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Abstract

AIM  To prepare the conjugate of staphy
lococcal enterotoxin A (SEA) protein which is a
bacterial SAg and the F(ab’)2 fragment of mAb
HAb18 against human hepatocellular carcinoma
(HCC), and identify its activity in order to use
SAg in the targeting therapy of HCC.
METHODS  MAb HAb18 was extracted from the
abdominal dropsy of Balb/c mice, and was
purified through chromatography column SP
40HR with Fast protein liquid chromatography
(FPLC) system. The F(ab’)2 fragment of mAb
HAb18 was prepared by papainic digestion
method. The conjugate of mAb HAb18 F(ab’)2

fragment and SEA was prepared with chemical
conjugating reagent N succinimidyl 3
(2pyridyldithio) propionate (SPDP) and purified
through chromatography column Superose 12
with FPLC system. The molecular mass and
purity of each collected peak were identified with
SDS-PAGE assay. The protein content was
assayed by Lowry’s method. The antibody
activity of HAb18 F(ab’)2 against HCC in the
conjugate was ident i f ied by indirect
immunocytochemical ABC method, and the
activity of SEA in the conjugate to activate
peripheral blood mononuclear cells (PBMC) was
identified with MTT assay.
RESULTS  The IgG mAb HAb18 was extracted,
and purified successfully. Immunocytochemical

staining demonstrated that it reacted with most
of HHCC cells of human HCC cell line. There were
two peaks in the process of purification of the
prepared HAb18 F(ab’)2 SEA conjugate. SDS-
PAGE assay demonstrated that the molecular
mass of the first peak was about 130 ku, and
the second peak was the mixture of about 45
ku and a l i t t le  100 ku proteins.  The
immunocytochemical staining was similar in
HAb18 F(ab’) 2 SEA conjugate and HAb18 F(ab’)

2, i.e.the cytoplasm and/or cell membranes of
most HHCC cells were positively stained. The
MTT assay showed that the optical absorbance
(A) value at 490 nm of HAb18 F(ab’)2 SEA
conjugate was 0.182 ± 0.012, that of negative
control was 0.033 ± 0.009, and there was
significant difference between them (P<0.05).
CONCLUSION   SPDP is a good protein
conjugating reagent and can be used in
preparing protein conjugate. The conjugate of
mAb HAb18 F(ab’) 2 fragment and SEA protein
was prepared successfully in present study and
can be used in the experimental study of HCC
targeting therapy with the conjugate of SAg
and anti HCC mAbs or their fragments.

INTRODUCTION
Superantigen (SAg) is a group of proteins which
can conjugate with some Vβ fragments of the α
or β region of T lymphocytic receptor (TcR) when
submitted by major histocompatibility complex
(MHC) II   molecules .  SAg can act ivate  T
lymphocytes efficiently and make them release a
lot of cytokines[1-5]. SAg has great potential anti-
tumor effect, but single SAg has some severe side
effects  to  normal  cel ls  expressing MHCII
molecules[6]. Using the conjugates of SAg and
anti-tumor monoclonal antibody (mAb) or their
fusion proteins to treat tumor is a focus in tumor
targeting therapy research currently[7-21]. There
has been no report about anti-hepatoma with mAb-
SAg conjugate until now. The conjugate of SAg -
Staphylococcal enterotoxin- A (SEA) and the F
(ab’)2 fragment of mAb HAb18 against human
hepatocellular carcinoma (HCC) was prepared
with heterotype bifunctional conjugating reagent N-
succinimidyl-3-(2-pyridyldithio) propionate

Department of Pathology, Fourth Military Medical University, Xi£§an
710032, Shaanxi Province, China
Dr. Lian Jun Yang, graduated from the Fourth Military Medical University
as a Bachelor of Medicine in 1993, as a Master of Medicine in 1998,
and as a M.D. in 2001. Now he is a lecturer in the Fourth Military
Medical University, majoring the molecular pathology of tumors.
Supported by the National 863 Project of China, No.102-09-01-02
and National Natural Science Foundation of China, No.39770827
Correspondence to:  Dr. Lian Jun Yang, Department of Pathology,
Fourth Military Medical University, Xi£§an 710032, Shaanxi Province,
China
Tel. 0086-29-3374541 Ext.115
Email. yangsi@sina.com
Received 2000-11-15    Accepted 2000-11-30



(SPDP), and the activities of the F(ab’)2 fragment of
mAb HAb18 against HCC and SEA’s activating
peripheral blood mononuclear cells (PBMC) in the
conjugate of HAb18 F(ab’)2 and SEA was identified
in this study, laying an experimental base for the
research of HCC targeting therapy with mAb-SAg
conjugate.

