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Abstract. Transmembrane protein 165 (TMEM165), a Golgi 
protein, functions in ion homeostasis and vesicular trafficking 
in the Golgi apparatus. While mutations in TMEM165 are 
known to cause human ‘congenital disorders of glycosylation’, 
a recessive autosomal metabolic disease, the potential associa-
tion of this protein with human cancer development has not 
been explored to date. In the present study, we revealed that 
TMEM165 is overexpressed in HCC and its depletion weakens 
the invasive activity of cancer cells through suppression of 
matrix metalloproteinase‑2 (MMP‑2) expression. Levels of 
TMEM165 mRNA and protein were clearly increased in HCC 
patient tissues and cell cultures. Quantitative real‑time RT‑PCR 
analysis of fresh HCC tissues (n=88) revealed association of 

TMEM165 overexpression with more frequent macroscopic 
vascular invasion, microscopic serosal invasion and higher 
α‑fetoprotein levels. Notably, depletion of TMEM165 led to 
a marked decrease in the invasive activity of two different 
HCC cell types, Huh7 and SNU475, accompanied by down-
regulation of MMP‑2. Our collective findings clearly indicated 
that TMEM165 contributed to the progression of HCC by 
promoting invasive activity, supporting its utility as a novel 
biomarker and therapeutic target for cancer.

Introduction

Hepatocellular carcinoma (HCC) is the most common form 
of primary liver cancer in adults and the third leading cause 
of cancer‑related mortality worldwide  (1). HCC occurs 
most frequently in patients with chronic liver disease and 
cirrhosis (2). The common risk factors of HCC include hepa-
titis B and C virus infection, heavy consumption of alcohol, 
exposure to aflatoxin B1 and non‑alcoholic steatohepatitis (3). 
Despite significant advances in diagnosis and treatment, liver 
resection and transplantation are considered the only curative 
options at present (3). To date, no effective treatment strate-
gies have been developed for patients with advanced HCC, 
including the approved therapeutic agent, sorafenib (4), owing 
to chemoresistance and excessive cytotoxicity resulting in 
dismal prognosis (5). Therefore, identification of early and 
effective diagnostic markers and therapeutic targets for this 
disease remains an urgent unmet medical need.

The discovery of genes involved in tumor progression 
has prompted research into various methods of therapeutic 
intervention. Based on advances in genome‑wide technology 
in cancer research, we established a microarray dataset to 
identify the genes responsible for dismal prognosis in earlier 
studies (6‑8). In the present study, transmembrane protein 165 
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(TMEM165), a Golgi protein (9), was shown to be associ-
ated with aggressive characteristics of HCC. TMEM165 is 
a highly conserved hydrophobic protein of 324 amino acids 
that contains 7 transmembrane‑spanning domains according 
to topology predictions (10). Recent research has revealed 
that mutations in TMEM165 were associated with a rare 
autosomal recessive disease designated ‘congenital disorders 
of glycosylation’ leading to defects in metabolic processes 
through impairment of galactosylation and sialylation of 
N‑glycoproteins (10‑14). The majority of congenital disor-
ders of glycosylation are caused by defects in glycosylation 
machinery components, such as SLC35A1, B4GALT1 and 
MGAT2 (15‑17). In contrast to the glycosylation‑governing 
proteins, TMEM165 maintains Golgi ion homeostasis and 
vesicular Golgi trafficking (18). While TMEM165 has been 
extensively characterized in association with congenital disor-
ders of glycosylation, its relationship with cancer remains to 
be determined. HCC‑related proteins have been identified 
in multiple cellular compartments, including the nucleus, 
cytoplasm, mitochondria and plasma membrane. However, 
association of Golgi proteins with HCC has rarely been docu-
mented in the literature to date. To the best of our knowledge, 
GP73 (a 73‑kDa Golgi transmembrane protein) is the protein 
that has been relatively well documented as a useful serum 
biomarker for HCC and shown to be involved in the progres-
sion of benign liver disease (17,19,20). In the present study, we 
identified a Golgi transmembrane protein, TMEM165, that is 
overexpressed in HCC patient tissues. TMEM165 expression 
was significantly associated with high levels of α‑fetoprotein as 
well as presence of macroscopic vascular and serosal invasion. 
Consistently, TMEM165 depletion attenuated invasion activi-
ties of HCC cells via decrease in MMP‑2 expression. Our 
findings revealed that TMEM165 could serve as a novel HCC 
marker associated with cancer aggressiveness and presents a 
potential therapeutic target.

