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Diagnosis of hepatocellular carcinoma using a novel
anti-glycocholic acid monoclonal antibody-based method
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Abstract. Glycocholic acid (GCA) is a novel identified
biomarker for hepatocellular carcinoma (HCC). However,
clinical pathological study of GCA has not been extensive due
to the limited availability of anti-GCA monoclonal antibodies
(mAbs) and restricted detection methods. In the present study,
using human GCA conjugated with bovine serum albumin as
the immunogen to immunize BALB/c mice, a novel anti-GCA
mADb was generated and characterized. The isotypes of heavy
chain and light chain of anti-GCA mAb were examined to
be IgG2a and «, respectively, with a high affinity constant
(2.6x10% mol/l). The anti-GCA mAb binds GCA with high
specificity and sensitivity, and the 50% inhibitory rate was
77.09 ng/ml. The present study also established a rapid, sensi-
tive and efficient indirect competitive ELISA analysis using
this anti-GCA mAD to detect the level of GCA produced by
different HCC cell lines. Therefore, the present study may
successfully develop a novel method for early HCC diagnosis,
and also provide insights for further research and treatment of
HCC.

Introduction
Hepatocellular carcinoma (HCC) is one of the most common

types of cancer globally, and the third highest cause of
cancer-associated mortality globally, according to 2018
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statistics (1). The high mortality rate may be partially attributed
to the fact that ~80% of patients with novel diagnosed HCC
have already been diagnosed with advanced liver disease and
hepatic cirrhosis (2-4). Altekruse et al (5) reported that >60%
of patients were diagnosed with late-stage HCC following
metastasis, resulting in a <16% overall 5-year survival rate (6).
However, if an appropriate diagnosis and treatment can be used
in the early stage of HCC, the 5-year survival rate of patients
may increase by 75% (7). Therefore, an effective way to detect
HCC at early stage would improve the outcomes for patients
significantly. At present, the diagnosis of HCC remains largely
dependent on invasive biopsy, imaging methods, including
magnetic resonance imaging, 18-fluoro-deoxyglucose posi-
tron emission tomography/computerized topography and
serum a-fetoprotein testing (1,8). The limited sensitivity and
specificity of these methods result in poor quality and a low
diagnosis rate. Therefore, the identification of biomarkers with
a higher sensitivity and specificity is vital for HCC diagnosis,
particulalry for earlier stages of HCC (9). A previous study
reported that urine and serum contain a lot of metabolic infor-
mation that may be altered underlying HCC, which may be
used as new biomarkers for HCC diagnosis (10). Additionally,
the level of glycocholic acid (GCA) in patients with HCC is
significantly increased, compared with healthy individuals (11).
GCA has been identified as a specific and sensitive biomarker
for HCC in urine and serum (12,13).

GCA, a secondary bile acid and one of the main compo-
nents of bile acids, is formed by the conjugation of cholic acid
and glycine, which assists in the digestion and the absorption
of fat in food, in addition to being located in the bile as a
sodium salt (14). Numerous studies reported that GCA may
serve as a superior clinical marker to detect liver diseases,
compared with the traditional markers, including serum alpha
fetoprotein, blood enzymology and metabolomics (13,15,16).
Analysis of GCA in combination with other diagnostic indica-
tors provides a more sensitive background for the diagnosis,
treatment and prognosis of liver diseases (17). Additionally,
the level of GCA is also a vital diagnostic indicator for various
biliary system diseases, including intrahepatic cholestasis and
alcoholic liver injury (18). Currently, a number of methods
have been reported for the analysis of GCA, including liquid
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chromatography-mass spectrometry (19), ultra-performance
liquid chromatography-quadrupole time-of-flight-high-defini-
tion mass spectrometry (12), liquid chromatography-tandem
mass spectrometry (20) and macromolecular crowding
agents-assisted imprinted polymers (13). However, these
methods come with a high cost as they require a well-equipped
laboratory and well-trained professionals (19,20). Therefore,
there is a great demand for developing a more economical,
reliable and rapid method to detect GCA.

In the present study, a novel anti-GCA monoclonal antibody
(mAb) was generated, in which low 50% inhibitory rate (ICs),
high specificity and sensitivity for GCA binding were reached.
Furthermore, by this novel development of mAb, an effective
indirect competitive ELISA method (icELISA) has been estab-
lished to detect GCA. Therefore, a simple, rapid and efficient
method was successfully developed to detect GCA for the
diagnosis of early-stage HCC, in addition to providing novel
insights for further research and treatment of HCC.