MATERIALS AND METHODS
Cells, animals and main reagents
The hybridoma cells which secrete mAb HAb18 against
HCC-associated antigens was established by our
department[22]. This hybridoma was prepared by taking
the cell suspension of some fresh human HCC tissue as
antigen, and the cells were fused according to normal
procedures for mAb preparation. Human HCC cell line
HHCC was purchased from Shanghai Institute of Cell
Biology, Chinese Academy of Sciences (Shanghai,
China). Balb/c mice (body weight of 20 g-25 g) that
were used to prepare the abdominal dropsy of mAb
HAb18 were provided by the Experimental Animals
Center of our university. Papain, mitosis promoter PHA,
Methabenzthiazuron (MTT) and dithiothreitol (DTT)
were the products of Serva Co. (USA). SPDP was
synthesized and kindly provided by Prof. Wen Xue Wang,
Department of Toxicology of our university. SEA protein
and rabbit mAb against the F(ab’)2 fragment of mouse
IgG were purchased from the Academy of Military
Medical Sciences (Beijing, China). Immunohistochemical
ABC kit was the product of Vector Laboratories Inc.
(USA). Dimethyl benzidine (DAB) and dimethyl
sulfoxide (DMSO) were the products of Sigma Chemical
Co. (USA).

Extract of mAb HAb18 and preparation of its F
(ab’)2 fragment
Extract and purification of mAb HAb18  The
hybridoma cells which secrete mAb HAb18 (its
immunoglobulin type is IgG), was cloned and selected
again. The abdominal dropsy of the antibody was
prepared by injecting 1 × 106 hybridoma cells into the
cavum abdominis of every Balb/c mouse and collected
at the aseptic environment. After pretreated with 0.01
mol·L-1  phosphate-buffered saline (PBS) (pH 7.5), the
collected abdominal dropsy was purified through
chromatography column SP-40HR (column volume was
2 cm × 18 cm, and velocity of flow was 10 mL·min-1)
with Fast protein liquid chromatography (FPLC) system
(Waters 650E, Waters Co., USA), and the IgG part was
collected. Then 227 g·L-1 solid ammonia sulfate was
added at 4 , agitated for 15-20 min, stood at 4  for
more than 1 h, and centrifuged at 1 500 rpm for 5 min.
The supernatant was aborted, while the deposit was
dissolved in 0.01 mol·L-1 PBS (pH 7.4) and dialyzed
with the same buffer for 12 h-20 h.

Identification of mAb HAb18 The antibody

specialty of mAb HAb18 was identified by normal
immunocytochemical ABC method. The procedures
were as follows:  HHCC cells were cultured in 6-
well culture plates which contained some coverslips in
RPMI1640 medium containing 150 mL·L-1 new born
bovine serum at 37  until the cells grew into log phase;

 the cells were fixed in 950 mL·L-1 ethanol for 15
min;  7.5mL·L-1 H2O2 was added and incubated at 37

 for 10 min;  normal sheep serum was added  and
incubated at 37  for 30 min;  MAb HAb18 was
added, while PBS was used as negative control, and
incubated at 37  for 1h;  biotin-labeled sheep anti-
mouse IgG mAb was added and incubated at 37  for
30 min; ABC complex was added and incubated at
37  for 30 min;  the color was developed with DAB
for 10-20 min;   the slides were counterstained with
hematoxylin, dehydrated, cleared and mounted.

Preparation of the F(ab’)2 fragment of mAb HAb18
The F(ab’)2 fragment of mAb HAb18 was prepared
by papainic digestion method. The procedures were:

MAb HAb18 was dialyzed with 1 mol·L-1
NaAc (pH 5.5) for 12 h;  papain was dissolved
in NaAc buffer containing 3 mol·L-1 EDTA and 2
mol·L-1 DTT;  the dissolved papain whose mass
was about 5% of the pre-digested mAb, was added
into the mAb solution and incubated at 37  for 10
h;  the same concentration of papain was added
again and incubated at 37  for 10 h-12 h;  2
mmol·L-1 iodinate acetamide was added to
terminate the reaction;  at last, the proteins were
dialyzed with 0.01 mol·L-1 phosphate buffer (PB)
(pH 7.5).