Materials and methods

Patients and tissue samples. HCC tissues were acquired 
from patients with HCC subjected to hepatic surgery between 
September 1992 and December 2004 at Korea Cancer Center 
Hospital. A total of 88 HCCs used in the present study included 
33 pair‑matched HCC and adjacent liver tissues, and 55 HCC 
tissues. Normal liver tissues were obtained from patients with 
colon or rectal cancer, metastasized into liver, who underwent 
surgical resection at Seoul National University Hospital and 
Korea Cancer Center Hospital. The adjacent liver tissues 
around these metastatic cancers were regarded and used as a 
normal liver (n=15) when liver fibrosis as well as HCC were 
not observed in the patients. Our study was approved by the 
Institutional Review Boards of Korea Cancer Center Hospital 
and Seoul National University Hospital. Written informed 
consent was either waived by the Institutional Review 
Board of Korea Cancer Center Hospital or received from 
patients at Seoul National University Hospital, respectively. 
Clinicopathological information collected retrospectively was 
utilized to examine associations between TMEM165 expres-
sion patterns and HCC characteristics. Fibrosis was graded on 
a scale of 0‑4 (stage 0, not present; stage 1, portal; stage 2, 
periportal; stage 3, septal; and stage 4, cirrhosis).

Cell culture and siRNA transfection. Cell lines were obtained 
from two institutions. The cell lines, SNU354, SNU398, 
SNU449, SNU475, SNU739 and Huh7 were purchased from 
the Korean Cell Line Bank (Seoul, South Korea) and the 
cell lines, Hep3B, HepG2, BJ, IMR90, WI38, normal Small 
Airway (PCS‑301‑010) and Prostate (PCS‑440‑010) epithelial 
cells from the American Type Culture Collection (ATCC; 
Manassas, VA, USA). Huh7, SNU354, SNU398, SNU449, 
SNU475 and SNU739 cells were cultured in RPMI‑1640 
medium (LM 011‑01; Welgene, Daegu, Korea) and BJ, IMR90, 
WI38, HepG2 and Hep3B were cultured in MEM (LM 
007‑07; Welgene) supplemented with 10% (w/v) fetal bovine 
serum (FBS; JR Scientific, Inc., Woodland, CA, USA) and 
1% (w/v) penicillin/streptomycin (Welgene) at 37˚C. Normal 
small Airway and Prostate epithelial cells were cultured in 
Airway Epithelial Basal media (ATCC PCS 300‑030) supple-
mented with Bronchial Epithelial Cell Growth kit (ATCC 
PCS‑300‑040) and Prostate Epithelial Cell Basal Medium 
(ATCC PCS‑440‑030) supplemented with Prostate Epithelial 
Cell Growth kit (ATCC PCS‑440‑040), respectively. For 
knockdown of TMEM165, siRNA transfection was performed 
using Lipofectamine RNA iMAX reagent (cat. no. 13778030; 
Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) according to the manufacturer's instructions. The 
following siRNA sequences were used: TMEM165 siRNA#1, 
5'‑AGC​CAU​CAU​GGC​AAU​GCG​CUA​UU‑3' (sense) and 
5'‑UAG​CGC​AUU​GCC​AUG​AUG​GCU​UU‑3' (antisense); and 
TMEM165 siRNA#2, 5'‑UUG​GGU​AGG​ACA​CCC​AAU​AUA​
UU‑3' (sense) and 5'‑UAU​AUU​GGG​UGU​CCU​ACC​CAA​
UU‑3' (antisense).

RNA extraction and cDNA synthesis. Total RNA was 
extracted from cultured cells and fresh tissues using the 
RNeasy Mini Kit (cat. no. 74106; Qiagen, Inc., Valencia, CA, 
USA) according to the manufacturer's protocol. The quality 
and concentration of isolated total RNA were determined 
using a NanoDrop ND‑1000 spectrophotometer (NanoDrop; 
Thermo Fisher Scientific, Inc., Wilmington, DE, USA). RNA 
samples were stored at ‑80˚C until gene expression analysis. 
cDNA was synthesized using the iScript reverse transcriptase 
kit (cat. no. 170890; Bio‑Rad Laboratories, Inc., Hercules, CA, 
USA) in keeping with the manufacturer's protocol.

