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Abstract. – OBJECTIVE: The breaking of im-
mune tolerance against tumor stromal fibroblasts
should be a useful approach for cancer im-
munotherapy. The primary objective of this study
was to verify whether irradiated-fibroblasts could
induce an anti-tumor immune response in vivo.

MATERIALS AND METHODS: Normal fibrob-
lasts were irradiated with 25Gy; their expres-
sions of a-SMA, HMGB1 and calreticulin were as-
sessed by Western blot. Mice were immunized
with irradiated-fibroblasts and then challenged
with CT26 colon carcinoma. Auto-antibodies
were assessed by flow cytometric. The inhibition
of proliferation of tumor cells by purified im-
munoglobulins was investigated.

RESULTS: The irradiated-fibroblasts expressed
HMGB1, calreticulin and αα-SMA. The irradiated-fi-
broblasts were effective in affording protection
from tumor onset and growth. The immunized
sera exhibited positive staining for tumor cells in
flow cytometric analysis. The purified im-
munoglobulins from immunized mice inhibited
the proliferation of CT26 tumor cells in vitro. 

CONCLUSIONS: All these suggest that irradi-
ated-fibroblasts could induce an anti-tumor im-
mune response.

Key Words:
Irradiated-fibroblasts, Tumor immunotherapy, CT26

colon carcinoma.

Introduction

Stimulating the body’s natural immune re-
sponse against tumors has great potential to elimi-
nate the cancer cells. Tumor immunotherapy often
fails due to many reasons1,2. Interactions between
cancer cells and surrounding stromal cells may
play an important role in aggressive tumor pro-
gression3. Fibroblasts are the predominant cellular
component of the tumor stroma in most types of
cancers4. Stromal cells within tumors are diploid,
genetically stable, and exhibit limited proliferative
capacity; targeting the stroma could substantially
reduce the incidence of immune evasion5. It has
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been shown that destruction of stromal cells with-
in tumors by CTL is essential for eradication of
large well-established solid tumors. The deleting a
subpopulation of stromal fibroblasts arrests the
growth of a solid tumor, an effect that depends on
an immune response to the tumor7. These results
agree with other studies suggesting that immuniz-
ing against fibroblasts in tumors can unmask an
immune response to cancer8.

Co-culture with irradiated-fibroblasts signifi-
cantly increased the invasive ability of pancreatic
cancer cells9, and some studies showed that irra-
diated-fibroblasts results in enhanced tumor
growth and invasion10,11. IMR90 cells (human fe-
tal lung fibroblasts) expressed α-SMA when they
received 8Gy irradiation12, and de novo expres-
sion of α-SMA is the most commonly used
marker for cancer-associated fibroblasts
(CAFs)13. All these indicated that the irradiated-
fibroblasts were different from the quiescent fi-
broblasts in vivo, and these irradiated-fibroblasts
might have been activated. We hypothesized
whether these irradiated-fibroblasts could elicit
immune responses against tumor. To test this
concept we immunized mice with irradiated-fi-
broblasts; we found that irradiated-fibroblasts
could protect mice from tumor cells challenged
by inducing humoral immune responses. 

Materials and Methods

Animals and Cell Culture 
BALB/c mice, 5 to 7 weeks old, were pur-

chased from the HFK bioscience Co., LTD (Bei-
jing, China). All mice were maintained in a
pathogen-free animal facility for at least 1 week
before each experiment. All studies involving
mice were approved by the Institute’s Animal
Care and Use Committee. CT26 colon carcinoma
(CT26; ATCC) cells were cultured in DMEM
supplemented with 10% heat-inactivated fetal
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bovine serum (FBS) and antibiotics. We prepared
vaccines using proliferative fibroblasts cultured
in vitro, fibroblasts were derived from normal
mouse dermal about two weeks old and digested
2h in 1 mg/mL collagenase I (Gibco, Carlsbad,
CA, USA), and cells were plated in Dulbecco’s
Modified Eagle Medium (DMEM containing
10% heat-inactivated FBS and antibiotics14. Fi-
broblasts were cultured for three passages and ir-
radiated with 25Gy; two hour later these cells
were injected s.c. into immunocompetent histo-
compatible mice.