Preparation and purification of HAb18 F(ab’)2-SEA
conjugate
SEA protein and mAb HAb18 F(ab’)2 purified
through chromatography column with FPLC were
respectively dissolved and dialyzed in 0.1 mol·L-1
PB (pH 7.5, containing 0.1 mol·L-1 NaCl). Then
they reacted with SPDP, which was dissolved in
DMSO and whose molecular value was twice that
of HAb18 F(ab’)2 or SEA protein, for 30 min. SEA
was dialyzed again in 0.1 mol·L-1 PB (pH 7.5,
containing 0.1 mol·L-1 NaCl), and HAb18 F(ab’)2

was dialyzed again in 0.1 mol·L-1 PB (pH 4.6,
containing 0.1 mol·L-1 NaCl). DTT whose final
concentration was 50 m mol·L-1 was added into
HAb18 F(ab’)2. Thirty min later, they were dialyzed
in 0.1 mol·L -1 PBS (pH 7.5) in nitrogenous
environment and at room temperature. Finally, the
complex of SPDP and SEA was mixed with the
reductive complex of HAb18 F(ab’)2 and SPDP, and
they were stirred for 24 h. The conjugate was purified
through chromatography Superose 12 column (column
volume was 1 cm × 65 cm, and velocity of flow was
0.2 mL·min-1) with FPLC system. The molecular
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mass and purity of the protein of each collected peak
were identified with SDS-PAGE assay (the concentration
of separation gel was 120 g·L-1). The protein content
was assayed by Lowry’s method.

Identification of the activity of HAb18 F(ab’)2 in
the conjugate
The antibody specialty of HAb18 F(ab’)2-SEA
conjugate against HCC was identified by indirect
immunocytochemical ABC method. The procedures
were:  HHCC cells were cultured in 6-well culture
plates which contained some coverslips in
RPMI1640 medium containing 150 mL·L-1 new born
bovine serum at 37  until the cells grew into log
phase;  the cells were fixed in 950 mL·L-1 ethanol
for 15 min;  7.5 mL·L-1 H2O2 was added and
incubated at 37  for 10 min;  normal sheep serum
was added and incubated at 37  for 30 min; 
HAb18 F(ab’)2-SEA conjugate was added, while
HAb18 F(ab’)2 and PBS was respectively used as
positive and negative controls, and incubated at 37

 for 1 h;   rabbit anti-mouse IgG F(ab’)2 mAb
was added and incubated at 37  for 30 min; 
biotin-labeled sheep anti-rabbit IgG mAb was added
and incubated at 37  for 30 min;  ABC complex
was added and incubated at 37  for 30 min;  the
color was developed with DAB for 10-20 min; 
the slides were counterstained with hematoxylin,
dehydrated, cleared and mounted.

Identification of the activity of SEA in the
conjugate to activate PBMC
PBMC was extracted from fresh human peripheral
blood that had been treated with anticoagulant reagent
heparin by Ficoll’s density gradient centrifugation
method, and 2 × 105·well-1 PBMC were added into 96-
well flat-bottom culture plates. Then 0.1 mg·L-1 HAb18
F(ab’)2-SEA conjugate was added, while RPMI1640
medium containing 150 mL·L-1 new born bovine
serum was used as negative control, 0.1 g·L-1 PHA and
0.02 g·L-1 SEA as positive controls. Six wells were
used for each group of cells. They were cultured in
CO2 incubator at 37  for 60 h, then MTT (2 g·L-1,
50 µL·well-1) was added and incubated continually at
37  for 4 h. The medium was centrifuged and
discarded, and 100 µL·well-1 DMSO was added. The
culture plate was shaken for 10 min and the optical
absorbance (A) value at 490 nm was detected with
Bio-Rad ELISA instrument. The obtained data was
statistically analyzed with Student’s t test.

RESULTS
Extract and identification of mAb HAb18
After dialyzed, the abdominal dropsy of IgG mAb
H A b 1 8  w a s  p u r i f i e d  s u c c e s s f u l l y  w i t h
chromatography column SP-40HR (Figure 1).
Immunocytochemical staining showed that the

positive signal was brown, and located mainly
wi th in  the  cy top la sm and /o r  on  the  ce l l
membranes. Most of the HHCC cells were positive.
There was no detectable positive signal in negative
control.

Figure 1  Chromatography for the purification of mAb HAb18.