Quantitative and semi‑quantitative RT‑PCR. Quantitative 
RT‑PCR was performed with the KAPA SYBR FAST 
Universal qPCR kit (kit code: KK4301; Kapa Biosystems, 
Inc., Boston, MA, USA) on the CFX96 Real‑Time RT‑PCR 
Detection System (Bio‑Rad Laboratories, Inc.). The primer 
sequences used for real‑time RT‑PCR were: TMEM165 
forward, 5'‑GGC​AGT​AAT​TGG​AGG​AAG​AAT​GAT​AGC‑3' 
and reverse, 5'‑ACC​AGA​ATC​AGG​GCT​TAT​AAAT​AGT​
GC‑3'; and β2‑microglobulin forward, 5'‑AAG​GAC​TGG​TCT​
TTC​TAT​CTC​TTG​TA‑3' and reverse, 5'‑ACT​ATCT​TGG​
GGT​GTG​ACA​AAG​TC‑3'. Median Ct values from triplicate 
experiments were used for statistical analyses and TMEM165 
levels were normalized to median β2‑microglobulin expres-
sion. Relative TMEM165 expression in HCC and adjacent 
liver tissues, compared to that in normal liver tissues, 
was analyzed using the comparative threshold cycle 2‑ΔΔCt 
method. Semi‑quantitative RT‑PCR was performed using 
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the Maxime PCR PreMix kit (cat.  no.  25185; iNtRON 
Biotechnology, Kyungi‑do, Korea) and the following 
primers: TMEM165 forward, 5'‑GGC​AGT​AAT​TGG​AGG​
AAG​AAT​GAT​AGC‑3' and reverse, 5'‑ACC​AGA​ATC​AGG​
GCT​TAT​AAA​TAG​TGC‑3'; β2‑microglobulin forward, 
5'‑GTG​CTC​GCG​CTA​CTC​TCT​CT‑3' and reverse, 5'‑CGG​
CAG​GCA​TAC​TCA​TCT​TT‑3'; MMP‑1 forward, 5'‑ACA​
AAG​TTG​ATG​CAG​TTT​TCA‑3' and reverse, 5'‑GAA​TCC​
ATA​AGC​CAC​AAA​CTT‑3'; MMP‑2 forward, 5'‑ATC​TTT​
GCT​GGA​GAC​AAA​TTC‑3' and reverse, 5'‑AAC​TTC​ACG​
CTC​TTC​AGA​CTT‑3'; MMP‑9 forward, 5'‑AAC​TTT​GAC​
AGC​GAC​AAG​AA‑3' and reverse, 5'‑TTG​AAC​AAA​TAC​
AGC​TGG​TTC‑3'; MMP‑13 forward, 5'‑CCC​AAA​ATT​TTC​
TAC​CTC​TGA‑3' and reverse, 5'‑TTT​TGA​TGA​TGA​TGA​
AAC​CTG‑3'; β‑actin forward, 5'‑GGA​CTT​CGA​GCA​AGA​
GAT​GG‑3' and reverse, 5'‑AGC​ACT​GTG​TTG​GCG​TAC​
AG‑3'; RPS26 forward, 5'‑CCA​AGG​ACA​AGG​CCA​TTA​
AG‑3' and reverse, 5'‑AGC​ACC​CGC​AGG​TCT​AAA​TC‑3'; 
and GAPDH forward, 5'‑GTC​AGT​GGT​GGA​CCT​GAC​
CT‑3' and reverse, 5'‑TGC​TGT​AGC​CAA​ATTC​GTTG‑3'. 
The optimal PCR cycle for each primer set was determined 
by monitoring PCR products harvested at 2‑cycle intervals 
with at least 3 different cycles. PCR amplification was 
performed with an initial 2 min of denaturation at 94̊C, 
followed by cycling a 20 sec denaturation at 94̊C, 10 sec 
annealing at 55̊C and 30 sec extension at 72̊C with a final 
5  min extension at 72̊C. The final PCR products were 
loaded on agarose gels and mRNA levels quantitated using 
NIH ImageJ software (http://rsb.info.nih.gov/ij).