Western Blotting Analysis
The cells lysates of irradiated-fibroblasts, or

unirradiated-fibroblasts were separated on SDS-
polyacrylamide gels and transferred to a
polyvinylidene fluoride (PVDF) membrane. Af-
ter transfer, the membrane was blocked with 5%
nonfat dry milk in Tris-buffered saline (TBS)
with 0.5% Tween 20 to block nonspecific protein
binding, washed, and probed with interest pro-
teins α-smooth muscle actin (α-SMA) (Abcam,
Carlsbad, CA, USA), calreticulin (Cell Signal-
ing, Beverly, MA, USA), and HMGB1 (Cell Sig-
naling, ref 15) respectively. After several wash-
ing, PVDF membrane was incubated with horse-
radish peroxidase-conjugated secondary antibody
(1: 5,000) in blotting buffer at room temperature
for 2h. Then membranes were washed and pro-
tein antibody complexes were visualized by
chemiluminescent detection using SuperSignal
West Pico Chemilumenescent Substrate (Pierce,
Appleton, WI, USA).

Induction of Protective 
Anti-Tumor Immunity

We immunized Balb/c (n=10 per group) sub-
cutaeous on D0, D14 and D21 with 1.5 × 106 ir-
radiated- fibroblasts, additional control animals
were immunized with unirradiated-fibroblasts
(control group) or normal saline alone (non-im-
munized). One week after the third immuniza-
tion, mice were then challenged with 5 × 105 live
CT26 colon carcinoma. Tumor growth was eval-
uated by measurement of tumor diameters every
3 days and tumor volume was determined by the
following formula: tumor volume (mm3) = 0.52×
length (mm) × width (mm)2.

Purification of Immunoglobulin, 
its Inhibition of Cell Proliferation in vitro

Immunoglobulins were purified from the
pooled sera derived from the mice at day 7 after

the third immunization or from control mice by
affinity chromatography (CM Affi-gel Blue Gel
Kit; Bio-Rad, Hercules, CA, USA). For deter-
mination of the effects of purified immunoglob-
ulins on cell proliferation, exponentially grow-
ing unirradiated-fibroblasts or CT26 tumor cells
(2 × 103 CT26/well in 96-well plates, 1 × 103

unirradiated-fibroblasts/well in 96-well plates)
were exposed to various concentrations (50
µg/ml, 100 µg/ml and 150 µg/ml) of the im-
munoglobulins for 72 h of culture. Cytotoxicity
was determined by 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) as-
say as described.

The Flow Cytometric Analysis
For the flow cytometric analysis, CT26 colon

carcinoma cells were stained by an indirect
method, using serum diluted 1:50, and then goat
fluorescein isothiocyanate (FITC)-conjugated an-
tibody against mouse IgG, IgM or IgA (Sigma,
St Louis, MO, USA). 

Satistical Analysis
SPSS 11.5 was used for statistical analysis.

The statistical significance of results in all of the
experiments was determined by ANOVA and
Student’s t test. Survival curves were compared
using the log-rank test. p < 0.05 was deemed sta-
tistically significant.

Results

The Effects of Ionizing Irradiation on
Exposure of Calreticulin, Release of
HMGB1 and Expression of a-SMA

The fibroblasts which were irradiated by 25Gy
expressed abundant α-SMA; ionizing irradiation
could induce the exposure of calreticulin, and
lead to release of HMGB1 from irradiated-fi-
broblasts; compared to unirradiated-fibroblasts
(Figure 1; lane 1: irradiated-fibroblasts; lane 2:
unirradiated-fibroblasts). All these indicated that
the irradiated-fibroblasts were different from the
normal fibroblasts in vivo; this might be the base
that irradiated-fibroblasts could trigger immune
response against tumor. 

The Delay of Tumor Growth
Mice were immunized with irradiated-fibrob-

lasts on D0, D14 and D21, and then challenged
with CT26 tumor cells. Tumors grew progres-
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Figure 1. The ionizing irradiation exposure calreticulin, re-
leased HMGB1 and expressed α-SMA. The fibroblasts
which were irradiated with 25Gy apparently expressed a-
SMA; the irradiation could lead to the plasma membrane
translocation of CRT, and the releasing of HMGB1, com-
pared to the unirradiated-fibroblasts. Lane 1: irradiated-fi-
broblasts; Lane 2: unirradiated-fibroblasts.

Figure 2. Induction of protective antitumor immunity. a, Mice (10mice/group) were immunized with irradiated-fibroblasts,
unirradiated-fibroblasts, or normal saline alone on D0, D14 and D21. Mice were then challenged subcutaneously with 5 × 105

CT26 one week after the last immunization. There was an apparent difference in tumor volume between immunized and the
control groups (p < 0.01). Results are expressed as mean ± SEM. Apparent increase in lifespan of immunized group, compared
to the control groups was found (b).

ated-fibroblasts, we treated the unirradiated-fibrob-
lasts and CT26 tumor cells with various doses of
purified immunoglobulins isolated from mice im-
munized with irradiated-fibroblasts or unirradiated-
fibroblasts, the immunized immunoglobulins re-
sulted in apparent inhibition of proliferation of
CT26 tumor cells (Figure 3a), and the proliferation
of unirradiated-fibroblasts were only partly inhibit-
ed (Figure 3b); compared to the immunoglobulins
which isolated from control group. 

