PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com  www.wjgnet.com

World J Gastroenterol 2004;10(3):361-365
World Journal of Gastroenterology
Copyright ©2004 by The WJG Press ISSN 1007-9327

e LIVER CANCER e

Purification of heat shock protein 70-associated tumor peptides
and its antitumor immunity on hepatoma in mice

Dai-Xiong Chen, Yan-Rong Su, Gen-Ze Shao, Zhen-Chao Qian

Dai-Xiong Chen, Key Laboratory of Cell Engineering of Guizhou
Province, Affiliated Hospital of Zunyi Medical College, Zunyi
563003, Guizhou Province, China

Yan-Rong Su, Gen-Ze Shao, Department of Pathophysiology and
Department of Biochemistry, Shantou University Medical College,
Shantou 515031, Guandon Province, China

Zhen-Chao Qian, Research Center of Cancer Biotherapy, Institute
of Cancer Research, Dalian Medical University, Dalian 116027,
Lianing Province, China

Supported by the National Natural Science Foundation of China,
N0.3973440-I1

Correspondenceto: Professor Dai-Xiong Chen, Key Laboratory of
Cell Engineering of Guizhou Province, Affiliated Hospital of Zunyi
Medical College, Dalian Road, Zunyi 563003, Guizhou Province,
China. cellgene@163.com

Telephone: +86-852-8608812 Fax: +86-852-8638630
Received: 2003-03-12 Accepted: 2003-06-02

Abstract

AlM: To purify the heat shock protein (HSP) 70-associated
tumor peptides and to observe its non-MHC-I molecule
restrictive antitumor effect.

METHODS: By ConA-sepharose affinity chromatography,
ADP-agarose affinity chromatography, and DEAE anion
exchange chromatography, we were able to purify HSP70-
associated peptides from mouse hepatoma (HCaF) cells
treated in heat shock at 42 °C. Specific active immunization
and adoptive cellular immunization assay were adopted to
observe the immunoprotective effect elicited by HSP70-
associated peptide complexes isolated from HcaF.

RESULTS: The finally purified HSP-associated peptides had
a very high purity and specificity found by SDS-PAGE and
Western blot. Mice immunized with HSP70-associated peptide
complexes purified from HCaF cells were protected from
HCaF living cell challenge. This effect was dose dependent.
Adoptive immunization of immune spleen cells of mice
immunized with HSP70-associated peptide complexes could
elicit immunity against HCaF challenge, and the tumor-free
mice could resist repeated challenges. This effect could be
continuously enhanced by repeated challenge with HCaF
living cells. The tumor-free mice could tolerate the challenge
for as high as 1x107 HCaF cells. The mice immunized once
with spleen cells pulsed with HSP70-associated peptide
complexes in vitro could also result in a certain adoptive
immunity against HCaF.

CONCLUSION: High purity and specificity of HSP70-
associated peptides could be achieved from tumor cells
by the low-pressure affinity chromatography method
used in this study. HSP70-associated peptide complexes
derived from the HCaF can elicit non-MHC-1 molecule
restrictive immunoprotective effect against HCaF. This
effect can be transferred by adoptive immunization to
mice and enhanced by repeated challenge with HCaF
live cells.
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INTRODUCTION

Heat shock proteins (HSPs) are molecular chaperones which
are emerging as biochemical regulators of cell growth,
apoptosis, protein homeostasis and cellular targets of peptides.
Numerous studies have demonstrated that HSP70 preparations
derived from atumor can elicit cancer-specific immunity
against the same tumor by virtue of their ability to bind tumor-
specific peptides™™. Further studies indicated that tumor
immunity elicited by immunization with HSP peptide
complexes, including HSP70 and gp96 family, ismediated by
CD8" T lymphocytes, and its mechanism involvesMHC-I class
molecule restricted response which isrequired to channel the
peptidesinto class | presentation pathway!®?. In this study,
we isolated successfully HSP70-associated peptides from
mouse hepatoma HCaF by low-pressure chromatography
system and investigated the non-MHC-I class molecule
restrictive anti-tumor immunity elicited by purified HSP70
associated peptide complexes.

