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Adipose most abundant 2 protein 
is a predictive marker for cisplatin 
sensitivity in cancers
Kenya Kamimura1,2*, Takeshi Suda3, Yasuo Fukuhara1, Shujiro Okuda4, Yu Watanabe4, 
Takeshi Yokoo1, Akihiko Osaki5, Nobuo Waguri5, Toru Ishikawa6, Toshihiro Sato7, 
Yutaka Aoyagi8, Masaaki Takamura1, Toshifumi Wakai9 & Shuji Terai1 

Cisplatin (CDDP) is one of the chemotherapeutic drugs being used to treat various cancers. Although 
effective in many cases, as high doses of CDDP cause cytotoxic effects that may worsen patients’ 
condition, therefore, a marker of sensitivity to CDDP is necessary to enhance the safety and efficiency 
of CDDP administration. This study focused on adipose most abundant 2 (APM2) to examine its 
potential as a marker of CDDP sensitivity. The relationship of APM2 expression with the mechanisms 
of CDDP resistance was examined in vitro and in vivo using hepatocellular carcinoma (HCC) cells, 
tissues and serum of HCC patients (n = 71) treated initially with intrahepatic arterial infusion of CDDP 
followed by surgical resection. The predictability of serum APM2 for CDDP sensitivity was assessed in 
additional 54 HCC patients and 14 gastric cancer (GC) patients. APM2 expression in CDDP-resistant 
HCC was significantly higher both in serum and the tissue. Bioinformatic analyses and histological 
analyses demonstrated upregulation of ERCC6L (DNA excision repair protein ERCC6-like) by APM2, 
which accounts for the degree of APM2 expression. The serum APM2 level and chemosensitivity for 
CDDP were assessed and cut-off value of serum APM2 for predicting the sensitivity to CDDP was 
determined to be 18.7 µg/mL. The value was assessed in HCC (n = 54) and GC (n = 14) patients for its 
predictability of CDDP sensitivity, resulted in predictive value of 77.3% and 100%, respectively. Our 
study demonstrated that APM2 expression is related to CDDP sensitivity and serum APM2 can be an 
effective biomarker of HCC and GC for determining the sensitivity to CDDP.
Trial registration: This study was registered with the University Hospital Medical Information Network 
Clinical Trials Registry (UMIN000028487).

Abbreviations
APM2  Adipose most abundant 2
CDDP  Cisplatin
HCC  Hepatocellular carcinoma
GC  Gastric cancer
ERCC6L  DNA excision repair protein ERCC6-like
GAPDH  Glyceraldehyde-3-phosphate dehydrogenase
CMV  Cytomegalovirus
PR  Partial response
SD  Stable disease
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PD  Progressive disease
RECIST  Response evaluation criteria in solid tumors
SNF2  SWI/SNF catalytic subunit SNF2
MAPK  Mitogen-activated protein kinase

Cisplatin (CDDP) is one of the chemotherapeutic drugs used to treat various cancers, including gastrointesti-
nal and hepatobiliary cancers. Among them, liver cancer is one of the leading causes of cancer-related deaths 
 worldwide1,2, and hepatocellular carcinoma (HCC) comprises > 90% of the primary liver cancer patients. For 
HCC, surgery, ablation, chemoembolization, transarterial chemotherapy, and molecularly targeted agents have 
been utilized, depending on the remaining hepatic  function3,4; CDDP is one of the chemotherapeutic drugs 
administered for HCC treatment in advanced stages. Many HCC patients respond to CDDP, which is adminis-
tered via the hepatic artery; however, some HCCs are resistant to CDDP; such tumors are lethal, and adminis-
tration of high doses of CDDP not only is ineffective but also causes cytotoxic effects that may worsen patients’ 
 condition5. Thus, a marker of sensitivity to CDDP is necessary for making appropriate therapeutic decisions.

In this study, we focused on the factor adipose most abundant 2 (APM2) to examine its potential as a marker 
of CDDP sensitivity. APM2 was discovered as the second most abundant transcript in adipose tissue, after adi-
ponectin (APM1); it is located on chromosome 19q23.3, expressing 7.8 kDa of  protein6; it has been reported to 
be expressed in a variety of other tissues, including liver, adipose, and kidney  tissues7; it is known to promote 
proliferation, inhibit apoptosis, and enhance glucose  transport8; it acts as a pro-adipogenesis factor in  adipocytes9; 
and it is also known as  c10orf1198.