Western blot analysis. Total tissue samples were homog-
enized in lysis buffer [50 mM Tris‑HCl, pH 7.4, 150 mM 
NaCl, 5  mM EDTA, 1% (v/v) Nonidet P‑40, 0.1% (w/v) 
sodium dodecyl sulfate, 0.5% (w/v) sodium deoxycholate] 
including protease inhibitor cocktail (cat. no. P3100‑010; 
GenDEPOT, Inc., Barker, TX, USA) and placed on ice for 
20 min. After incubation, tissues were centrifuged for 20 min 
at 13,000  x  g at 4˚C and the supernatant fractions were 
collected. Quantified and sampled proteins were separated 
on a 12.0% (w/v) SDS gel and transferred to nitrocellulose 
membranes (cat. no. 10401396; Whatman, Maidstone, UK). 
Next, the membranes were blocked with 5% (w/v) skim milk 
in TBS with Tween‑20 (TBS‑T) buffer [25 mM Tris‑HCl, 
pH 7.4, 140 mM NaCl, 2.7 mM KCl, 0.05% (w/v) Tween‑20] 
for 1 h at room temperature, followed by incubation with 
primary antibodies against TMEM165 (diluted to 1:1,000; 
cat.  no.  20485‑1‑AP; ProteinTech Group, Rosemont, IL, 
USA) and GAPDH (diluted to 1:2,000; cat. no.  sc‑25778; 
Santa  Cruz Biotechnology, Inc., Santa  Cruz, CA, USA) 
for 1 h at room temperature. After washing 3  times with 
TBS‑T, the membranes were treated with horseradish perox-
idase‑conjugated secondary antibody (diluted to 1:3,000; 
cat.  nos. A120‑101P and A90‑116P; Bethyl Laboratories, 
Inc., Montgomery, TX, USA) at room temperature for 1 h. 
Following 3  further washes with TBS‑T, the membranes 
were reacted with Luminol chemiluminescent reagent 
(cat. no. sc‑2048; Santa Cruz Biotechnology, Inc.) according 
to the manufacturer's protocol. The intensities of the band 
were analyzed using the NIH ImageJ software (National 
Institutes of Health, Bethesda, MD, USA).

Figure 1. TMEM165 is overexpressed in HCC. (A) TMEM165 mRNA was 
visualized via semi‑quantitative RT‑PCR in 10 pair‑matched HCC (T) and 
adjacent liver tissues (N). (B) Real‑time RT‑PCR results revealing rela-
tive mRNA levels of TMEM165 quantitated in normal (n=15), adjacent 
liver (n=33), and HCC tissues (n=88). The sample set analyzed included 
33 pair‑matched tissues as indicated in Materials and methods. P‑values were 
calculated by ANOVA Tukey's post hoc test. The horizontal line in the box 
plot is the median value, and the symbols, open circle (o) and asterisk (*) on 
the bars indicate outlier and extreme outlier samples, respectively, with 95% 
confidence interval. (C) Protein expression of TMEM165 in 7 pair‑matched 
HCC and adjacent liver tissues determined using western blotting. 
β2‑Microglobulin (β2M) and GAPDH were used as internal controls. The 
tissues used for A and C were randomly selected from the 33 pair‑matched 
set. All semi‑quantitative RT‑PCR and western blotting experiments were 
repeated at least 3 times. The densitometry analysis was performed using 
ImageJ software. P‑values were calculated by a two‑sample t‑test. TMEM165, 
transmembrane protein 165; HCC, human hepatocellular carcinoma.
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Clonal survival analysis. Huh7 and SNU475 cells were tran-
siently transfected with control and TMEM165 siRNAs. At 
24 h after transfection, 1,000 cells were seeded on a 6‑well 
plate. Cells were fixed with 10% (w/v) formaldehyde and 
stained with 0.1% (w/v) crystal violet 10 days after seeding. 
Colonies were counted using digital images obtained with 
ImageJ. All experiments were performed in triplicate.

Invasion analysis. Polycarbonate membrane Transwell inserts 
(cat.  no.  354480; Corning Inc., Corning, NY, USA) were 
coated with 20 µg/ml Matrigel. Following transient transfec-
tion, Huh7 and SNU475 cells (2x104) were seeded on the upper 
compartment of the chamber in serum‑free medium. As a 
chemoattractant, complete medium containing 10% (v/v) FBS 
was placed in the bottom compartment. After 24 and 48 h of 
incubation, the cells were fixed, stained with Hemacolor® solu-
tion (Merck KGaA, Darmstadt, Germany) and counted under 
a light microscope in 4 different fields. All experiments were 
performed in triplicate.