Materials and methods

Immunogen preparation. Human GCA hydrate (C26H43NOG6.
xH,0) synthesized by Sigma-Aldrich (Merck KGaA,
Darmstadt, Germany) was conjugated to the carrier protein,
bovine serum albumin (BSA; BioFroxxx, Germany), by
the active ester method through amide bonds (21,22), using
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydro-
chloride (EDC) and N-hydroxysuccinimide (NHS) as the
dehydrating agents. A total of 10 mg GCA was mixed with
100 ul 2-(morpholino) ethanesulfonic acid buffered saline
(0.5 M NaCl, pH 6.0) and conjugated to BSA at the molecular
ratio of 100:1 in 500 ml conjugation buffer (PBS; pH=7.2-7.4).
Following incubation at room temperature for 2 h, GCA-BSA
conjugate (GCA-BSA) was purified by a desalting column
and identified by 10% SDS-PAGE, and then dyed by 0.25%
Coomassie Brilliant Blue R-250 (Beijing Solarbio Science &
Technology Co., Ltd., Beijing, China) for 2 h at 37°C (23,24).

Mice preparation and immunization. Five female BALB/c
mice (6-8 weeks old, ~20 g), purchased from Medical Animal
Center of Sichuan University (Chengdu, China), were main-
tained in individually ventilated cages under specific pathogen
free conditions, including a temperature of 24°C, a humidity
of 55+10%, adequate food and water and a 12/12 h light/dark
cycle. The mice immunized with immunogens at multiple
sites by standard vaccination procedures. Ethical approval
for the use of animals was obtained from the Research Ethics
Committee of West China School of Basic Medical Sciences
and Forensic Medicine, Sichuan University (Sichuan, China).
All experimental procedures complied with Sichuan University
Committee Guidelines on the Use of Live Animals in Research,
in accordance with the National Institutes of Health Guide for
the Care and Use of Laboratory Animals (25).

As previously described (26), mice were subcutaneously
immunized with 100 yg GCA-BSA emulsified with Freund's
complete adjuvant (Sigma-Aldrich; Merck KGaA) with a
volume ratio of 1:1. To strengthen the immune response,
subcutaneous injections with the same dose and method were
repeated three times within 2 months. Prior to the last injection,
blood was drawn from the mouse-tail vein and the serum was
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isolated. The serum titers were analyzed by indirect ELISA
assay. Anti-GCA mAb in mouse-tail vein serum was used as
the primary antibody and a horseradish peroxidase-conjugated
goat anti-mouse IgG (cat. no. ab97051; Abcam, Cambridge,
UK) was used as the secondary antibody.

Hybridoma generation and screening. The mouse myeloma
SP2/0 cell line was used as a fusion partner. Subsequently,
1 week prior to the fusion, SP2/0 (cat. no. NCBI 129; National
Cell Bank of Iran, Pasteur Institute of Iran, Tehran, Iran) was
cultured in RPMI-1640 media (Sigma-Aldrich; Merck KGaA)
and 10% fetal bovine serum (FBS, Sigma-Aldrich; Merck
KGaA) until reaching to >70% confluency. The feeder-layer
cells were prepared from the peritoneal cavity of unimmu-
nized BALB/c mouse 1 day prior to fusion. Following the final
injection, one immunized mouse with the highest serum titer
(>1:409,000) was sacrificed, and splenocytes were collected
for fusion with mouse myeloma SP2/0 cells using 50% poly-
ethylene glycol (cat. no. PEG4000, Sigma-Aldrich; Merck
KGaA) at a splenocyte:myeloma cell ratio of 10:1, according to
the standard procedures of hybridoma technique under sterile
condition (27). Fused cells were washed with RPMI-1640
medium and distributed in 96-well plates followed by selec-
tion with hypoxanthine-aminopterin-thymidine medium
(Sigma-Aldrich; Merck KGaA) to screen and obtain the posi-
tive hybridoma cells.

Cell growth and colony formations were examined daily.
Colonies appeared between 5 and 10 days. Once the colony
diameter reached 1 mm, determined by Image pro plus 7.0
(Media Cybernetics, Inc., Rockville, MD, USA), the immortal-
ized cells were screened and selected for their capability to
generate an anti-GCA mAb with an ELISA, as described previ-
ously (28). A total of two 96-well microtiter plates were coated
with GCA as the coating antigen with 1 yg/ml (100 pl/well) at
4°C overnight and unoccupied binding sites on the plates were
blocked by 120 ul/well 1% BSA in PBS at 37°C for 1 h. A total
of 50 pl/well of hybridoma supernatant was added into the plates
as a primary antibody, whereas the RPMI-1640 medium was
used as the negative control. The plates were subsequently incu-
bated at 37°C for 1 h. Following washing in triplicate by 0.05%
Tween-20 PBS (PBST), 100 pl/well of goat anti-mouse IgG
conjugated with horseradish peroxidase (HRP) was added into
the 96-well plate as the secondary antibody (cat. no. TA130001;
OriGene Technologies, Inc., Rockville, MD, USA), and the
plates were incubated at 37°C for 1 h. Following washing with
PBST, 100 ul/well tetramethyl-benzidine (TMB; Beijing Solarbio
Science & Technology Co., Ltd.) substrate was added into the
plates at 37°C for 15 min. The reaction was stopped by 50 ul/well
of H,SO, (2 mol/l) and optical density absorbance value (OD)
was measured at wavelength of 450 nm with an ELISA Reader
(Bio-Rad Laboratories Inc., Hercules, CA, USA). The positive
clone was selected and subcloned into 96-well plates by the
limiting dilution method (29) and the supernatant of the positive
clone was detected with an ELISA kit, as aforementioned.