APM2 has also been reported to be present in malignant tumors, with APM2 gene overexpression in andro-
gen-ablation-resistant prostate  cancers10, breast cancers with a poor  prognosis11, pancreatic intraepithelial 
 neoplasms12, and CDDP-resistant gastric cancer (GC)13, and the high level of the serum concentration is related 
to urothelial cell  carcinoma14. The in vitro study to overexpress APM2 in colon cancer cell lines has shown CDDP-
resistant transformation of  cells15, suggesting the potential contribution of APM2 to CDDP resistance; however, 
the study was based on the cell line assay using the colon cancer cell lines in vitro, and no clinical information 
and data have been  assessed15. In addition, as colon cancer is intrinsically resistant to CDDP and it is not chosen 
for the chemotherapy in this type of cancer, no clinical relevance has been evidenced to date. More recently, 
the germline polymorphism of APM2 is reported to be related to ovarian cancer with poor  prognoses16, and 
APM2 induces the upregulation of 34 micro-RNAs involved in the Wnt, transforming growth factor β, mitogen-
activated protein kinase (MAPK), and Janus kinase/signal transducers and activators of transcription (Jak-STAT) 
pathways, indicating the oncogenic characteristics of APM2  protein17. And therefore, further study is essential 
to demonstrate the molecular mechanisms of APM2, conducting in vitro study and minute analyses of human 
samples and clinical data that utilize the tumors often treated with CDDP.

Therefore, in this study, we examined the relationship between the APM2 expression in the HCC cell lines 
and its mechanisms for CDDP resistance as well as its expression in the HCC and surrounding background 
liver tissue in the CDDP-treated HCC patients and analyzed the clinical information. In assessing the serum 
level of APM2 and chemosensitivity for CDDP in 71 cases, we determined the cut-off value of serum APM2 for 
predicting sensitivity to CDDP and tested this value in 54 CDDP-treated HCC and 14 chemotherapy-treated 
GC patients, including CDDP. To the best of our knowledge, this manuscript is the first to report the possible 
predictive value of the APM2 levels for CDDP sensitivity.

Methods
Ethical considerations. This basic and observational study protocol with the clinical samples was approved 
by the Ethics Committee and Institutional Review Board of Niigata University School of Medicine (Nos. 751-716 
and G2018-0023, respectively), Niigata City General Hospital (13-010); Saiseikai Niigata Hospital (E13-02); and 
Kashiwazaki General Hospital and Medical Center (H25-05-21) and was registered with the University Hospi-
tal Medical Information Network Clinical Trials Registry (UMIN000028487). A written informed consent was 
obtained from all patients to collect the samples, and the study was conducted in accordance with the ethical 
guidance of the 1975 Declaration of Helsinki. All authors had access to the study data and had reviewed and 
approved the final manuscript.

Cells. Human hepatoma HLE, HLF, HepG2, and Huh7 cell lines were purchased from the Japanese Collec-
tion of Research Bioresources Cell Bank (National Institutes of Biomedical Innovation, Health and Nutrition, 
Ibaraki, Osaka) and were cultured in Minimum Essential Medium, comprising 10% fetal bovine serum and 100 
U/mL of penicillin and streptomycin. The APM2 complementary DNA was cloned in pCMV6-Entry Tagged 
Cloning Vector (OriGene Technologies, Inc., Rockville, MD). Either mock or APM2-cloned vectors were trans-
fected into HLE, HLF, HepG2, and Huh7 cells using FuGENE HD Transfection Reagent (Promega, Madison, 
WI), followed by G418 sulfate selection. From each of the four cell lines, three independent clones were isolated 
and then used for assay.

