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Serum levels of anti-sperm-associated antigen 9 antibody
are elevated in patients with hepatocellular carcinoma
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Abstract. At present, there is a high incidence of viral hepatitis
and high mortality rates due to hepatocellular carcinoma (HCC)
in China. In the current study, the quantification of antibodies
against the cancer-testis antigen sperm-associated antigen 9
(SPAGDY), alone and combined with a-fetoprotein (AFP), were
evaluated as biomarkers for the diagnosis of HCC. The levels of
anti-SPAG9 antibody and AFP were quantified in serum samples
from patients with HCC and hepatitis or cirrhosis, as well as
healthy volunteers. The results revealed that the serum levels of
anti-SPAG9 immunoglobulin G antibody in patients with HCC
were significantly higher compared with those in patients with
hepatitis/cirrhosis and healthy controls. Using receiver operator
characteristic curves, the area under the curve (AUC, 0.870) of
SPAG? as a diagnostic marker of HCC was significant [P<0.001;
95% confidence interval (CI), 0.793-0.947], whereas the AUC
of AFP was 0.832 (P<0.001; 95% CI, 0.736-0.928). Serum
anti-SPAG9 antibody levels exhibited significant potential for
the differential diagnosis of HCC, with an AUC value of 0.729,
(P=0.008; 95% CI, 0.559-0.899). Similarly, serum AFP levels
exhibited significant value for the differential diagnosis of HCC,
with an AUC value of 0.842 (P<0.001; 95% CI, 0.732-0.953).
When combined with quantification of AFP, the diagnostic
sensitivity and specificity of anti-SPAG9 levels were increased.
In summary, the results suggested that anti-SPAG9 antibody is a
potential early diagnostic marker of HCC.
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Introduction

Hepatitis B virus (HBV) and hepatitis C virus (HCV) infec-
tions are major risk factors for the development of human
hepatocellular carcinoma (HCC) (1-3). The incidence of HCC
in China is ~100/100,000 population, and a principal compo-
nent of the attributable risk is chronic HBV infection (4), with
>50% of the global HCC burden attributed to HBV (5). In
China, ~10% of patients with HCC suffer from HCV infection,
and certain patients have HBV and HCV co-infections (6). In
the USA, Europe and Japan, >50% of current cases of HCC
are attributable to HCV infection, and the majority of these
patients have cirrhosis (7-9). The time from initial diagnosis
of chronic hepatitis to the development of HCC may span
several decades; once cirrhosis is established, HCC develops
at a yearly rate of 1-4% (10).

In China, the majority of patients with HCC present with
advanced-stage disease, and HCC has become the second
leading cause of mortality (11). Early diagnosis relies on
non-invasive biomarkers, imaging and clinical parameters,
with markers such as a-fetoprotein (AFP), the proportion of
the fucosylated isoform of AFP to total AFP, AFP-L3 and
des-gamma-carboxy-prothrombin (DCP) being Food and
Drug Administration-approved for use in the surveillance
of high-risk populations (12,13). However, the clinical value
of these biomarkers is a subject of debate (14). In Japan,
three biomarkers are combined for surveillance (15,16),
and this combined testing has a high level of sensitivity and
specificity (17,18). In China, AFP is the only serum biomarker
routinely used for HCC diagnosis (19). Up to 50% of patients
with HCC have a serum AFP level of <20 ng/ml (20), and
therefore are not correctly diagnosed when AFP is the sole
biomarker used to screen for HCC (21).

In the current study, the efficacy of the cancer-testis
antigen (CTA) sperm-associated antigen 9 (SPAGY), alone and
combined with AFP, was evaluated for use in the diagnosis of
HCC caused by HBV or HCV infections.

CTAs include the melanoma antigen family, the syno-
vial sarcoma X family, cancer/testis antigen 2, G antigen
1, cancer/testis associated protein CTpll and cancer/testis
antigen 1B. The expression of these antigens is normally
restricted to the testis, but these antigens are also expressed
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in tumor tissues (22-24). Several studies have revealed that
CTAs are highly expressed in the tumor tissue of patients
with HCC (25-27). SPAG9Y belongs to the c-Jun-NH, terminal
kinase-interacting protein family (28). Proteins from this family
function in cell growth, proliferation, apoptosis and tumor
development (29,30), and are expressed in renal cell carcinoma,
and ovarian, cervical, breast, thyroid and colorectal cancer
tissues, SPAG9 provokes a strong humoral immune response,
and its autoantibody can be detected in the peripheral blood of
patients with the aforementioned types of cancer (21-35). The
current study hypothesized that anti-SPAG9 antibody may be
detected in the peripheral blood of patients with HCC, and that,
in combination with serum AFP levels, it may provide a reliable
diagnostic test for HCC, particularly for AFP-negative patients.