Generation, purification and detection of ascites. A total of
five adult female BALB/c mice were intraperitoneally injected
with sterile paraffin oil (0.5 ml/mouse; Sigma-Aldrich; Merck
KGaA). After 7 days, each mouse was injected peritoneally with
5x10% screened hybridoma cells. Within 10-14 days following
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the peritoneal injection, ascites were collected from the mice.
The supernatant of the ascites containing anti-GCA mAb was
collected by centrifugation at 19,400 x g for 5 min at4°C, purified
by ammonium sulfate precipitation, followed by further depura-
tion with protein-G affinity chromatography (GE Healthcare,
Chicago, IL, USA) according to the manufacturer's proto-
cols (30), and then detected by the ELISA method (26).

Affinity and isotype analysis of anti-GCA mAb. Affinity of
anti-GCA mAb was examined by non-competitive ELISA. A
96-well plate was coated with three different concentrations
of the synthesized GCA hydrate (2.0, 1.0 and 0.5 mg/l), into
which the 2-fold diluted anti-GCA mAbs were added. The
96-well plate was incubated at 37°C for 1 h, followed by three
washes with PBST buffer to remove unbound substances.
The plate was incubated with secondary antibody (goat
anti-mouse IgG antibody 1:5,000; cat. no. ab97051; Abcam)
at 37°C for 1 h and TMB was added to the plate at 37°C
for 15 min. The OD values at a wavelength of 450 nm were
detected. The curve diagram was made and the affinity of
the antibody was obtained as described previously (31). The
curves were produced with OD values as the y-axis and the
concentration logarithm of anti-GCA mAb based on 10 (Igo)
as the x-axis. The upper platform stage of curves was designed
at OD,y,. Then the corresponding Ab concentration logarithm
values at 50% (OD50) of each curve was detected, which were
termed [Ab]tl, [Ab]t2 and [Ab]t3, respectively The affinity
constant of antigen-antibody interaction was designed by the
following equation: Kaff = (n-1)/2[n (Ab")t-(Ab)t], where n =
(Agt/(AgHt, (Ag)t and (Ag)t represent three different concen-
trations of GCA-BSA antigen, and (Ab')t and (Ab)t represent
the corresponding Ab concentration logarithm values at 50%
of each curve. The concentration ratio of the antigen was 1:2.
K1 = 1/2[2(Ab)t1-(Ab)t2], K2 = 1/2[2(Ab)t2-(Ab)t3] and K3 =
3/2[4(Ab)tl-(Ab)t3] when the ratio was 1:4. The final K-value
was the average of the aforementioned three results.

The isotype of mAb was analyzed with an Antibody
Isotyping kit (SouthernBiotech, Birmingham, AL, USA),
according to manufacturer's protocols (32). The 96-well
microtiter plates were coated by 1 pg/ml (100 ul/well)
GCA-BSA as the coating antigen at 4°C overnight. The plates
were subsequently blocked with 1% casein at 37°C for 1 h and
washed with PBST three times. The culture supernatants of the
hybridoma cell were incubated in 96-well plates (100 pl/well)
at 37°C for 1 h with gentle shaking. Following three washes
with PBST buffer, AP-labeled detection antibody (dilution,
1:500, Mouse Ig Isotyping kit; SouthernBiotech, Birmingham,
AL, USA) in BSA was added and incubated at 37°C for 1 h.
The OD of each well was measured at a wavelength of 405 nm
following substrate addition (33).

Specificity analysis by competitive western blot analysis. BSA
(500 pug/ml) and GCA-BSA (500 pg/ml) were separated by
10% SDS-PAGE and electro-transferred to a polyvinylidene
fluoride membrane (PVDF) at room temperature for 1 h. They
were subsequently blocked by 10 mM PBST containing 5%
skim milk (Beijing Solarbio Science & Technology Co., Ltd.)
at room temperature for 1 h. The PVDF membrane was cut
into two identical parts. A part of the membrane was incu-
bated with the mixture of 5 ml 1:1,000 diluted anti-GCA
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mADb plus 5 ml PBST as the non-competitive group. Another
part of membrane was incubated with the mixture of 5 ml
1:1,000 diluted anti-GCA mAb plus 5 ml GCA (10 pg/ml)
as the competitive group, at room temperature for 1 h. The
membranes were washed by PBST three times and incubated
with the secondary antibody (goat anti-mouse IgG; cat.
no. ab97051; Abcam) at a 1:5,000 dilution in PBST at room
temperature for 1 h. Following extensive washing by PBST,
the protein bands were visualized by enhanced chemilumi-
nescence kit (ECL; GE Healthcare) substrate. The software
used for densitometry was Image J software 1.48 (National
Institutes of Health, Bethesda, MD, USA).