Statistical analysis. Statistical analysis was performed 
using SPSS  v.23.0 software (IBM Corp., Armonk, NY, 
USA). Receiver operating characteristic (ROC) curves were 
generated to assess the optimal cut‑off point for TMEM165 
expression. A one‑way analysis of variance (ANOVA) with 
post hoc Tukey's HSD test was conducted to compare the 
expression levels of TMEM165 in normal, non‑tumor and 
tumor samples. Correlations between TMEM165 expression 
and clinicopathological parameters were determined using 
a 2‑sample t‑test, Pearson's correlation test, Chi‑squared 
(χ2) and Fisher's exact tests. For the comparison of invasion 

and clonal survival, ANOVA with post hoc Dunnett's test 
was performed. The data were considered significant at 
P<0.05.

Results

TMEM165 is overexpressed in HCC. To establish whether 
TMEM165 is involved in the pathogenesis of HCC, we exam-
ined its expression patterns in tumor and adjacent liver tissue 
specimens obtained from HCC patients subjected to surgical 
resection. Semi‑quantitative RT‑PCR disclosed higher 
TMEM165 expression in HCC than adjacent liver tissues 
(P=0.027) (Fig. 1A). To confirm TMEM165 expression, we 
performed quantitative real‑time RT‑PCR on an extended 
HCC sample set (n=88) (Table I) comprised of background 
liver cirrhosis  (n=29) and fibrosis  (n=3:7:16:24:29 for 
grades 0:1:2:3:4, respectively). Similar to semi‑quantitative 
RT‑PCR findings, real‑time RT‑PCR revealed significantly 
elevated TMEM165 expression in HCC, compared to 
adjacent non‑tumor liver (P<0.001) and normal liver 
tissues  (P=0.034)  (Fig.  1B). In contrast to tumor tissues, 
adjacent liver tissues did not exhibit a significant differ-
ence in TMEM165 expression, compared to normal liver 
tissues  (P=0.942). When expression levels were adjusted 
and compared with those of normal liver tissues, the mean 
increases in TMEM165 expression in HCC and adjacent liver 
tissues were 2.40‑ and 1.02‑fold (median, 1.89‑ and 0.99‑fold, 
respectively). Consistent with the mRNA expression data, 
the protein levels were higher in HCC than adjacent liver 
tissues (P=0.002) (Fig. 1C). The collective findings clearly 
demonstrated TMEM165 overexpression in HCC.

Table I. Patient demographics and pathological data (n=88).

Variables	 Classification	 Distribution

Sex	 Male : Female	 77 : 11
Age (years)	 Year, mean ± SD (range)	 52.05±10.79 (25‑74)
Etiology	 Hepatitis B : Hepatitis C	 85 : 03
Total bilirubin	 <1 mg/dl : ≥1 mg/dl	 59 : 29
AFP	 <20 ng/dl : ≥20 ng/dl	 38 : 49
	 <50 ng/dl : ≥50 ng/dl	 47 : 40
	 <200 ng/dl : ≥200 ng/dl	 55 : 32
AST	 IU/l, mean ± SD (range)	 51.92±31.07 (15‑182)
ALT	 IU/l, mean ± SD (range)	 46.25±25.21 (10‑130)
Child‑Pugh classification	 A : B and C	 70 : 07
Tumor size	 cm, mean ± SD (range)	 5.8±3.25 (1.0‑24.0)
Tumor number	 Single : Multiple	 59 : 17
Macroscopic vascular invasion	 No : Yes	 78 : 5
Microscopic vascular invasion	 No : Yes	 34 : 39
Serosal invasion	 No : Yes	 68 : 12
Edmondson gradea	 І : II : III : Ⅵ	 11 : 48 : 27 : 1
Fibrosis	 0 : 1 : 2 : 3 : 4 	 3 : 7 : 16 : 24 : 29