MATERIALS AND METHODS

Materials

Animalsand tumor strain BALB/c mice (H-29), weighing
18-20 g, were purchased from Xipuerbikai Experimental
Animal Ltd, Shanghai, China. Mouse hepatoma HCaF(non-
MHC-I class molecule expression) was obtained from Cancer
Institute, Dalian Medical University, China.

Reagents ConA-sepharose was purchased from Pharmacia
Inc. ADP, ADP-agarose from Sigma Corp. Macro-Pre DEAE
support, Macro-Prep High Q from Bio-Rad Corp. Low-
molecule weight standard protein and 1gG of goat anti-mouse
labeled with horseradish peroxidase from B.M Corp,
RPM 11640 and new born bovine serum from GIBCO Corp,
and anti-HSP70 M cAb(mouse anti-mouse) from Wuhan Boster
Corp. All other reagents used were of analytic grade.

Methods

Purification of HSP70-associated peptides The ascites of
mice which had been inoculated intraperitoneally with HCaF
cellsfor 6-7 days were used. HCaF cells were washed three
timesin PBS, and then suspended in RPM 11640 complete
medium with water immersion at 42 °C for 12 hours. The HCaF
cell pellets harvested were homogenized in hypotonic buffer
(10 mM NaHCO;, 0.5 mM PMSF, pH7.1) and centrifuged at
100 000xg for 90 minat 4 °C, and the supernatant was collected.
The supernatant concentrated by PEG(MW®600) was applied
to a ConA-sepharose column in the presence of ConA-sepharose
bound buffer C (20 mM Tris-acetate, pH 7.5, 0.5 mM NaCl,
2 mM CaCl,, 2 mM MgCl,, 15 mM 2 ME, 0.5 mM PMSF),
and fluid was collected at a flow rate of 12 ml /h, that wasthe
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ConA-sepharose unbound protein. The fraction was dialyzed
against buffer D (20 mM Tris-acetate, pH7.5, 20 mM NaCl,
3 mM MgCl,, 15 mM 2ME, 0.5 mM PMSF) overnight at 4 C.
The sample was applied to an ADP-agarose column equilibrated
previoudy with buffer D at aflow rate of 12 mi/h. The proteins
were eluted by buffer D containing 0.5M NaCl and buffer D
until the protein was not detected by Bradford method. The
column was eluted by 25 ml buffer D containing 3 mM ADP.
The harvested elute was concentrated and dialyzed against
DEAE ion-exchange buffer A (20 mM NaPO,, 20 mM NaCl,
pH7.2). The samplewas applied on aDEAE column equilibrated
with buffer A a aflow rate of 10 mi/h. After buffer A equilibrium
for 30 min, the target protein was eluted at alinear gradient of
20 mM-1000 mM NaCl in buffer A (20 mM NaPO,, 1M NaCl,
pH?7.0, ranging from 0%-100%). Various fractions harvested
weredetected with SDS-PAGE and silver saining. Thefractions
of HSP70 protein were collected, pooled and dried with freeze-
drying, and stored at -20 ‘C until further use.

I dentification of HSP70-associated tumor peptides HSP70
proteins were resolved on 10% SDS-PAG, subjected to
electrophoresis, detected by silver staining, and blotted using
mADb specific for HSP70. Manipulation of SDS-PAGE and
Western blot were performed according to the method
described by Sambrook et all*¥l. The protein content was
determined by Bradford standard curve method*2.
Activeimmunization assays BALB/c mice wereimmunized
subcutaneouly with HSP70-associated peptide complexes,
supernatant from homogenate of HCaF cells treated with heat
shock (S-HCaF), supernatant from homogenate of liver cells
treated with heat shock (S-HC), and PBS twice at weekly
intervals separately and challenged by subcutaneous injection
of the indicated number of HCaF living cells (5x10* cellsin
100 m PBS) one week after the last immunization.
Adoptiveimmunopr otection experiment BALB/c micewere
immunized with tail vein injection of immune spleen cells (1SC,
1x107 cellsin 200 m PBS) of mice immunized with HSP70-
associated peptides and free of tumor, twice at 5 daysintervals,
and challenged subcutaneouly by 5x10* HCaF living cellsin
100 m PBS 3 days after the last immunization. The mice with
complete protection were challenged by 1x10° HCaF living
cells again 50 days after the first challenge. The mice which
tolerated the second HCaF challenge, were challenged by 1x10”
HCaF living cellsagain. In another experiment, the mice were
immunized by tail vein injection of spleen cells (1x107 cellsin
200 m PBS) pulsed with HSP70-associated peptidesin vitro
and challenged subcutaneouly by 5x10* HCaF living cellsin
100 m PBS 3 days after immunization. Corresponding control
groups were set in above experiment.