Materials and methods

Patients. A total of 31 cases of HCC caused by HBV or HCV
infections, 41 cases of hepatitis or cirrhosis caused by HBV
or HCV without HCC, and 37 normal healthy blood donors
were enrolled at Hunan Provincial Second People's Hospital
(Changsha, China) from March 2013 to May 2014. HCC was
diagnosed as previously reported (18). The inclusion criteria
were no prior anti-cancer treatment (therapeutic agents,
radiotherapy or chemotherapy) and positivity for HBV or
HCYV infection. The exclusion criteria were as follows: Active
liver disease (non-cancerous hepatitis or cirrhosis), pregnancy,
reproductive system embryonic tumors or metastatic liver
cancer. The cases with hepatitis or cirrhosis without HCC
included eight patients with cirrhosis. Patient characteristics
are summarized in Tables I and II. Peripheral blood samples
were collected from patients and controls. Serum was sepa-
rated by centrifuging blood at 1,000 x g for 10 min at 25°C.
Serum samples were stored at -80°C prior to analysis.

SPAGY ELISA assay. Recombinant human SPAG9 protein
(r-hSPAG9; Abnova, Taipei, Taiwan) was used as antigen to
establish an ELISA to detect serum anti-SPAG9 immunoglob-
ulin IgG antibody. Microtiter plates were coated with -hSPAG9
(100 ng/well) in 50 mM PBS (pH 7.4) at 4°C overnight. The
plates were washed three times with PBS and blocked with 5%
bovine serum albumin (Zhejiang Tianhang Biotechnology Co.,
Ltd, Huzhou, China) in PBS for 2 h at 37°C. Post-blocking, the
plates were incubated with a 1:10 dilution (0.05 M carbonate
buffer, pH 9.6) of patient serum. Bound antibodies were
detected after incubation with a mouse anti-human antibody
conjugated to horseradish peroxidase (Beijing Beier Biological
Engineering Co., Ltd., Beijing, China; cat. no. 20141001) at an
optimized dilution of 1:5,000 in PBS for 2 h at 37°C. Enzyme
activation was performed with 0.05% orthophenylenediamine
(Beijing Beier Biological Engineering Co., Ltd.) in 50 mM
citrate phosphate buffer (pH 5.0) with 0.06% hydrogen peroxide
as the substrate. The reaction was terminated with 50 ul of 5 M
H,SO,, and the absorbance was read at a wavelength of 450 nm
using a microplate spectrophotometer with 630 nm as a refer-
ence filter. The intra- and inter-assay coefficients of variation
were 2.3 and 8.6%, respectively.

AFP chemiluminescence assay. Serum AFP levels were
determined using the ADVIA Centaur XP Immunoassay
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System (Siemens AG, Munich, Germany), and the quality
control materials were provided by Bio-Rad Laboratories, Inc.
(Hercules, CA, USA).

Statistical analysis. The Kruskal-Wallis, Mann-Whitney
U, independent-samples t and ¥ tests, as well as receiver
operator characteristic (ROC) curve analysis were performed
using SPSS version 16.0 (SPSS, Inc., Chicago, IL, USA).
Results were presented as the mean + standard deviation.
Anti-SPAGY antibody levels in patients with HCC, patients
with hepatitis/cirrhosis and healthy individuals were
compared using the Mann-Whitney U test with Bonferroni
correction. a=0.0167 and P<0.0167 were considered to
indicate a statistically significant difference. Positivity of
anti-SPAGY9 antibody in patients with HCC, patients with
hepatitis/cirrhosis and healthy individuals was compared
using the y? test and partitioned ¥ tests. =0.0125 and
P<0.0125 were considered to indicate a statistically significant
difference. The percentages of patients who were positive for
a marker were compared using a y* test with an inspection
level of 0.05 considered to indicate a statistically significant
difference. For multiple comparisons, the ¥ test was used,
with an inspection level corrected to 0.0125 considered
to indicate a statistically significant difference. For other
comparisons performed with an independent-samples t test,
P<0.05 was considered to indicate a statistically significant
difference.

