(28), respectively. Since the potential side effect of autoimmu-
nity of HSC vaccine has not been fully studied in the context
of immunization, further studies are needed to investigate
whether the antitumor immune responses elicited by HSC
vaccination are vigorous enough to target the subset of HSCs
present in the canals of Hering within the liver.

There were a few limitations in our study. First, we chal-
lenged immunized mice with a single hepatic cancer cell line
(Hepa 1-6), so it is not known if HSC or ESC-based vaccines
would produce the same antitumor protection against other
liver cancer cell lines (especially cell lines derived from
orthotopic liver cancer). Second, the size of the subcutaneous
hepatic tumors was evaluated in our study, but less is known
if reducing tumor size is associated with prolonged survival
in vaccinated mice. Finally, the underlying antitumor mecha-
nisms of HSC and ESC-derived whole-cell vaccines, as well
as the potential toxicity of each type of vaccine are not fully
illustrated in this study but it will be revealed in subsequent
research.

In conclusion, recent developments in cancer vaccine
design have explored the use of ESCs and HSCs as potential
vaccine candidates, due to the expression of similar cell surface
antigens by stem cells and cancer cells. Because effective
treatments for patients with advanced-stage liver cancer are
not currently available, a stem cell-based vaccine is one thera-
peutic strategy that may stimulate durable antitumor immunity
and prolong patients' survival. Our study supports the hypoth-
esis that HSCs are better than ESCs as a vaccine candidate
for durable antitumor protection in a murine hepatocarcinoma
model. We propose that HSCs are more effective than ESCs at
generating long-lasting protection against hepatic tumors and
could be used as both a prophylactic and therapeutic vaccine
in the prevention and treatment of liver cancer.
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