Expression of APM2, ERCC6L, and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) in cell lines was 
confirmed by reverse transcription polymerase chain reaction (RT-PCR). For this analysis, the RNA Easy Mini 
kit (Qiagen, Valencia, CA) was used to prepare total RNA from cells, according to the protocol recommended 
by the manufacturer. Using SuperScript II Reverse Transcriptase (Invitrogen, Carlsbad, CA), we synthesized 
complementary DNA from 1 to 5 mg of total RNA with an oligo (dT) primer, and we used 1 to 2 aliquots of 
complementary DNA products for PCR with the following primers:
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• APM2 (forward): AAA GGG AGG GCT GGG GCT GAT 
• APM2 (reverse): TGG TCC ACC ACT TGC TGA GCT 
• ERCC6L (forward): GAG CAG GCT GCT CAT TAC CT
• ERCC6L (reverse): CAG GCT ATA GAG GAA AGC TA
• GAPDH (forward): GGT CGG AGT CAA CGG ATT TGG TCG 
• GAPDH (reverse): CCT CCG ACG CCT GCT TCA CCAC 

Multiplex PCR was performed similarly, whereby GAPDH primers were always included as a reference. PCR 
products were separated by electrophoresis in 1% agarose gel and then stained with ethidium bromide for 
visualization.

The PCR protocol was as follows: 10 min at 95 °C, followed by 35 cycles (30 s at 95 °C, 30 s at 55 °C and 1 min 
at 72 °C) and then 7-min extension at 72 °C.

Expression of APM2, ERCC6L, and β-actin protein was confirmed by Western blotting. For this analysis, 
culture cells were suspended in phosphate-buffered saline and mixed with an equal volume of lysis buffer, 0.125 M 
tris–HCl (pH 6.8), 10% sucrose, 10% sodium dodecyl sulfate (SDS), 10% 2-mercaptoethanol, and 0.004% bromo-
phenol blue. The extract was subjected to 14% SDS–polyacrylamide gel electrophoresis and blotted onto Hybond 
membranes (GE Healthcare Life Sciences, Pittsburgh). We used the following antibodies:

• Rabbit anti-APM2 antibody (ab79579; Abcam, Cambridge, UK)
• Rabbit anti-ERCC6L antibody (ab197925; Abcam)
• Rabbit anti-β-actin antibody (ab8227; Abcam)
• Anti-rabbit immunoglobulin G horseradish peroxidase (NA934-1ML; GE Healthcare Life Sciences, Pitts-

burgh)

Protein bands were visualized using the ECL plus Western Blotting Detection System (GE Healthcare Life Sci-
ences, Pittsburgh).

Cell growth assay. Cells were plated in 96-well tissue culture dishes, 2 ×  104 cells per well, in 100 µL of 
the medium. Some were treated with CDDP or epirubicin with the doses determined based on the previously 
reported  studies18,19. Water-soluble tetrazolium salt (WST) reagents were added to the cells at the indicated times 
after the treatment; then the cells were counted using the Premix WST-1 Cell Proliferation Assay System (Takara 
Inc., Kyoto, Japan).

Expression of APM2 in vivo and clinical course. Computed tomographic studies of HCC after the 
CDDP infusion were performed 4 to 6 weeks after chemotherapy as a standard follow-up of the therapeutic 
effect. The tissue samples for the analyses were obtained from the HCC tumor cells surgically resected in Niigata 
University Hospital; some samples came from patients who had received CDDP before the resection, while some 
from those who had no therapeutic intervention. The blood samples for enzyme-linked immunosorbent assay 
(ELISA) were collected from the HCC patients in Niigata University Hospital, Niigata City General Hospital, 
Saiseikai Niigata Hospital, and Kashiwazaki General Hospital and Medical Center, before administering any 
chemotherapeutic agents. The blood samples from the GC patients were collected in Niigata University Hospital 
before the chemotherapy, including CDDP, regardless of the prior therapeutic options. The unstained slides 
for skin, kidney, and adipose tissues were obtained from patients who underwent biopsy for diagnosis of their 
diseases, all with a written informed consent. Tissues of the skin and kidneys, adipose tissue, and HCC tumor 
cells and the surrounding liver tissues were stained with hematoxylin and eosin and with the following immu-
nohistochemical stains: anti-APM2 antibody (ab79579; Abcam, Cambridge, UK), anti-ERCC6L (ab197925; 
Abcam), Vectastain Elite ABC rabbit immunoglobulin G kit (PK-6101; Vector Laboratories, Burlingame, CA), 
and 3,3′-diaminobenzidine chromogen tablets (Muto Pure Chemicals, Tokyo, Japan). Supplementary Fig. S1a 
and S1b show the negative control staining, in which the primary antibody was omitted. Expression of APM2 
and β2-microglobulin (B2M) was confirmed by RT-PCR as described earlier. The primers used for B2M expres-
sion analyses were:

• B2M (forward): GGC TAT CCA GCG TAC TCC AAAG 
• B2M (reverse): CAA CTT CAA TGT CGG ATG GATG 

Images were captured from each tissue section randomly, and a quantitative analysis was performed using ImageJ 
software (version 1.6.0_20; National Institutes of Health, Bethesda, MD)20.