Statistical analysis

Values were expressed as mean+SD or percent (%). The data
were analyzed with SPSS 8.0 software package. The results
were considered statistically significant when P<0.05.

RESULTS

Purity and specificity of HSP70-associated peptides
Purified HSP70-associated peptides showed one was bond
on SDS-PAGE (Figure 1). Western blotting showed that
molecular weight of HSP70-associated peptides purified from
HCaF was about 70KD, which was consistent with the
expected maker (Figure 2). The resultsindicated that HSP70-
associated peptide complexesisolated from HCaF had avery
high purity and specificity.

Active immunoprotective effect of HSP70-associated peptides
derived from HCaF
As shown in Figure 3 and Table 1, different degrees of

immunoprotection against HCaF challenge could be elicited
by immunization with HCaF-70 associated peptide complexes
derived from HCaF. The effect on female groups was much
better than that on male groups. This effect was dose-dependent.
In the femal e groups, mice immunized with 600 my/kg HSP70-
associated peptides showed better protection than those
immunized with 300 ng/kg HSP70-associated peptides. The
surviva rate of the two groupswas 83.3% and 60%, repectively.
The female mice immunized with S-HCaF also could result in
a certain extent of protective effect against HCaF challenge,
and the survival rate and mean survival time of tumor-bearing
mice had significant differences from S-HC and PBS control
groups (P<0.01).

Figure 1 SDS-PAGE analysis of HSP70-tumor peptide com-
plexes (silver staining). M: protein molecular weight marker,
1: protein eluted with 250-350 mmol/L NaCl buffer, after ADP-
agarose chromatography (eluted with 0.5 mol/L NaCl buffer,
PH?7.5, containing 20 mmol/L Tris-acetate) and DEAE-ion
exchange, 2-4: protein eluted with 250-350 mmol/L NaCl
buffer, after ADP-agarose chromatography (eluted with 3 mmol
ADP/L buffer, pH7.5, containing 20 mmol/L Tris-acetate) and
DEAE-ion exchange.
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Figure 2 Western blot identification of HSP70-tumor peptide
complexes purified from HCaF cells. The notes are the same
with Figure 1.

n=6
100 20
80
~ 801 o
R
(=)
2 60L
o
S 40l
S
>
wn 20+
p710 p10 < @] S
(300\;\‘%3’\@2600\;\‘%3’\@) %’Q\Q’b 2 ¥

Figure 3 Immunoprotective effect of HSP70-associated pep-
tides against tumor.
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Table 1 Comparison of survival time of tumor-bearing mice after immunized by HSP70-peptide complexes

Groups Sex No. of tumor-bearing/ Survival days of tumor- Extended survival
No. of mice challenged bearing (meantSD) rate (%)
HSP70 300 ng/kg Female 2/6 48.0+8.5* 67.4>
Male 6/6 31.0£13.2 49.7°
600 ng/kg Female 1/6 33
Male 6/6 30.7£12.7 48.4°
S-HCaF Female 5/6 59.2+10.0° 106.5
Male 6/6 20.3+0.9 -2.0
S-HC Female 6/6 24.045.8 -16.3
Male 6/6 18.5+0.6 -10.5
PBS Female 6/6 28.7+11.6
Male 6/6 20.746.1

3P<0.05, vs PBS; PP<0.01, vs PBS; °P<0.01, vs S-HC; 9P<0.05, vs S-HC.