aEdmondson‑Steiner histological grade. In our present patient cohort, the clinicopathological information collected retrospectively has missing 
data, since some parameters were not obtained from all patients. AFP, α‑fetoprotein; AST, aspartate aminotransferase; ALT, alanine transaminase.
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TMEM165 overexpression is clinically associated with 
macroscopic vascular invasion, microscopic serosal invasion, 
and high α‑fetoprotein levels of HCC. Next, we examined the 
potential association of TMEM165 mRNA levels with clinico-
pathological parameters to ascertain whether overexpression 
has a clinical impact on HCC. Variations in TMEM165 expres-
sion determined based on real‑time analysis were mostly 
<2.0‑fold between normal and adjacent liver tissues. To further 
verify an optimal cut‑off point for TMEM165 expression, we 
performed ROC analysis using SPSS software. In the analysis, 
the clinical parameters, AFP level (<50 vs. ≥50 ng/ml), macro-
scopic invasion (no and yes) and serosal invasion (no and yes) 
were associated with TMEM165 (P<0.05). The optimal cut‑off 
points of TMEM165 expression for these parameters were 
1.98‑ (P=0.009), 3.03‑ (P=0.032), and 2.32‑fold (P=0.018), 
respectively, indicating a 2.0‑fold is suitable for comparison 
with clinicopathological parameters. Accordingly, we 
subdivided HCCs into two groups based on TMEM165 
expression employing 2.0‑fold as a cut‑off point. Among the 
88 tumor tissues examined, 41 (46.6%) exhibited ≥2.0‑fold 
increase in TMEM165 transcript expression. Consistent with 
the ROC analysis, higher α‑fetoprotein levels  (≥50 ng/ml, 
P=0.022; ≥200 ng/ml, P=0.024) and presence of macroscopic 
vascular invasion (P=0.023) and serosal invasion (P=0.006) 
were significantly associated with TMEM165 overexpres-
sion (≥2.0‑fold) (Table II). In contrast, HCC‑based parameters 
such as sex  (P=0.187), age  (P=0.479), aspatate transami-
nase (P=0.204), alanine transaminase (P=0.386), Child‑Pugh 
classification  (P=0.273), tumor size  (P=0.113), tumor 
number (P=0.212), microscopic vascular invasion (P=0.377), 
Edmondson grade (P=0.274) and cirrhosis (P=0.334), were 
not associated with TMEM165 overexpression. Furthermore, 
HCCs classified based on significant parameters (Table II) 
exhibited marked differences in TMEM165 expression (Fig. 2). 
Specifically, the TMEM165 expression level was positively 
correlated with the AFP level (Fig. 2A) (n=87, r=0.213 and 
P=0.048). Additionally, median increases in TMEM165 
expression were 1.90‑  and 3.26‑fold according to macro-
scopic vascular invasion (no and yes, P=0.034) (Fig. 2B) and 
1.87‑ and 2.95‑fold according to serosal invasion (no and yes, 
P=0.03), respectively (Fig. 2C). The clinicopathological asso-
ciation data indicated that TMEM165‑associated parameters 
influence aggressiveness of HCCs, based on the finding that 
overexpression of this protein is clinically associated with the 
invasive characteristics of this tumor type.

TMEM165 depletion decreases invasion of HCC cells without 
affecting clonal survival. In view of the clinical association 
of TMEM165 overexpression with macroscopic vascular and 
serosal invasion, we further investigated the possibility of 
regulatory effects on the invasion of HCC cells. Prior to evalu-
ation, we determined the expression patterns of TMEM165 
in normal and cancer cell lines to select suitable cells. For 
this experiment, we employed the established HCC cell lines 
Hep3B, Huh7, SNU354, SNU398, SNU449, SNU475 and 
SNU739 and hepatoblastoma cell line HepG2. Consistent with 
data from HCC specimens, most cancer cell lines exhibited 
greater expression than normal human fibroblast (BJ, Wi38, 
IMR90) and epithelial cells, including those of the Small 
Airway and Prostate (Fig. 3A).

Table II. Correlation between TMEM165 expression and clini-
copathological parameters (n=88).

	 TMEM165 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 <2.0 fold 	 ≥2.0 fold	 P‑valuea

Sex
  Male	 43	 34	 0.187
  Female	 4	 7
Age (years)
  <52	 20	 19	 0.479
  ≥52	 26	 22
AFP (ng/ml)	 		  0.149
  <20	 23	 15
  ≥20	 23	 26
AFP (ng/ml)
  <50	 30	 17	 0.022
  ≥50	 16	 24
AFP (ng/ml)	 		  0.024
  <200	 34	 21
  ≥200	 12	 20
AST (U/l)
  <40	 20	 22	 0.204
  ≥40	 27	 19
ALT (U/l)
  <35	 17	 17	 0.386
  ≥35	 30	 24
Child‑Pugh classification
  A	 36	 34	 0.273
  B,C	 5	 2
Tumor size (cm)
  <5	 26	 16	 0.113
  ≥5	 21	 24
Tumor number
  Single	 33	 26	 0.212
  Multiple	 7	 10
Macroscopic vascular
invasion
  No	 43	 35	 0.023
  Yes	 0	 5
Microscopic vascular
invasion
  No	 17	 17	 0.377
  Yes	 22	 17
Serosal invasion
  No	 41	 27	 0.006
  Yes	 2	 10
Edmondson grade
  I,II	 33	 26	 0.274
  III,Ⅳ	 13	 15
Cirrhosis
  No	 28	 22	 0.334
  Yes	 14	 15