Screening of the optimal concentration of GCA-BSA and
anti-GCA mAb by indirect ELISA chessboard method.
GCA-BSA, including 0.8 xg/ml in Carbonate Buffer (CB) solu-
tion, as the initial concentration and coated with 100 ul/well
on plate, and anti-GCA mAb (1:312.5 in CB as the initial
concentration) were diluted in 2-fold series with PBST to the
final concentration of 12.5 ng/ml and 1:320,000, respectively.
A non-competitive ELISA assay (Goat Anti-Mouse IgG;
cat. no. ab97051; Abcam) was performed. The concentra-
tion with the best sensitivity (0.2 yg/ml for GCA-BSA and
1:10,000 dilution for anti-GCA mADb) was determined as the
optimal concentration of GCA-BSA and anti-GCA mAb, and
subsequently used in the subsequent icELISA.

Sensitivity identification of the anti-GCA mAb by icELISA.
The 96-well microtiter plates were coated by GCA-BSA with
0.2 pg/ml (100 ul/well), BSA at 4°C overnight. Unoccupied
binding sites on the plates were blocked by 1% BSA in PBS
at 37°C for 1 h. A total of 50 ul/well of GCA (1 pg/ml diluted
in PBS as the initial concentration, 2-fold serial dilutions)
acting as competitive reagent, was fully mixed with 50 ul/well
anti-GCA mAbD (dilution, 1:10,000). The mixture was subse-
quently added onto the plates, while PBS was used as the
negative control. The rest of the procedures were same as that of
the non-competitive ELISA. Goat anti-mouse IgG conjugated
with HRP (1:5,000; 100 pl/well) was used as the secondary
antibody (cat. no. TA130001; OriGene Technologies, Inc.).
OD value was detected at a wavelength of 450 nm. The curves
were made with the concentration logarithm of GCA as x-axis,
and mean binding rate ratio (B/B,%) as the y-axis indicating
the following: B, represented the OD value of the control well
without GCA; B represented the OD value of the well with
GCA. The B/B, generated was plotted versus the logarithmic
concentration of GCA to get an inhibition curve (34). A stan-
dard line and the linear regression equation was obtained. The
ICy, of the anti-GCA mAb against GCA was calculated, and
the sensitivity of the mAb was measured by ICs, (35).

For quantitative detection of GCA and its application in HCC
cells, icELISA was performed using GCA-BSA as the coated
antigen, and using anti-GCA mAb as the detection reagent.
The standard line was made with the concentration logarithm
of GCA as the x-axis, and the OD450 value as the y-axis. A
standard line and the linear regression equation were obtained.
According to the standard curve equation, the anti-GCA mAb
and icELISA assay can be used to determine GCA concentra-
tion within the competitive reagent. Note that in icELISA, the
0OD450 value was inversely correlated with GCA concentration.
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Application of icELISA in the detection of GCA content in
HCC cells. HCCs cell lines, Huh7 and PLC/PRF/5, human
hepatocyte cell line, HL-7702, and lung cancer cell line, A549
(China Cell Culture Center, Shanghai, China) were cultured in
RPMI-1640 supplemented with 10% FBS, 100 U/ml penicillin
and 100 U/ml streptomycin (Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA). After 24 h, supernatants were
discarded, cells were washed once with PBS and cultured in
RPMI-1640 serum (Sigma-Aldrich; Merck KGaA) without
FBS for 48 h. The supernatants were collected for icELISA
below. All cells (1x10° cells/line) were lysed in ice-cold
buffer radioimmunoprecipitation assay buffer (RIPA; 50 mM
Tris-HCI pH7.4, 150 mM NaCl, 1% TritonX-100, 0.1% SDS)
and 1 mM phenylmethylsulphonyl fluoride (PMSF) was added
at a ratio of PMSF:RIPA 1:100. The two-fold serial dilutions of
cell lysates or supernatants were used as competitive reagent in
icELISA to detect GCA concentration. Protein in cell lysates
and cell supernatants were quantified using a bicinchoninic
acid (BCA) assay (Pierce; Thermo Fisher Scientific, Inc.) (32).
The same amount of protein (20 pg) was two-fold diluted and
added as the competitive reagent to detect the GCA concentra-
tion in different cell lines lysates or supernatants.

Statistical analysis. Statistical analyses were performed
using the SPSS 22.0 software (IBM Corp., Armonk, NY,
USA). Values were expressed as mean + standard error of the
mean. To calculate statistical significant differences among
groups, linear regression and the one-way analysis of variance
were used. P<0.05 was considered to indicate a statistically
significant difference. A Bonferroni post hoc test was used for
further statistical analysis between groups.

Results

Successful conjugation of GCA-BSA immunogen. GCA is a
hapten, which, on its own, cannot induce an immune response
to produce antibodies in mice. It is necessary to combine GCA
with a carrier protein to elicit a specific antibody response (21).
Therefore, GCA hydrate (465.62 g/mol) was conjugated to the
carrier protein BSA (66.43 kDa), with a molecular ratio of 100:1,
by the active ester method through amide bonds, using EDC and
NHS as the dehydrating agents. GCA-BSA conjugate was puri-
fied with a desalting column and identified by SDS-PAGE dyed
by 0.25% Coomassie Brilliant Blue R-250. SDS-PAGE analysis
indicated that GCA-BSA conjugate, ~100 kDa, was successfully
generated compared with the control groups, 66.43 kDa (Fig. 1).