MST of experimental group - MST of control group

Extended survival rate = x 100%

MST of control group

Table 2 Comparison of tumor growth in mice immunized with HSP70-peptide complexes

10 days after HCaf challenge 15 days after HCaF challenge

Groups Sex No. of tumor-
bearing mice Size of Inhibition Size of Inhibition
tumor (mm?®) rate (%) tumor (mmd) rate (%)
HSP70 300 ng/kg Female 2 0.88v¢ 97.0% 6.66°4 98.5%
Male 6 61.98° 80.2° 384.77° 83.20¢
600 mg/kg Female 1 0.45 98.4 5.74
Male 6 64.49° 79.4v 515.10° 77.6°
S-HCaF Female 5 3.09p¢ 89.20¢ 10.21¢ 97.7°¢
Male 6 24,27 92.2vd 501.55° 78.2b
S-HC Female 6 30.00 -4.5 402.17 8.2
Male 6 204.89 345 1554.30 32.3
PBS Female 6 28.70 438.17
Male 6 312.83 2 295.52
2P<0.05, vs PBS; ®P<0.01, vs PBS; °P<0.01, vs S-HC; 9P<0.05, vs S-HC.
Tumor size of experimental group
Inhibition rate (%)=1- x100%
Tumor size of control group(PBS)
Table 3 Comparison of tumor weight and spleen weight after tumor-bearing mice death (mean+SD)
Female Male
Groups No. of tumor- Tumor Spleen No. of tumor- Tumor Spleen
bearing mice wt. (g) wt. (g) bearing mice wt. (g) wt. (g)
HSP70 300 ng/kg 2 14.4046.22"c¢ 0.93+0.18bd 6 7.06+2.59 0.1940.04
600 my/kg 1 6.5 0.4 6 7.51+2.33 0.2040.11
S-HCaF 6 8.68+1.65% 0.53+0.22%¢ 6 5.06+0.71 0.24+0.10
S-HC 5 4.72+1.65 0.17+0.08 6 4.98+1.04 0.14+0.02
PBS 6 6.78+1.34 0.25+0.06 6 6.30+2.18 0.12+0.07

2P<0.05, vs S-HC; PP<0.01, vs S-HC; °P<0.05, vs S-HCaF; 9P<0.01, vs S-HCaF; ¢P<0.01, vs PBS.

Table 4 Adoptive immunoprotective effect against HCaF challenge elicited by ISC transfer

Survival rate (%)

Survival days of

Extended

Tumor wt. (g)

Spleen wt.(g)

Group (No. of death/No. tumor-bearing survival rate (%) (meanSD) (meantSD)
of mice challenged) mice (meanSD)

ISC 75 (2/8)* 50.549.2° 71.0° 14.92+0.42°¢ 0.39+0.01°¢

SC 0(8/8) 36.8+12.9 24.6 7.73%2.14 0.18+0.05

Chal. control 0(8/8) 29.543.9 0 7.35+1.16 0.2140.05

2P<0.05, vs chal. Control; ®°P<0.01, vs chal. Control; °P<0.01, vs SC.
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On the 10th day and 15th day after HCaF challenge, the
tumor volume of tumor-bearing micein both HSP70-associated
peptides and S-HCaF groups was apparently smaller than that
in S-HC and PBS groups (Table 2). In females, tumor weight
and spleen weight of dead mice in both HSP70-associated
peptides and S-HCaF groups were significantly larger than
thosein S-HC and PBS groups (Table 3).

Adoptive immunprotective effect
Adoptively transferred immune spleen cells of mice, which
had been immuni zed with HSP70-associated peptides and were
free of tumor, could provoke immunoprotection against HCaF
challenge. The survival rate of | SC-immunized mice was 75%,
and the mean survival time of tumor-bearing mice was
significantly prolonged compared with both non-immune
spleen cells (SC) group and challenge control (Table 4).

The mice which tolerated HCaF challenge were challenged
by 1x10° HCaF living cells, and the survival rate was 83.3%,
while al of the challenge controls died within 27.5 days. The
mice which tolerated the second challenge could tolerate
repeated challenges for as high as 1x107 HCaF living cells,
while all the challenge controls died within 22 days (Figure 4).