Enzyme-linked immunosorbent assay. Blood samples were used for serum APM2 concentration anal-
ysis by ELISA with rabbit anti-APM2 antibody (ab79579; Abcam, Cambridge, UK) and Protein Detector HRP 
Microwell Kit, Anti-Rabbit (5110-0010; SeraCare, Milford, MA), according to the manufacturers’ instructions.

Microarray and bioinformatic analyses. The SurePrint G3 Human Gene Expression (v2) Microarray 
Kit (Agilent Technologies, Inc., Santa Clara, CA) and GeneSpring GX, version 14.5.1 (Agilent Technologies, 
Inc.), were used in comparing the gene expression levels in mock-transfected and APM2-transfected HLE. A 
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total of 6169 genes with more than twofold differences in expression were clustered hierarchically according to 
the level of gene expression. Ten groups were assessed with related gene expressions using gene ontology term 
analyses. The gene ontology terms were selected on the basis of Fisher’s exact test, followed by the Benjamini-
Yekutieli correction method. To construct a molecular interactions network, the protein–protein association 
data of the Search Tool for the Retrieval of Interacting Genes/Proteins (STRING)  database21 was imported to 
 Cytoscape22 with the stringApp plugin software. STRING imports protein association knowledge from data-
bases of physical interaction and of curated biological pathway knowledge. From the protein–protein association 
network, proteins with a cut-off of 0.4 edge confidence score (default value) were selected, and the molecular 
interaction network was constructed with the default settings in Cytoscape.

Statistical analyses. The obtained data were analyzed using either the paired t-test or a one-way/two-
way factor repeated-measures analysis of variance, followed by Bonferroni’s multiple comparison test. Receiver 
operating characteristic (ROC) curves were used to determine the cut-off value of serum APM2 concentration 
using Graphpad Prism 7 software (version 7.03; MDF, Tokyo). P ≤ 0.05 was considered statistically significant.

Consent for publication. A written informed consent was obtained from all patients to publish the results 
based from the samples and images.

Results
Expression of APM2 in organs. Immunohistochemical testing was performed on normal skin, kidney, 
muscle, and fat tissues to determine the APM2 expression in the tissue (Fig. 1a–f). The results show that APM2 
was expressed in adipose, kidney, and liver tissues but not in the skin. The levels of both the APM2 gene and the 
APM2 protein in the liver in the HCC tumor and noncancerous surrounding liver tissues varied in 12 patients, 
who had had no chemotherapy, as determined by RT-PCR and immunohistochemical testing (Fig. 1g–k). In a 
few patients, the changes shown in the APM2 gene expression differed between the tumor area and surround-
ing areas of the resected liver tissue. For example, the black arrow in Fig. 1g indicates that the case showed 
an increased APM2 gene expression in the tumor, whereas the white arrow indicates that the case showed no 
significant changes between the tumor and surrounding area. Supplementary Fig S1c and S1d shows the rep-
resentative image of the section consisting of both normal and HCC tissues, suggesting APM2′s expression in 
various organs, as previously reported, and its expression level’s variability in the liver when the tumor is present.

Effect of APM2 expression in HCC cells on the CDDP sensitivity. To examine the molecular func-
tion of APM2 on the liver cancer cells, we produced APM2-overexpressing cell lines by transfecting plasmid 
DNA-expressing human APM2 into four cancer cell lines: HLE, HLF, HepG2, and Huh7. Figure 2a shows the 
APM2 gene and APM2 protein expression in the transfected HLE cell line (for HLF, HepG2, and Huh7, see Sup-
plementary Fig. S1e). A slight endogenous level of APM2 expression can be seen in the HepG2 cells, whereas 
the significant overexpression of APM2 was achieved by transfection. In comparison with the mock cells trans-
fected with the plasmid with no APM2 gene, the APM2-overexpressing cells showed no significant difference 
in growth rate under the normal culture condition determined by the cell growth assay (Fig. 2b–e). However, 
after administering 20 µM or 5 µM of CDDP into the medium, the cell lines with APM2 overexpression had a 
significantly higher growth rate than did the mock-transfected cells, in which the cell growth was inhibited by 
CDDP (Fig. 2f–m). This phenomenon was not observed with other chemotherapy agents, including epirubicin, 
which is known to inhibit the growth of HCC cells (Fig. 2n–u), indicating that APM2 overexpression induced 
resistance to CDDP in HCC cells.