Purification of HAb18 F(ab’)2-SEA conjugate
There were two peaks in the process of purification
and elution of the prepared HAb18 F(ab’)2-SEA
conjugate (Figure 2). SDS-PAGE assay demonstrated
that the relative molecular mass of the first peak was
about Mr. 130 and it was HAb18 F(ab’)2-SEA
conjugate. The second peak was the complex of Fab
whose relative molecular mass was about 45 and a
little F(ab’)2 whose relative molecular mass was about
100 (Figure 3).

Figure 2  Chromatography for the purification of HAb18 F(ab’)2

SEA conjugate.

Figure 3  SDS-PAGE assay of the relative molecular mass of
purified HAb18 F(ab’)2-SEA conjugate.
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Identification of antibody activity of HAb18 F(ab’)
2-SEA conjugate
The result of immunocytochemical staining was
similar in HAb18 F(ab’)2-SEA conjugate and HAb18
F(ab’)2, i.e., the cytoplasm and/or cell membranes of
most HHCC cells were positively stained, and no
detectable positive signal was found in negative control
(Figure 4).

Figure 4  Distribution of HAb18 F(ab’)2 SEA conjugate in  human
hepatoma HHCC cells. ABC, ×400

Experimental observation on HAb18 F(ab’)2-SEA
conjugate activating  PBMC
The result of MTT assay showed that the A value
at 490 nm of HAb18 F(ab’)2-SEA conjugate was
0.182 ± 0.012, those of PHA and SEA were
respectively 0.112 ± 0.012 and 0.291 ± 0.032, that
of negative control was 0.033 ± 0.009. The data of
HAb18 F(ab’)2 SEA conjugate, PHA and SEA were
all significantly higher than that of negative control
(P<0.05, Figure 5).

Figure 5  The MTT assay result of HAb18 F(ab’)2-SEA conjugate
stimulating PBMC to proliferate.

DISCUSSION
HCC is a common malignant tumor, and there has
been no effective treatment up to date[23,24].
Besides the 3 conventional therapeutics, i.e.,
surgical operation, chemotherapy and radiotherapy,
targeting diagnosis and therapy of HCC with anti-