The mice immunized once with spleen cells pulsed with
HSP70-associated peptidesin vitro could lead to acertain extent
of protection against HCaF challenge. Although the survival
rate of mice was only 20%, the mean survival time of tumor-
bearing mice was 42 days, all the mice treated with S-HCaF,
SHC, SCor PBS died within 33 days.
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Figure 4 Protective effect of transferred immune spleen cells
against repeated challenges with HCaF. — A-A X-X First,
second, and third challenge controls. ®-® Transferred immune
spleen cell group.

DISCUSSION

Intracellular HSP70 isvery low in content of cellsand makes
up approximately 0.01% of the cell wet weight. At present,
ConA-sepharose affinity chromatography or ADP-agarose
affinity chromatography in combination with fast proteinliquid
chromatography!***4 has been the typical method for purifying
HSP70. The recovery of HSP70 isolated by the above methods
was lower than 50 mg /L cell pellet!. The purification protocol
used in our experiment resulted in arelatively high recovery
compared with the traditional method of HSP70 purification,
being for 50-100 mg /L wet weight of cell pellet. This
purification method might be used as a universal technique
due to its easy and reproducible isolation of antigenic HSP
from other tissues of different sources.

Numerous investigations have shown that HSP itself had
no antigenicity and itsimmunogenicity has been attributed to
the peptide chaperoned carried by itselfl*4, In this experiment,
tumor rejection assay demonstrated that HSP70 purified from
HCaF could dicit tumor immunity. Wetherefore conclude that
purified HSP70 identified by both SDS-PAGE and Western

blot should be regarded as HSP70-associated tumor peptides.

Our experiment indicated that HSP70-associated peptides
derived from HCaF could €licit anti-tumor immunity. Mice
immunized with 600 ng/kg HSP70-associated peptides showed
better protection than those immunized with 300 ng/kg. This
effect was dose-dependent, and was consistent with other
reports?. Inthis study, we found the transferred immune spleen
cells of mice immunized with HSP70-associated peptide
complexes could dicit immunity against HCaF challenge, and
the tumor-free mice could resist repeated HCaF challenges.
This effect could be continuously enhanced by repeated
challenges with HCaF living cells. The mice so treated could
tolerate achallenge for ashigh as 1x10” HCaF cells. Our results
demonstrated that adoptively transferred immune spleen cells
immunized with HSP70-associated tumor peptides could result
in immunoprotection against the same tumor. This evidence
indicatesthat anti-tumor immunity elicited by HSP70-associated
peptides has a considerabl e stability of immunoprotection and
specific immunologic memory.

It has been generally believed that tumor immunity elicited
by immunization with exogenous HSP70-peptide complexes
is mediated by antigen-presenting cells and presented by
MHC class | molecules>?4, It isworth pointing out that the
tumor model of HCaF used in our experiment did not express
MHC class| molecule protein. Therefore, thetumor immunity
elicited by HSP70-associated peptides derived from HCaF
might not be mediated by CD8* CTL. Several studies have
shown that HSP70-associated peptides could directly activate
gd *T lymphocytes or nature killer cells as superantigen
without being dependent on the stimulation of MHC-laand |
b class moleculed?. |t is possible that HSP70-associated
peptides derived from HCaF can elicit antitumor immunity
in asimilar manner.

In addition, we found that the supernatants of HCaF cell
homogenate could also result in a certain tumor immunity.
This effect might be related to the expression of HSP in HCaF
cellsinduced by heat shock.

Compared spleen weight of tumor-bearing micein various
groups, the mean spleen weight of tumor-bearing mice in
HSP70-associated peptide complexes group was significantly
higher than that in the controls. Our results further showed
that adoptively transferred spleen cells pulsed with purified
HSP70-associated peptides could also provoke a certain
protection against HCaF challenge. These resultsindicated that
spleen cells might play an important role in tumor immunity
mediated by HSP70-associated peptides.

Itisof great interest to note that the protective effect in the
female mice immunized with HSP70-associated peptide
complexeswas significantly better than that in the male group.
The difference may be associated with estrogens, its mechanisms
remain to be explored further.
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