aSignificance of TMEM165 overexpression in association with clini-
copathological parameters was calculated using the Chi‑Square test; 
bBold indicates P<0.05. AFP, α‑fetoprotein; AST, aspartate amino-
transferase; ALT, alanine transaminase.
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Next, we examined the effect of TMEM165 depletion on 
invasion of Huh7 cells that express high levels of TMEM165. 
Notably, TMEM165 depletion achieved via transfection of 
siRNA induced a significant decrease in the invasive activity 
of Huh7 cells (Fig. 3B). Two siRNAs (#1 and #2) recognizing 
different regions on the coding sequence induced a notice-
able level of suppression of invasive activity (51.3 and 72.1%, 
respectively, compared to the control siRNA). Significantly 
reduced invasion was additionally observed in the SNU475 cell 
line (Fig. 3C). The rates of inhibition of invasion by TMEM165 
siRNA #1 and #2 were 88.2 and 95.7%, respectively, clearly 
indicating that knockdown of TMEM165 in HCC suppresses 
invasive activity to a significant extent. To further confirm 
this finding, we assessed the effects of TMEM165 depletion 
on clonal growth that can detect cell proliferation and death. 
Notably, clonal growth was hardly inhibited in both cell lines 
after transfection of TMEM165 siRNAs (P>0.1, Fig. 4A and B). 
Thus, the TMEM165 depletion‑mediated suppression of HCC 

cell invasion activity was not attributable to decreased clonal 
survival.

TMEM165 affects matrix metalloproteinase‑2 (MMP‑2) 
expression. To further determine the mechanisms underlying 
TMEM165‑mediated regulation of invasion, we examined 
the potential involvement of MMPs, well‑known invasion 
activators. Specifically, we assessed the expression levels of 
MMP‑1, ‑2 and ‑9 in HCC cells depleted of TMEM165. As 
expected from the cell invasion data, MMP‑2 levels were 
severely decreased under conditions of TMEM165 depletion in 
both Huh7 and SNU475 cell lines (Fig. 5A and B). In contrast, 
MMP‑1 and ‑9 levels were not affected. To determine whether 
TMEM165 controls cancer cell invasion in a similar manner 
to Golgi phosphoprotein 2, we examined the expression of 
MMP‑13 that are regulated by Golgi phosphoprotein 2 (21). 
Notably, TMEM165 depletion had no effect on the expression 
patterns of this molecule, indicating that the mechanism by 

Figure 2. TMEM165 expression in HCC is correlated with aggressive clinical parameters. (A) The correlation between the levels of TMEM165 and AFP was 
analyzed using Pearson's correlation test. (B and C) HCC samples were classified into two subgroups based on significant clinicopathological parameters 
(Table II), including (B) macroscopic vascular invasion and (C) serosal invasion. Using real‑time RT‑PCR results from Fig. 1B, differences in TMEM165 
mRNA levels between the subgroups were analyzed by a two‑sample t‑test. Open circle (o) and asterisk (*) are the outlier and extreme outlier samples, 
respectively, with 95% confidence interval and the horizontal line indicates median value. TMEM165, transmembrane protein 165; HCC, human hepatocellular 
carcinoma; AFP, α‑fetoprotein.
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Figure 3. TMEM165 depletion weakens the invasive activity of HCC cells. (A) TMEM165 expression was assessed in normal human fibroblasts, epithelial 
cells and various HCC cell lines via semi‑quantitative RT‑PCR using β‑actin as an internal control. (B and C) TMEM165 siRNA (#1 and #2) or control‑siRNA 
(siC)‑transfected Huh7 (B) and SNU475 cells (C) were loaded onto a Matrigel‑coated invasion chamber. Invading cells were stained with crystal violet and 
visualized under a microscope (magnification, x100). RT‑PCR analysis of TMEM165 depletion following siRNA transfection. Invasion rates were calculated 
by dividing the counts (invading cells) of TMEM165‑transfected cells with those of control siRNA‑transfected cells. The mean ± SD of calculated cells were 
plotted, with P‑values calculated by ANOVA with Dunnett's test. The densitometry analysis was performed using ImageJ software. TMEM165, transmembrane 
protein 165; HCC, human hepatocellular carcinoma.
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which TMEM165 promotes the invasive activity of cancer 
cells is distinct from that of Golgi phosphoprotein 2.