Results

Levels of serum anti-SPAGY9 antibody in patients with HCC
and hepatitis/cirrhosis. The mean of the signal intensity in
the SPAG9 ELISA for patients with HCC (0.590+0.274) was
significantly higher than that for patients with hepatitis/cirrhosis
(0.445+0.515) and healthy individuals (0.189+0.115; P<0.001).
Data from all patients and individuals are plotted in Fig. 1A.
Using a cut-off value of 0.42, 71.0% of the patients with HCC
were positive for the SPAGY antigen, whereas 26.8% of patients
with hepatitis/cirrhosis and 8% of healthy individuals were
positive for the antigen based on this cut-off (Fig. 1B). The
mean absorbance (0.89+0.810) of anti-SPAG9 immunoglobulin
IgG antibody in patients with cirrhosis was significantly higher
compared with that of patients with hepatitis (0.337+0.355) and
healthy individuals (P<0.001; Fig. 1C).

Levels of serum anti-SPAG9 antibody in patients with various
stages of HCC. The mean of the signal intensity in the SPAG9
ELISA in patients with stage II HCC (0.647+0.310) was
significantly higher (P<0.01) compared with that in patients
with stage III and IV disease (0.468+0.153; Fig. 2A). Of the
stage II patients with HCC, 75% were positive for SPAGY,
whereas 63.6% of stage III and IV patients were positive for
SPAG?Y (Fig. 2B). This difference was not significant.

Sensitivity and specificity of anti-SPAG9 antibody alone and
in combination with AFP for HCC diagnosis. The sensitivity
and specificity of anti-SPAG9 antibody alone for the diagnosis
of HCC were 71.0 and 87.3%, respectively. The sensitivity was
higher compared with that of AFP alone (64.5%), whereas
the specificity was lower compared with that of AFP alone
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Table I. Characteristics of patients with HCC, hepatitis or cirrhosis and healthy controls.

Patient characteristic HCC (n=31) Hepatitis/cirrhosis (n=41) Healthy controls (n=35)
Age, years

Mean + SD (min, max) 56+12 (36,76) 4116 (21,77) 53+10 (26,71)
Sex

Male, % (n/total) 83.9 (26/31) 82.9 (34/41) 74.3 (26/35)

Female, % (n/total) 16.1 (5/31) 17.1 (7/41) 25.7 (9/35)
Cancer stage

II, % (n/total) 64.5 (20/31)

II + IV, % (n/total) 35.5 (11/31)
Hepeatitis B infection, n 28 36 0
Hepatitis C infection, n 3 5 0

SD, standard deviation; HCC, hepatocellular carcinoma; min, minimum; max, maximum.

Table II. Characteristics of patients with hepatitis and cirrhosis and healthy controls.

Patient characteristic Hepatitis (n=33)

Cirrhosis (n=8) Healthy controls (n=35)

Age, years
Mean + SD (min, max) 41+13 (21,65) 55+12 (32,77) 53+10 (26,71)
Sex
Male, % (n/total) 81.8 (27/33) 87.5(7/8) 74.3 (26/35)
Female, % (n/total) 18.2 (6/33) 12.5 (1/8) 25.7 (9/35)
Hepeatitis B infection, n 28 8 0
Hepeatitis C infection, n 5 0 0
SD, standard deviation; min, minimum; max, maximum.
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Figure 1. (A) Anti-SPAG9Y antibody in the serum of patients with HCC (n=31), patients with hepatitis or cirrhosis (n=41) and healthy controls (n=37), as detected
using ELISA. (B) Percentage of patients and healthy controls positive for anti-SPAG9 antibody. (C) Anti-SPAG9 antibody in serum of patients with cirrhosis
(n=8), patients with hepatitis (n=33) and healthy controls (n=37), as detected by ELISA. SPAGY, sperm-associated antigen 9; HCC, hepatocellular carcinoma.