The novel anti-GCA mAb indicates high purity and affinity
against human GCA. GCA-BSA conjugate was used, in order
to immunize the mice. Polyclonal antibodies were generated
and obtained. The serum titers were analyzed by indirect
non-competitive ELISA. The results indicated that the titer
was very high (>1:409,000), and the GCA-BSA conjugate
had successfully induced an immune response. Therefore, the
aforementioned results indicated that the GCA-BSA conjugate
could be used to prepare hybridomas.

The splenocyte-myeloma hybridomas were obtained by
using the standard procedure of hybridoma technique, screened
and selected for their capability to examine the anti-GCA mAb
by ELISA. Positive clones were subcloned by limiting dilution

WU et al: DEVELOPMENT OF A NOVEL ANTI-GCA mAb-BASED METHOD FOR HCC DIAGNOSIS

1000 ng 500 ng

kDa
170 =

130 ===

Marker BSA GCA-BSA BSA GCA-BSA

100 =—

70 w—

55 ==

40 =

35 =——p

25 =3

15 =

Figure 1. GCA was successfully conjugated to the carrier protein BSA. GCA
hydrate (465.62 g/mol) was conjugated to the carrier protein BSA (66.43 kDa),
with a molecular ratio of 100:1. GCA-BSA was purified and the results indicated
that GCA-BSA conjugate, ~100 kDa, was successfully generated. GCA, glyco-
cholic acid; BSA, bovine serum albumin; GCA-BSA, GCA-BSA conjugate.

method to obtain mAbs. The positive hybridoma cells were
subsequently peritoneally injected into the female BALB/c mice,
and the ascites were generated and purified by ammonium sulfate
precipitation, followed further depuration by protein-G affinity
chromatography, according to the manufacturer's protocols (30).
Furthermore, the purity of mAb was identified by SDS-PAGE
(dyed by Coomassie Brilliant Blue R-250). Antibodies have two
chains, where the heavy chain molecular weight is 50-75 kDa, and
the light chain molecular weight is ~25 kDa (29). The SDS-PAGE
data demonstrated that the purified anti-GCA mAb (Lane 2)
had only two chains compared with the unpurified antibodies
(Lane 1), and the heavy chain of anti-GCA mAb was ~55 kDa
and the light chain was ~25 kDa (Fig. 2A), indicating that the
mAb was successfully obtained and purified.

The affinity of anti-GCA mAb. Furthermore, the affinity of
anti-GCA mAb was tested by non-competitive ELISA as
described previously (31). The OD values at a wavelength of
450 nm were detected. The curve diagram was made and the
affinity of the antibody was obtained (31). The affinity constant
of antigen-antibody interaction was designed by the equation
average affinity constant (Kaff) = (n-1)/2[n (Ab')t-(Ab)t]. It was
reported that an antibody with an affinity constant between
107-10"? mol/l has a good potential for application (36). The
Kaff of anti-GCA mAb was 2.6x10® mol/l determined by
non-competitive ELISA (Fig. 2B). Therefore, high affinity
anti-GCA mAb was successfully generated and purified.
The isotype of mAb was further analyzed with an Antibody
Isotyping kit, according to manufacturer's protocols (32)
and the isotype of heavy chain and light chain of the mouse
anti-GCA mAb were IgG2a and «, respectively.
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Figure 2. The novel anti-GCA mAb indicates high purity and affinity against human GCA. (A) Purity of mAb identified by SDS-PAGE (dyed by Coomassie
Brilliant Blue R-250). Marker, standard protein marker; Lane 1, unpurified ascites fluid; Lane 2, purified anti-GCA mAb. (B) The affinity curves of the
anti-GCA mAbD. The affinity constant of antigen-antibody interaction was designed by the equation Kaff. GCA, glycocholic acid; OD, optical density; mAb,

monoclonal antibody; Kaff, average affinity constant.

The anti-GCA mAb is highly specific against human GCA. The
specificity of anti-GCA mAb to human GCA was analyzed
by competitive western blot analysis. BSA and GCA-BSA
were separated by 10% SDS-PAGE, which was detected by
Coomassie Brilliant Blue R-250, according to the manufac-
turer's protocols. The molecular weight of BSA was 66.43 kDa
(range, 55-70 kDa), while the molecular weight of GCA-BSA
(~100 kDa) was significantly increased (P<0.001), compared
with that of BSA. SDS-PAGE results indicated that the molec-
ular weights of BSA and GCA-BSA were correct and were
able to be used as a control (Fig. 3A). To analyze the specificity
of the anti-GCA mAb, BSA and GCA-BSA were separated
by 10% SDS-PAGE, and subsequently electro-transferred to
a PVDF membrane. The band of the competitive group was
significantly weaker (P<0.001), compared with that of the
non-competitive group (Fig. 3B), indicating that the anti-GCA
mADb was highly specific against human GCA.