We stained CT26 tumor cells with sera isolat-
ed from irradiated-fibroblasts immunized mice or
control group mice in flow cytometric analysis.
CT26 tumor cells showed apparent positive stain-
ing for IgG (Figure 4a) and IgM (Figure 4b) of
immunized sera.

Discussion

Cell-based cancer immunotherapy is one ap-
pealing strategy, which is designed to harness
the patients’ own immune system to induce a
potent anti-tumor response. A wide array of
cell-based immunotherapies utilizing T cells,
NK cells, and dendritic cells have been estab-
lished16,17. One key advantage of using cell-
based vaccines is the convenience that tumor
antigens do not have to be well defined. In addi-
tion, more potentially tumor antigens may be
covered with this approach18.

Our experimental data demonstrate that the ir-
radiated-fibroblasts can serve as a vaccine for
cancer immunotherapy. The vaccine could pro-

sively in all control group mice, but there was an
apparent protection from tumor onset and growth
in mice immunized with irradiated-fibroblasts
(Figure 2a). Furthermore, the lifespan of immu-
nized mice was apparently prolonged compared
with control mice (Figure 2b). The form-tumor
rate of immunized group was 70 percent; the
form-tumor rate of control group and non-immu-
nized group was 100 percent. 

Characterizations of Auto-Antibodies
In an attempt to explore the possible mechanism

by which antitumor activity was elicited by irradi-
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Figure 3. Inhibition of immunoglobulins-mediated cells’ proliferation in vitro. Exponentially growing CT26 tumor cells (a)
and unirradiated-fibroblasts (b) were treated with various concentrations of purified immunoglobulins from immunized or con-
trol sera. The immunized immunoglobulins resulted in apparent inhibition of proliferation of CT26 tumor cells, and the prolifer-
ation of unirradiated-fibroblasts were partly inhibited; compared to the immunoglobulins which isolated from control group.

Figure 4. Identification of auto-antibodies which elicited by irradiated-fibroblasts. Cells were stained by an indirect method us-
ing 1:50 diluted sera and then FITC-goat anti-mouse IgG and IgM in flow cytometric analysis. CT26 tumor cells showed appar-
ently positive staining for IgG (a) and IgM (b) of immunized sera, compared to only partly positive staining for control sera. 
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tect host from tumor onset, growth and prolong-
ing survival of tumor-bearing mice in CT26 tu-
mor models. Irradiated-fibroblasts could induce
tumor-specific humoral immune responses, and
some auto-antibodies in the immunized sera
could react with CT26 tumor cells. 

In normal cells, calreticulin (CRT) is a calci-
um-binding protein found predominantly in the
endoplasmic reticulum, where it acts as a chaper-
one aiding proper folding of other proteins19. In
line with previous studies that calreticulin can
serve as an “eat me” signal when it is exposed on
the cell surface of dying cells20. CRT also has ad-
juvant properties, the chimeric constructs encod-
ing CRT and tumor antigens delivered with a vi-
ral vector21 is more immunogenic than the tumor
antigen alone; and CRT purified from tumors can
elicit tumor-specific immunity22. CRT exposure
is known to be induced by ultraviolet-C (UVC)
light or γ-irradiation, and critical for the immuno-
genicity of cell death23,24.

Radiation can increase the immunogenic
properties of tumor cells by enhancing MHC
class I expression25, thereby increasing their
vulnerability to CTLs. In response to ionizing,
fibroblasts undergo immunogenic apoptosis,
meaning that they could trigger a protective im-
mune response when they are injected subcuta-
neously into immunocompetent mice. Dying
cells can release adjuvant factors that amplify
and sustain dendritic cell (DC) and T-cell-
dependent immune responses26,27. The damage-
associated molecular patterns (DAMP) released
by dying tumor cells on chemotherapy or radio-
therapy-induced distress has been identified as
high-mobility group box 1 protein (HMGB1), a
nuclear protein that is released passively during
necrosis and actively during late-stage apopto-
sis28. HMGB1 is a critical mediator for the
TLR4-dependent processing of exogenous tu-
mor antigens by DCs29. HMGB1 can also act as
chemotactic and/or activating factors for
macrophages, neutrophils, and DCs30. 

Conclusions

Based on our findings mentioned above, we
may rule out the possibility that antitumor activi-
ty of irradiated-fibroblasts may result from the
nonspecifically augmented immune response
against the tumor initiation and growth in host
mice.
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