Gene expression analyses. To determine the molecular mechanism of chemoresistance to CDDP, the 
gene expression in mock-transfected HLE and APM2-transfected HLE were compared using DNA microar-
ray analyses. Figure 3a, b shows the representative data from the HLE cell lines. The analysis of gene ontology 
terms after the hierarchical clustering of genes showed gene differences in terms of cell death, cell cycle, DNA 
repair, DNA/chromatin, transporter, kinase activity, and other characteristics, which were grouped as C1 to C10 
(Fig. 3c, d). Enrichment analyses were performed on the basis of these gene expressions; those that were more 
than fivefold higher were used in developing the molecular interactions network (see Materials and Methods sec-
tion) (Fig. 3e). Of importance was the network’s significant relation to the C3 and C10 groups, determined by the 
clustering analysis, including cell cycle, DNA/chromatin, binding, and DNA repair (corrected p < 0.05) (Fig. 3e). 
These groups include genes of E2F2 (23.4-fold change), BRCA1-interacting protein 1 (27.5-fold change), Thy-
mosin Beta gene (69.2-fold change), etc., which are related to the cell growth. Among these genes, we focused 
on ERCC6L, with a 23.466-fold higher expression in APM2-overexpressed cells, because it has been reported to 
be related to DNA repair and chromosomal  instability23, cell  growth24–27, and cell  cycle28. ERCC6L expression 
was significantly higher in all four APM2-overexpressed cell lines, as shown in RT-PCR (Fig. 4a) and Western 
blotting (Fig. 4b). A significantly high relative ratio of ERCC6L protein expression in APM2-overexpressed cells 
to that in mock-transfected cells was noted (Fig. 4c).

APM2 expression in human HCC and CDDP sensitivity. To examine the relationship between the 
APM2 levels in HCC and in surrounding liver tissues, as well as sensitivity to CDDP treatment, the liver tissues 
of patients treated first with hepatic arterial infusion of CDDP and then with surgical resection were subjected 
to immunohistochemical analyses. On the basis of the clinical course, the expression of APM2 was assessed in 
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patients with partial response (PR group) to treatment, those with a stable disease (SD group), and those with a 
progressive disease (PD group) after CDDP administration. Representative computed tomographic images are 
shown in Fig. 5a–f.

Positively stained areas were quantitatively analyzed in several cases in each group (4, 6, and 3 in the PR, SD, 
and PD groups, respectively) (Fig. 5g–s), the results of which indicate a significantly higher APM2 expression in 
the tumor tissue among patients in the PD group than in those of the PR and SD groups (p < 0.001) (Fig. 5s). In 
addition, a significantly higher level in the surrounding tissue of patients in the PD group than in that of patients 
in the PR group (p < 0.01) was noted. To determine whether ERCC6L expression was correlated with both APM2 

Figure 1.  Expression of APM2 in various tissues. (a–c) Hematoxylin and eosin staining of (a) normal skin 
tissue, (b) normal kidney tissue, and (c) normal adipose tissue. (d–f) Immunohistochemical staining of APM2 
of (d) normal skin tissue, (e) normal kidney tissue, and (f) normal adipose tissue. The scale bar represents 
100 µm. (g–k) The level of APM2 in the liver and hepatocellular carcinoma (HCC) from patients who had 
received no chemotherapy. (g) Expression of APM2 gene in the surrounding liver tissue (SL) and HCC in 12 
patients. B2M, β2 microglobulin. The black arrow indicates that the case showed an increased level of APM2 
gene expression in the tumor, whereas the white arrow indicates that the case showed no significant changes 
between the tumor and surrounding area. The significance of APM2 gene expression was examined using the 
paired t-test. (h–k) Representative immunohistochemical staining of APM2 in the liver tissues (h, i) and the 
HCC tissues (j, k) of each case. The scale bar represents 100 µm.
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expression and CDDP chemosensitivity in human tissues, the tumors were subjected to immunohistochemical 
analyses (Fig. 5t–v). The expression of ERCC6L was significantly higher in PD tumors, which showed a poorer 
response to CDDP (Fig. 5v) than in PR (Fig. 5t) (p < 0.001) or SD tumors (Fig. 5u) (p < 0.05), and it was signifi-
cantly higher in the SD group than in the PR group (p < 0.05) (Fig. 5w), suggesting that the APM2 expression 
may contribute to ERCC6L upregulation in the HCC tissue and may be related to the chemosensitivity to CDDP.