(94.5%). When anti-SPAG9 and AFP were used in parallel, the
sensitivity and specificity were 90.3 and 83.6%, respectively. In
series, with the anti-SPAGY antibody test conducted first, the
sensitivity and specificity were 45.2 and 98.2%, respectively
(Table IIT). The ROC curve for serum anti-SPAG9 antibody
had an AUC value of 0.870 [P<0.001; 95% confidence interval

(CI),0.793-0.947]. The ROC curve for AFP had an AUC value
of 0.832 (P<0.001; 95% CI, 0.736-0.928; Fig. 3A).

The sensitivity and specificity of anti-SPAGY9 antibody
alone in the differential diagnosis of HCC were 71.0 and 77.8%,
which was higher in sensitivity and lower in specificity than the
value obtained for AFP alone (64.5 and 83.3%, respectively).
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Table III. Diagnostic value of anti-SPAG9 alone and in combination with AFP.

Positive Negative
likelihood likelihood  Youden
Item Sensitivity, %  Specificity, % PPV,% NPV, % ratio ratio index, %
Anti-SPAG9 antibody 71.0 873 759 84.2 5.58 0.33 58.2
AFP 64.5 94.5 87.0 82.5 11.83 0.38 59.1
Parallel use 90.3 83.6 75.7 939 5.52 0.12 74.0
Series use (anti-SPAG9, then AFP) 452 98.2 933 76.1 24.84 0.56 433

SPAGY, sperm-associated antigen 9; AFP, a-fetoprotein; PPV, positive predictive value; NPV, negative predictive value.
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Figure 2. (A) Anti-SPAG?9 antibody in the serum of patients with stage II and with stage III or IV HCC, as detected using ELISA. (B) Percentage of patients with
stage IT or with stage III and IV HCC that were seropositive for anti-SPAG9 antibody. SPAG9Y, sperm-associated antigen 9; HCC, hepatocellular carcinoma.
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Figure 3. (A) ROC curve analysis of the levels of serum anti-SPAG9 antibody and AFP for the diagnosis of HCC. (B) ROC curve analysis of the levels of
serum anti-SPAG9 antibody and AFP to obtain a differential diagnosis of HCC. ROC; receiver operator characteristic; SPAG9, sperm-associated antigen 9;

AFP, a-fetoprotein; HCC, hepatocellular carcinoma.

A combination of anti-SPAG9 antibody with AFP in parallel
obtained a sensitivity and specificity of differential diagnosis of
90.3 and 66.7%, respectively. When anti-SPAG9 antibody and
AFP were used in series, the sensitivity and specificity of diag-
nosis were 45.2 and 94.4%, respectively (Table IV). ROC curves
for serum anti-SPAG9 antibody had an AUC value of 0.729
(P<0.001; 95% CI, 0.559-0.899). The ROC curve for AFP had
an AUC value of 0.842 (P<0.001; 95% CI, 0.732-0.953; Fig. 3B).

Anti-SPAGY antibody levels distinguish between patients with
HCC and with hepatitis/cirrhosis. Anti-SPAG9 antibodies

were detected in 71.0% of patients with HCC, whereas AFP was
detected in 64.6% of patients; this difference was not significant
(P<0.05). Of patients with hepatitis or cirrhosis, 26.8% tested
positive for anti-SPAGY, whereas 13% were positive for AFP,
and this difference was significant (P<0.01). In healthy controls,
8.0% had serum antibodies against SPAG9 and 3.0% expressed
AFP (Figs. 1B and 4). The proportion of male patients with
HCC that were positive for serum anti-SPAG9 antibody was
significantly lower than the proportion of female patients. By
contrast, male patients with HCC were more likely to test posi-
tive for serum AFP compared with female patients (Fig. 5).
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Table IV. Differential diagnostic value of anti-SPAG9 alone and in combination with AFP.