Anti-GCA mAb is highly sensitive toward human GCA. The
sensitivity of anti-GCA mAb to human GCA was analyzed by
icELISA. Anti-GCA mADb was used as the primary antibody
and a series of diluted GCA (1,2,4, 8, 16,32, 64 x,and O x as
the control) were used as the competitive reagent. The curves
were made with the concentration logarithm of GCA as the
x-axis, and the mean binding rate ratio (B/B,) as the y-axis.
B, was the OD value of the control well without GCA, and
B was the OD value of the well with GCA. According to the
curves, the following linear regression equation was obtained:
y = -38.837x + 129.25, and the correlation coefficient (r*) was
0.9955. According to the regression equation, ICs, of mAb
binding to GCA-BSA was calculated to be 0.1098 ug/ml,
indicating the sensitivity of anti-GCA mAb was notably high
(Fig. 4A). It was observed that the lower the ICs, was, the
higher the sensitivity of anti-GCA mAb.

For quantitative detection of GCA and its application in
HCC cells, icELISA was performed using GCA-BSA as the

coated antigen, and anti-GCA mAb as the detection reagent.
The standard line was made with the concentration logarithm
of GCA as the x-axis, and OD,s, nm value as the y-axis.
The standard line indicates a good sensibility and reliability
of the icELISA method, which is capable of detecting GCA
between 0.01563-1 pug/ml. The linear regression equation was
y = -0.6723x + 2.2372 and the correlation coefficient was
0.9956 (Fig. 4B). The result indicated that OD,s, nm absor-
bance was inversely correlated with GCA competitive reagent,
indicating that the anti-GCA mAb and icELISA assay can be
used to determine GCA concentration within the competitive
reagent. It was also indicated in icELISA that the OD,;, value
was inversely correlated with GCA concentration.

GCA is significantly elevated in HCC cells, compared with
normal human hepatocytes or lung cancer cells. In order to
determine if anti-GCA mAb can be used to detect GCA in HCC
cells, cell lysates and supernatants from HCC cell line Huh7
and PLC/PRF/5, human hepatocyte cell line, HL-7702, and lung
cancer cell line, A549, were analyzed by icELISA. The two-fold
serial dilutions of the cell lysates or supernatants, starting with
the same number of cells for each cell line, were used as the
competitive reagent. The GCA in each sample was subsequently
calculated, according to the previous linear regression equation
y =-0.6723x + 2.2372. Consistent with previous results (11), it
was indicated that the GCA level in Huh7 and PLC/PRF/5 cells
was significantly increased, compared with HL-7702 and A549
cells (Fig. 5A-D). GCA level in A549 cells was similar to blank
control value (Fig. 5A and C).