Serum APM2 concentration and sensitivity of HCC to CDDP. To determine serum APM2 concen-
tration as a potential biomarker of CDDP sensitivity, as it is secreted into the blood stream, the APM2 serum 
level was tested with ELISA in 71 HCC patients who were treated with CDDP intra-arterial infusion (Table 1). 
The concentration of serum APM2 and the response to CDDP administration were assessed according to the 
response evaluation criteria in solid tumors  classification29. The mean serum concentrations were 4.81 ± 9.2 µg/
mL in the PR group (n = 27), 17.7 ± 23.6 µg/mL in the SD group (n = 19), and 52.7 ± 10.2 µg/mL in the PD group 

Figure 2.  Effect of APM2 expression in HCC cells on the CDDP sensitivity. (a) The development of adipose 
most abundant 2 (APM2) overexpressing hepatocellular carcinoma (HCC) cell lines. Representative reverse 
transcription polymerase chain reaction (RT-PCR) of APM2 and glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH), and Western blotting of APM2 and β-actin in APM2 overexpressing HLE. The images were grouped 
from the different gels and separated with the spaces. The cell growth of HCC cell lines and the permanent 
clones overexpressing APM2 determined the cell growth assay. (b–e) Cell growth of cell lines with no chemicals. 
(f–i) Cell growth with CDDP of 20 µM and (j–m) 5 µM. (n–q) Cell growth with epirubicin (EPI) of 10 µg/mL 
and (r–u) 5 µg/mL. The values are expressed as mean ± standard deviation (n = 5 for each group at time points). 
*p < 0.05, **p < 0.01, ***p < 0.001, and NS, no statistical significance. Two-way analysis of variance followed by 
Bonferroni’s multiple comparisons test.
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Figure 3.  Microarray and bioinformatic analyses. Microarray analyses were performed to compare the levels of gene 
expression in mock-transfected HLE and APM2-transfected HLE. A total of 6169 genes with more than two-fold differences 
in the expression were clustered hierarchically according to level of gene expression. (a) Downregulated (> 2 folds) and 
(b) upregulated (> 2 folds) genes. The color represents the expression level of the gene: green represents low changes of 
expression, whereas red represents high changes of expression. The expression levels are continuously mapped on the color 
scale (a, 2–247.1-fold change; b, 2–69.2-fold change). (c, d) Ten groups were assessed with related gene expressions using 
gene ontology term analyses. (e) Gene expression network analysis based on the microarray assays using the in vitro APM2 
overexpressing cell lines (HLE). Inset focuses on the significantly related genes. APM2, adipose most abundant 2.
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Figure 3.  (continued)
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(n = 25); the serum concentration was thus significantly higher in the PD group than in the SD group (p < 0.05) 
and the PR group (p < 0.001) (Fig. 6a). The ROC curves to determine a cut-off value for the PR and SD groups, in 
comparison with a cut-off for the PD group, revealed that the area under the curve was 0.8196 (95% confidence 
interval: 0.72 to 0.92; p < 0.0001). The serum APM2 concentration’s cut-off value was determined as 18.7 µg/mL, 
with a sensitivity and specificity of 84.0% and 71.7%, respectively (Fig. 6b).

To examine whether the cut-off value of serum APM2 concentration could help predict the anti-tumor effect 
of CDDP, we assessed the serum APM2 levels in 54 HCC patients treated with CDDP (Fig. 6c) as a prospec-
tive observational study. These patients included 40, who were determined to have PR or SD, and 14 to have 
PD. The serum was collected before the treatment, and the assessment of the anti-tumor effect was conducted 
within 1 month after CDDP treatment. The negative predictive value (predicting that HCC was not PD) at a 
serum APM2 level of < 18.7 µg/mL was 77.3% (Fig. 6c). In addition to the HCC patients, the same assessment 
was conducted for GC patients treated with chemotherapy, including CDDP (n = 14), with a negative predictive 
value of 100% (Fig. 6d).