Positive ~ Negative
likelihood likelihood  Youden
Item Sensitivity, %  Specificity, % PPV, % NPV, % ratio ratio index, %
Anti-SPAG9 antibody 71.0 77.8 84.6 60.9 3.19 0.37 48.7
AFP 64.5 83.3 87.0 57.7 3.87 0.43 47.8
Parallel use 90.3 66.7 82.4 80.0 2.71 0.15 57.0
Series use (anti-SPAG9, then AFP) 452 94 4 933 50.0 8.13 0.58 39.6
SPAGY, sperm-associated antigen 9; AFP, a-fetoprotein; PPV, positive predictive value; NPV, negative predictive value.
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Figure 4. (A) Percentage of patients with HCC, hepatitis or cirrhosis and
healthy controls that were seropositive for AFP. (B) Percentage of patients
with hepatitis and cirrhosis that were seropositive for SPAG9 antibody and
AFP. HCC, hepatocellular carcinoma; SPAGY, sperm-associated antigen 9;
AFP, a-fetoprotein.

Discussion

China is a country with a high incidence of viral hepatitis
and high mortality rates due to HCC. In China, AFP is the
only serum biomarker included in the diagnostic criteria for
HCC, whereas other countries suggest the use of a combina-
tion of non-invasive biomarkers for surveillance in high-risk
populations. At present, AFP is the most effective diagnostic
indicator for HCC (36). A recent meta-analysis of the diag-
nostic value of AFP in HCC determined a pooled sensitivity of
66%, a specificity of 86% and an AUC value of 0.87 (37). The
combination of AFP with DCP produced a sensitivity of 55%
for the detection of early-stage HCC and 78% for the diagnosis
of all stages of HCC, with cut-off values of 10 ng/ml for AFP
and 5 ng/ml for DCP (38). The addition of AFP-L3 led to a
further enhancement in sensitivity to 84% (39).

Anti-CTA antibodies are generally absent or present at a
low frequency in healthy individuals, but are highly expressed
by patients with cancer (40,41). The current study therefore

hypothesized that a CTA may serve as a biomarker for HCC.
The results revealed that the serum levels of anti-SPAG9
antibody had a diagnostic sensitivity of 71.0%, a specificity
of 87.3% and an AUC value of 0.870 in patients with HCC.
The combination of AFP with anti-SPAG9 antibody in parallel
had a sensitivity of 90.3%; in series, the specificity was 98.2%.
The level of serum anti-SPAG9 antibody was significantly
higher in patients with HCC than in patients with hepatitis
or cirrhosis and healthy controls. In addition, the serum
anti-SPAGY levels were significantly higher in patients with
stage I HCC compared with those in patients with stage III or
IV disease. These data indicate that anti-SPAGY is a potential
early diagnostic marker for HCC. As the current study evalu-
ated a small cohort of patients, analyses of larger numbers of
patients are required.

The liver is a sexually dimorphic organ, with sex varia-
tions in mitochondrial function, membrane lipid composition,
microsomal enzyme activity, gene expression and immune
responses (42). Sexual dimorphism of the liver alters the
metabolism of drugs and toxins in males and females (43).
This may at least partially explain the observed sex differ-
ences in anti-SPAG9 antibody expression in patients with
HCC. In the current study, the proportion of male patients
with HCC that were positive for serum anti-SPAG9 antibody
was significantly lower compared with the proportion of
female patients. By contrast, male patients with HCC were
more likely to test positive for serum AFP compared with
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female patients. However, the number of female patients
included in the present study was lower than the number of
male patients, and further research requires an expansion in
the study population.

Chronic hepatitis and cirrhosis are common precursor
conditions of HCC. During the process of transition to malig-
nancy,certain patients may develop autoantibodies that were not
present during the precursory chronic liver disease phase (44).
In the present study, the level of anti-SPAGY9 IgG antibody
in patients with cirrhosis was significantly higher compared
with that in patients with hepatitis and healthy controls. This
suggests that the strong humoral immune response triggered
by SPAGY in patients with cirrhosis may be an early marker
for carcinogenesis. A greater number of patients with cirrhosis
tested positive for SPAG9 compared with those who tested
positive for AFP, indicating that the humoral immune response
to SPAG9 may be an effective marker for early screening in
populations with a high risk for HCC.

In conclusion, anti-SPAGY antibody levels in the periph-
eral blood of patients with HCC were significantly higher
compared with those in patients with hepatitis or cirrhosis and
healthy controls. The potential value of SPAG9 as a diagnostic
marker for HCC requires further investigation. Combining
serum anti-SPAG9 antibody and AFP as disease markers may
allow the early diagnosis of HCC.
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