The protein concentration was subsequently quantified
with a BCA assay. Same amount of proteins (20 pg) were used
to make series of two-fold dilutions. GCA level from above cell
lysates and supernatants of HCC cell Huh7 and PLC/PRF/5,
human hepatocyte HL-7702, lung cancer cell A549 were
analyzed again by icELISA. Significantly increased levels of
GCA were detected in HCC cell lines Huh7 and PLC/PRF/5,
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Figure 3. The anti-GCA mAb was highly specific against human GCA. (A) The molecular weight of GCA-BSA (~100 kDa) was significantly increased,
compared with the molecular weight of BSA, 66.43 kDa (range, 55-70 kDa). SDS-PAGE results were used as the control. (B) BSA and GCA-BSA were
separated by SDS-PAGE and electro-transferred to a PVDF membrane. The PVDF membrane was cut into two identical parts. Competitive group, 5 ml GCA
(10 pg/ml) added to 5 ml anti-GCA mAb (1:1,000); non-competitive group, 5 ml PBST added to 5 ml anti-GCA mAb (1:1,000). The secondary antibody of
all lanes was goat anti-mouse IgG (1:5,000). The band of the competitive group was significantly weaker, compared with the non-competitive group. GCA,
glycocholic acid; mAb, monoclonal antibody; BSA, bovine serum albumin; GCA-BSA, GCA-BSA conjugate; PVDF, polyvinylidene fluoride membrane;
PBST, Tween-20 PBS.
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Figure 4. The anti-GCA mAb was identified with high sensitivity through icELISA. The anti-GCA mAb was used as the primary antibody, and a series of
diluted GCA were used as the competitive reagent. The OD value was measured at a wavelength of 450 nm. (A) The binding rate as ordinate of GCA. The
curves were generated with the concentration logarithm of GCA as the x-axis and the mean binding rate ratio (B/B0%) as the y-axis. BO represents the OD
value of the control well without GCA and B represents the OD value of the well with GCA. The B/B0 was plotted versus the logarithmic concentration of
GCA to provide an inhibition curve. The concentration of competitive reagent GCA, when B/B;=50%, was determined as ICy,. ICs, was calculated according
to the standard curve derived regression equation to measure the sensitivity. (B) The coefficient correlation analysis of the OD value at a wavelength of 450 nm
and the concentration logarithm of GCA. The y-axis represents the OD,5, nm value. The y-axis indicates the two-fold serial dilution of the logarithm GCA
concentration starting from 1 yg/ml. Standard line indicates a good sensibility and reliability of the capability of the icELISA method to detect GCA between
0.01563-1 pug/ml. The GCA concentration was inversely correlated with OD,5,. GCA, glycocholic acid; Igo GCA, the logarithm of the GCA concentration
based on 10; OD, optical density; ICy,, 50% inhibitory rate; icELISA, indirect competitive ELISA.
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Figure 5. The significantly elevated amount of GCA was detected in HCC cells, compared with normal human hepatocytes and lung cancer cells. Cell lysates
and supernatants from HCC cell lines Huh7 and PLC/PRF/5, human hepatocyte cell line HL-7702 and lung cancer cell line A549 were collected and analyzed
by icELISA. The two-fold serial dilutions of the cell lysates or supernatants were used as the competitive reagent. The GCA content in each sample was then
calculated according to the linear regression equation y = -0.6723x + 2.2372. (A) icELISA analysis of GCA content was examined in cell lysate using the
same number of different cells in Huh7 and PLC/PRF/5 cells, compared with A549 cells. “P<0.01, "“P<0.001, “P<0.05, 7P<0.01 and **P<0.001 vs. A549
cells. (B) icELISA analysis of GCA content was examined in cell lysate using the same number of different cells in Huh7 and PLC/PRF/S cell lines, compared
with HL-7702 cells. “P<0.01, “"P<0.001, “P<0.01 and "P<0.001 vs. HL-7702 cells. (C) icELISA analysis of GCA content was examined in the supernatant
using the same number of different cells in Huh7 and PLC/PRF/5 cells, compared with A549 cells. "P<0.05, “P<0.01, ““P<0.001 and "P<0.05 vs. A549 cells.
(D) icELISA analysis of GCA content was examined in the supernatant using the same number of different cells in Huh7 and PLC/PRF/5 cell lines, compared
with HL-7702 cells. "P<0.05, “P<0.01, ""P<0.001, "P<0.05 and "P<0.01 vs. HL-7702 cells. The dashed line in each figure represent the blank control value
(RPMI-1640 without FBS). The x-axis is the two-fold serial dilutions of the cell line lysates or supernatants The y-axis represents the Igo GCA concentration.
GCA, glycocholic acid; icELISA, indirect competitive ELISA; HCC, hepatocellular carcinoma; Igo GCA, the logarithm of the GCA concentration based on 10.

compared with A549 or HL-7702 cells (Fig. 6A-D), which was
consistent with the results indicated in Fig. SA-D. In conclu-

peripheral blood is very low and stable, regardless of fasting
or after-meal, with a blood concentration <3 pg/ml in healthy

sion, the results of the present study indicated that icELISA
analysis based on the novel anti-GCA mAb can be success-
fully used for a rapid, sensitive and efficient detection of GCA
from different HCC cell lines. Therefore, icELISA analysis
may have great potential for further clinical application.

Discussion

GCA is a combination of cholic acid and glycine, with a
molecular weight of 466.3 Da and one of the main components
of bile acids (12). The main function of GCA is to participate
in the digestion of fat, as it also occurs as a sodium salt in
the bile of mammals. In normal conditions, GCA content in

individuals (37). However, under the conditions of hepatocytes
injury or cholestasis, abnormal metabolism and circulation
of bile acids would decrease the absorbance of cholic acid,
resulting in an increased GCA level in the blood, positively
correlated with the severity of hepatocyte damage and the
metabolic dysfunction of bile acid (38,39).

A number of studies have indicated that GCA, as a
clinical marker to detect liver diseases including HCC,
chronic active hepatitis, chronic active hepatitis and chronic
active hepatitis (40), has numerous advantages compared
with the traditional liver function tests, including alanine
aminotransferase, aspartate transaminase and gamma-glutam-
yltranspeptidase (41,42). Therefore, GCA analysis can provide
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Figure 6. The significantly elevated amount of GCA was detected in HCC cells, compared with normal human hepatocytes and lung cancer cells. Cell lysates
and supernatants from HCC cell lines Huh7 and PLC/PRF/5, human hepatocyte cell line HL-7702 and lung cancer cell line A549 were collected and analyzed
by icELISA. The 2-fold serial dilutions of the cell lysates or supernatants were used as the competitive reagent. The GCA content in each sample was then
calculated according to the linear regression equation y = -0.6723x+2.2372. Quantified protein concentration using a bicinchoninic acid assay where y-axis
indicates OD 5, which is inversely correlated to GCA concentration. Same amount of protein (20 yg) was used to make series of two-fold dilutions. (A) Mean
OD,5, of GCA contents was examined in cell lysate using the same protein amount of different cells in Huh7 and PLC/PRF/5 cells, compared with A549.
“P<0.05, “P<0.01, “"P<0.001, P<0.01 and "*P<0.001 vs. A549 cells. (B) Mean OD,5, of GCA contents was examined in cell lysate using the same protein
amount of different cells in Huh7 and PLC/PRF/5 cell lines, compared with HL-7702 cells. “P<0.01, ““P<0.001, “P<0.01 and *P<0.001 vs. HL-7702 cells.
(C) Mean OD,;, of GCA contents was examined in the supernatant using the same protein amount of different cells in Huh7 and PLC/PRF/S cells, compared
with A549 cells. “P<0.01 and “"P<0.001 “P<0.01 and “*P<0.001 vs. A549 cells. (D) Mean OD,s,0f GCA contents was examined in the supernatant using the
same protein amount of different cells in Huh7 and PLC/PRF/5 cell lines, compared with HL-7702 cells. "P<0.05, “P<0.01 and "P<0.01 vs. HL-7702 cells.
GCA, glycocholic acid; OD, optical density; icELISA, indirect competitive ELISA; HCC, hepatocellular carcinoma.