Discussion
Our study suggested that APM2 expression is related to CDDP sensitivity in HCC cells and serum APM2 
can be an effective biomarker of HCC and GC for determining the sensitivity to CDDP. The serum APM2 
level was correlated with ERCC6L expression levels, and the cut-off value of 18.7 µg/mL enabled the effective 
prediction in the patients of HCC and CDDP-treated GC, according to the prospective study results. APM2 is 
known to be highly expressed in adipose, kidney, gastrointestinal tract, and prostate tissues, among  others30, 
and is localized primarily within the  nucleus9. As a nuclear factor, it helps to modulate various transcription 
 factors9 and has been reported to be related to the malignancy potential of  cancers8–17. However, no reports 
have clearly shown the relation between APM2 and malignancy potential or its effect in HCC. Our results 
explain the correlation between APM2 expression and development of resistance to CDDP by showing the 
upregulation of ERCC6L in vitro and in vivo.

CDDP is currently used to treat head and neck, esophageal, colorectal, bladder, lung, ovarian, and testicular 
cancers, as well as  HCC31, and it binds to DNA and inhibits its replication by generating unrepairable DNA 
lesions that arrest cell proliferation and cause  apoptosis31. CDDP resistance can be caused by the following: 
(1) alterations in the binding of CDDP to the targets; (2) alteration of the signaling pathways by CDDP, such 
as the increase in DNA repair, tolerance of DNA lesions, and activation of the cell cycle; (3) alterations of 
signaling pathways triggered by the molecular damages, such as inhibition of cell death; and (4) alterations of 

Figure 4.  ERCC6L expression in the HCC cell lines with APM2 overexpression. (a) ERCC6L expression in 
the HCC cell lines assessed by RT-PCR. (b) ERCC6L expression in the HCC cell lines assessed by Western 
blotting. The images were grouped from the different gels and separated with the spaces. (c) A quantitative 
analysis of ERCC6L protein expression in the cell lines. Relative band ratio using the band intensities of β-actin 
as references. Results are expressed as mean, and error bars are expressed as standard deviations of three 
independent experiments. APM2, adipose most abundant 2.
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Figure 5.  The APM2 expression in the liver tissue and chemosensitivity to CDDP. The representative computed 
tomography images before and after the transcatheter arterial infusion of cisplatin (CDDP) to the hepatocellular 
carcinoma (HCC) resulted in the partial response (PR), stable disease (SD) and progressive disease (PD). White 
arrows indicate the tumors. (a, b) PR case, (c, d) SD case, (e, f) PD case. White arrows indicate the tumor. 
(g–r) Representative histological analyses. Hematoxylin and eosin staining of surrounding liver tissue (SL) and 
HCC in PR case (g, h), SD cases (k, l) and PD case (o, p). Immunohistochemical staining of APM2 of SL and 
HCC in PR case (i, j), SD cases (m, n) and PD case (q, r). The scale bar represents 100 µm. (s) A quantitative 
analysis of positively stained area in SL and HCC tissues with APM2. For quantitative measurements, 3 
representative images from each patient in 3 groups (PR, n = 4, SD, n = 6, PD, n = 3) were captured at a final 
magnification of × 200. Quantification was performed measuring the integrated density in pixels using the 
ImageJ software (version 1.6.0_20, National Institutes of Health, USA). The APM2 stained/negative control 
ratio of the integrated density in pixels was calculated as the relative integrated density. The values represent 
means ± standard deviations. APM2, adipose most abundant 2. **p < 0.01, ***p < 0.001, One-way analysis of 
variance followed by Bonferroni’s multiple comparison test. (t–v) The ERCC6L expression in the liver tissue and 
chemosensitivity to CDDP. The representative immunohistochemical staining of ERCC6L in the hepatocellular 
carcinoma (HCC) showed partial response (PR), stable disease (SD) and progressive disease (PD). (t) PR case, 
(u) SD case, (v) PD case. The scale bar represents 100 µm. (w) A quantitative analysis of positively stained 
cells with ERCC6L in 3 groups (PR, n = 4, SD, n = 6, PD, n = 3). Quantification was performed measuring the 
integrated density in pixels using the ImageJ software (version 1.6.0_20, National Institutes of Health, USA). The 
ERCC6L stained/negative control ratio of the integrated density in pixels was calculated as the relative integrated 
density. The values represent means ± standard deviations. *p < 0.05, ***p < 0.001, One-way analysis of variance 
followed by Bonferroni’s multiple comparison test.
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molecular pathways not directly related to CDDP signaling  pathways31,32. Our microarray and bioinformatic 
analyses (Fig. 3) demonstrated the listed second and third causes, and the enrichment analyses indicated the 
significant relation between ERCC6L and APM2 overexpression and CDDP resistance.