HCC mAb have been studied extensively, giving a
hopeful prospect to HCC treatment[25-36]. Targeting
therapy is a common means of tumor immunotherapy,
and is called “biological missile”[37-47]. The “warheads”
of” “biological missiles” are usually radioactive nuclides,
chemotherapeutants or toxins. Because of the
radioactive pollution, “warheads” falling off and other
side effects to normal tissue in vivo, the conjugate of
mAb and radioactive nuclides, chemotherapeutants or
toxins have limited effects and can not be used widely.
SAg is a new “warhead” of “biological missiles”. It
can kill tumor cells through activating esoteric T
lymphocytes, and make the activated T lymphocytes
release much useful cytokines. The anti-tumor effect
of mAb-SAg conjugate is significantly greater than that
of bispecial mAb-mediated cytokines or mononuclear-
microphage[8]. Dohlsten et al[7-9] have respectively
prepared the chemical conjugates of SEA and anti-colon
carcinoma mAb C215, C242, and the fusion proteins
of SEA and the Fab fragment of mAb C215, C242 are
prepared by gene engineering method. The cytotoxic
experiment indicates that these conjugates or fusion
proteins do not lose the ability of activating T
lymphocytes. RT-PCR assay shows that SEA-activated
monocytes express the mRNAs of many cytokines
such as IL-1α, Il-1β, IL-2, IL-6, TNF-α, TNF-β and
TNF-γ. Ihle et al[10] have prepared the fusion protein
of SEA and staphylococcal protein A (SPA) which has
a special affinity to IgG, and  the conjugates of SEA
and anti-CD7 mAb (IgG2a), anti-CD38 mAb (IgG1)
respectively, and the cytotoxic experiment to MHCII
negative acute T lymphocytic leukemia cells was
performed. The results are excellent. The targeting
treatment to severe combined immune deficiency
(SCID) mice bearing intraperitoneally growing colon
carcinoma colo205 cells using fusion protein SEA-C242
Fab shows that human T lymphocytes must be planted
into SCID mice before treatment, indicating that
SEA-C242 Fab needs to activate T lymphocytes to
develop its anti-tumor effect[11]. Litton et al[12] have
observed the reaction of tumors and their spherical
t i ssues  to  fus ion  pro te in  SEA-C242 wi th
immunohistochemical staining and computer-
assisted image analysis, and the results demonstrate
that the T lymphocytes and monocytes concentrate
in all the tumor tissues just several hours after the
SEA-C242 Fab was injected. The main cytokines
produced are TNF-α , IL-2, IL-4, IL-5, IL-10, IL-
12, IFN-γ, GMSF and TGF-β. The authors consider
that apoptosis in tumor cells happens because of
the production of cytokines, T lymphocytes
infiltration and CD95 (Fas) receptor expression.
That is followed by obvious reduction of tumor
mass, which is seen within 24 h after the SEA-C242
Fab infusion. In the previous studies of SAg
treatment for tumors mAb-SAg conjugates or
their fusion proteins were used. mAb-targeted SAg
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was mainly used in the studies of anti-tumors
including colon carcinoma, melanoma, lymphoma,
neuroblastoma, etc. There have been some clinical
reports about treating tumors with mAb-SEA
conjugate[48,49]. Compared with complete mAb, the
main advantages of mAb F(ab’)2 fragment are: 
Its volume is smaller, and easy to penetrate through
tumor tissues;  the human anti-mouse antibodies
reaction is milder, and suitable for repeated
treatments;  It does not conjugate with the Fc
receptors on non-tumor cells, and can increase T/
NT ratio in vivo. Therefore, in the present study,
we used the F(ab’)2 fragment of mAb HAb18, but
not intact mAb,  and prepared the conjugate of the F
(ab’)2 fragment of anti-HCC mAb HAb18 and SEA
protein so as to use it in the experimental study of
SAg anti-HCC in the future.
        In the previous reports, the F(ab’)2 fragment of
mAb is usually prepared by pepsic digestion method,
and the papainic digestion method is mostly used to
prepare the Fab fragment of mAb. The productive rate
of preparing IgG fragments with papainic digestion is
higher than those of other traditional methods and it is
helpful in preserving the antibody activity. When an
mAb is digested with papain, the F(ab’)2 fragment can
be obtained at pH 5.5, and the Fab fragment can be
obtained at pH 8.0[50]. The HAb18 F(ab’)2 prepared in
this experiment contained a small amount of Fab, which
can not be removed because of the limited conditions
of purification. The second peak produced during
purification of HAb18 F(ab’)2-SEA conjugate was the
complex of HAb18 F(ab’)2 and Fab, but the amount of
F(ab’)2 was significantly less than that of Fab. These
results indicated that most F(ab’)2 had conjugated with
SEA protein, whereas Fab seemed not prone to
conjugate.
        During the preparation of protein conjugate by SPDP
method, the reagents with moderate reacting activity
should be used, and the reacting conditions should be
mild, such as at room temperature, in neutral pH value
and water bath, so as  to avoid denaturalization of
proteins and loss of biological activity. SPDP is a
commonly-used protein conjugating reagent. It can
introduce sulfhydryl into protein molecules, and then
make the protein molecules conjugate with other protein
molecules with sulfhydryl exchange or sulfhydryl
addition reactions. There are few side effects of this
conjugating reaction, but SPDP also has some
shortcomings, such as being prone to inactivate because
of deliquescence, and there are many other influencing
factors during the operating process. The results in
present study suggested that the protein conjugate of
mAb HAb18 F(ab’)2 and SEA can be prepared by
SPDP method successfully, while the activity of
proteins can be kept well.
        Because the F(ab’)2 fragment of mAb HAb18
used in this study did not contain Fc fragment,

mouse anti-human intact IgG antibodies can not react
with it effectively, so the antibody activity of HAb18 F
(ab’)2-SEA conjugate can not be identified by normal
immunocytochemical method. In our experiment, the
activity of mAb F(ab’)2 fragment in HAb18 F(ab’)2-SEA
conjugate can be identified effectively by indirect
immunocytochemical ABC method, in which rabbit anti-
mouse IgG F(ab’)2 mAb was used as the second
antibody.
        SAg has a strong mitogenetic effect on PBMC
because it can activate T lymphocytes effectively[51].
The A value of HAb18 F(ab’)2 SEA was significantly
higher than that of negative control in this study (P<0.
05), which indicated that the prepared HAb18 F(ab’)2

SEA conjugate had a significant effect on stimulating
the proliferation of PBMC and can be used in the
experimental study of HCC targeting therapy with mAb-
SAg conjugate.
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