the basic information for diagnosis, treatment and prognosis of
liver diseases, various biliary system diseases, including chol-
angiocarcinoma (43), intrahepatic cholestasis and alcoholic
liver injury (39,44). HCC has a high morbidity and mortality
rate. Early-stage diagnosis of HCC can greatly reduce the
mortality and increase disease-free rate. Therefore, further
studies are required to identify a sensitive marker for the diag-
nosis of HCC. A number of previous studies have identified that
GCA is a sensitive biomarker for HCC diagnosis (12,37,41).
The aim of the present study was to establish an effective
icELISA method, based on the anti-GCA mAb for detection of
GCA, in order to provide a simple, rapid, convenient, and reli-
able way to detect GCA, therefore, promoting early diagnosis
of HCC. Synthesized human GCA hydrate (C,,H,;NO4.xH,0,
465.62 g/mol), as a hapten, was first conjugated with BSA (66.43
kDa) to form a complete antigen by the active ester method,
as verified by SDS-PAGE. GCA-BSA conjugate was used to
immunize mice, and the anti-serum specific to GCA with high

titer (>1:409,000) was acquired. Using GCA-BSA conjugate as
the immunogen, a hybridoma capable of generating anti-GCA
mADb, was successfully obtained by hybridoma technique (45).
Ascites were generated to obtain abundant mAb for further
purification and detection by SDS-PAGE. The isotype of the
anti-GCA mAb was examined to be IgG2a and k. The affinity
constant of anti-GCA mAb was 2.6x10® mol/l. Furthermore,
the high specificity of anti-GCA mAb was determined by
competitive western blot analysis using GCA as the competi-
tive reagent. The results indicated that the binding between
anti-GCA mAb and GCA-BSA can be almost fully inhibited
by free GCA.

Additionally, icELISA was established to detect the
expression of GCA in supernatant and lysate in a number of
cell lines. Previous studies indicated the expression of GCA
increased significantly in liver cancer (12,37,43). In the present
study, the expression of GCA in human normal hepatocyte cell
line (HL-7702), human HCC cell lines (PLC/PRF/5 and Huh7)



ONCOLOGY LETTERS 17: 3103-3112, 2019

and lung adenocarcinoma cell line (A549) was detected. The
results from cell lysate of the different cells were similar to
that from cell supernatant, indicating that GCA expression
was significantly elevated in PLC/PRF/5 and Huh7, compared
with HL-7702 and A549. In order to further verify this result,
under the same protein amount, using a BCA protein assay
kit, GCA expression was indicated to be significantly elevated
in PLC/PRF/5 and Huh7 cells, compared with HL-7702 and
A549 cells. Therefore, the results of the present study strongly
indicate that the icELISA method using the novel anti-GCA
mAD could be of great clinical assistance, in addition to being
sensitive to detecting GCA in HCC.

The present study data also indicates that GCA may be
used as a sensitive biomarker in HCC, which is consistent with
the results from other groups (13,46). A number of studies
have reported that there is a linear association between GCA
and the severity of hepatocyte dysfunction (37,43). With the
progress of hepatobiliary diseases, GCA has been reported
to demonstrate a trend of gradual increase (47). A number of
researchers have proposed the use of chenodeoxycholic acid
ratio and the vein 14C cholylglycine tolerance test, as a method
for differential diagnosis of liver diseases (48,49). It has been
also reported that GCA in human plasma and urine from
patients with HCC was significantly increased, compared with
healthy individuals (13). These results indicate the broad appli-
cation of GCA in the detection of hepatobiliary diseases and
HCC, as GCA is a more sensitive marker. The novel anti-GCA
mAD and icELISA assay may qualify for a simple, more rapid
and efficient detection method for GCA.

In conclusion, a novel anti-GCA mAb was successfully
generated in the present study, exhibiting a low ICy,, high
specificity and sensitivity for GCA binding. An icELISA
was further established to detect the level of GCA in cells or
body fluids, reflecting the dynamic process of hepatocellular
injury. Therefore, these observations indicate the promising
extensive clinical application of GCA for early HCC diagnosis,
and provide novel insight for further research and treatment of
HCC and other hepatobiliary diseases.
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