Among the various excision repair pathways related to CDDP  resistance33–37, ERCC proteins and polo-like 
kinase  133 have been reported to be involved. ERCC6L is a DNA helicase and a protein of the SNF2 family of 
DNA translocases that binds to ultra-fine DNA bridges in mitosis; together with topoisomerase II, it prevents 
chromosome mis-segregation and interacts with polo-like kinase 1; thus, it is known as polo-like kinase 
1-interacting checkpoint  helicase28. In addition, ERCC6L promotes clinical progression of tumors and worsens 
the prognosis of human colorectal  cancer24 and chromophobe renal cell  carcinoma25 by modulating MAPK 
 signaling26 and preserving chromosomal integrity in rapidly proliferating cells, including tumor  cells23. And 
the suppression of ERCC6L in breast cancer has also been reported to inhibit tumor cell  growth27. Therefore, 
our results suggest that the ERCC6L activation via APM2 expression helps HCC become CDDP resistant by 
promoting cell growth under DNA damage by CDDP.

According to our results, determining the serum APM2 concentration could help predict chemosensitivity 
to CDDP. APM2 partly contributes to ERCC6L expression in the tumors as a nuclear  factor9 and enhances gene 
expressions of cell cycle and DNA/chromatin DNA  repairs38, including ERCC6L; therefore, it can serve as a 
biomarker for the predictor of sensitivity to CDDP. The use of this biomarker in clinical practice to determine 
chemosensitivity will enhance the safety and efficiency of CDDP administration. This study thus represents a 

Figure 5.  (continued)
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milestone for detecting CDDP sensitivity, and further study will help modify APM2 expression, which could 
contribute to the chemosensitization of the tumor.

The limitations of our study are as follows: lack of a molecular-based analysis of the direct link between APM2 
and ERCC6L and molecular function of ERCC6L, limited sample size, and limited number of cell lines used. 
Therefore, further basic research, focusing on the molecular mechanisms of APM2 to determine how it affects 
ERCC6L and other related molecules, is needed. In addition, as microarray and bioinformatic analyses indicate 
the potential correlation of various genes, further assessment using human samples is essential in determining the 
biological role of APM2. Furthermore, the usefulness of APM2 as a biomarker in predicting the CDDP sensitiv-
ity in other cancers, including GC for which the number was small in our study, should be examined clinically.

Conclusions
Our results demonstrated the significant relationship between the high level of APM2 expression in serum 
and HCC and surrounding liver tissue and CDDP resistance. This mechanism is based on the upregulation of 
ERCC6L protein by APM2 to promote cell growth, as also evidenced by the bioinformatic analyses using the 
various HCC cell lines and histological analyses of the collected liver samples. In addition, to the best of our 
knowledge, this is the first report to demonstrate that the serum level of APM2 can be the predictor of the CDDP 
chemosensitivity.

Table 1.  Patient characteristics. The values represent median and range. Kruskal–Wallis test was followed by 
Dunn’s multiple comparison test. HBV hepatitis B virus, HCV hepatitis C virus, PD progressive disease, PR 
partial response, SD stable disease.

Group

PR SD PD Kruskal–Wallis test

n = 27 n = 19 n = 25 P value

Characteristics

Age (years) 0.95

 Median 72.0 70.0 70.0

 Range 62–80 55–78 49–82

Gender 0.35

 Female 6 7 7

 Male 21 12 18

Etiology 0.89

 HBV infection 7 4 4

 HCV infection 14 10 15

 Nonalcoholic steatohepatitis 3 3 2

 Alcohol 3 2 3

 Autoimmune hepatitis 0 0 0

 Primary biliary cirrhosis 0 0 1

Cirrhosis

 Yes/no 24/3 16/3 25/0

Child–pugh grade 0.43

 A 22 14 23

 B 2 2 1

 C 0 0 1

AFP (ng/ml) 0.12

 Median 40.6 15.2 21.2

 Range 3.5–6390 2.1–9146 2.0–3336
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