Discussion

The TMEM165 protein, mainly characterized in association 
with congenital disorders of glycosylation type 2 disease, has 
recently attracted significant research attention (13,14,22,23). 
Based on cohort studies, 3 different mutations in TMEM165 
have been reported to date, specifically, homozygous point 
mutation in the deep intronic splice region, homozygous 
missense mutation and heterozygous missense mutation, all 
of which culminate in loss or decrease in function of the 
protein  (11,14). Recent in vitro studies have disclosed that 
TMEM165 is associated with Golgi homeostasis sensitive to 

Figure 4. TMEM165 depletion has no impact on clonal survival of HCC 
cells. siRNA‑transfected Huh7 (A) and SNU475 cells (B) were seeded at 
low density, and the surviving colonies were stained with crystal violet and 
visualized under a microscope (magnification, x100). Survival rates were 
calculated by dividing the counts (surviving cells) of TMEM165‑siRNA 
(#1 and #2)‑transfected cells with those of control siRNA (siC)‑transfected 
cells. Bars represent the mean ± SD, with P‑values calculated by ANOVA 
with Dunnett's test. TMEM165, transmembrane protein 165; HCC, human 
hepatocellular carcinoma.

Figure 5. TMEM165 controls MMP‑2 expression. TMEM165‑depleted Huh7 
(A) and SNU475 cells (B) were prepared by transfection with targeted siRNAs 
and grown in 5% serum for 48 h. MMP‑1, ‑2, ‑9 and ‑13 mRNA levels were 
assessed using RT‑PCR. Ribosomal protein S26 (RPS26) and GAPDH were 
used as internal controls. TMEM165, transmembrane protein 165; MMP, 
matrix metalloproteinase.
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manganese concentrations (18), indicating that mutation and 
loss of function of the protein can trigger defects in manga-
nese‑sensitive Golgi homeostasis. The importance of Golgi 
proteins in promoting cancer progression has been highlighted 
in previous studies. Golgi phosphoprotein 2 (GP73) is aber-
rantly expressed in HCC and knockdown of this gene inhibits 
cancer cell invasiveness via altering expression of E‑cadherin, 
N‑cadherin and MMP‑13 (24,25). Moreover, Golgi phospho-
protein 3 (GOLPH3) is overexpressed in various cancer types, in 
turn, increasing invasion and migration of cancer cells (26‑28). 
GOLPH3 interacts with phosphatidylinositol‑4‑phosphate and 
myosin18A to facilitate Golgi to plasma membrane trafficking 
and regulates the directional migration of cells (29). Despite 
the recent focus on Golgi proteins, the specific function of 
TMEM165 in cancer remains to be determined.

We previously established an integrative analysis tool to 
determine the gene expression patterns between non‑tumor 
and tumor regions in correlation with clinical outcomes (6). 
Based on these experiments, we demonstrated for the first 
time that the TMEM165 protein is significantly upregulated 
in tumor compared to non‑tumor tissues of HCC patients. 
Notably, overexpression of TMEM165 (using the 2‑fold cut‑off 
criterion) was positively correlated with aggressiveness of HCC 
characterized by high AFP levels as well as presence of macro-
scopic vascular and microscopic serosal invasion. In keeping 
with this finding, depletion of TMEM165 significantly reduced 
invasiveness of human HCC cell lines in vitro, accompanied 
by a decrease in expression of MMP‑2, an endopeptidase that 
degrades the extracellular matrix to stimulate cancer invasion 
and metastasis. However, other MMPs (MMP‑1, ‑9, and ‑13) 
were not affected by depletion of TMEM165. These results 
support a role of TMEM165 as a key molecule that directs 
cancer cell invasion, consequently promoting aggressiveness. 
Clonal survival analysis can be effectively used to detect 
several phenotypic changes, including proliferation, death and 
senescence. TMEM165 depletion decreased cancer cell inva-
sion without affecting clonal survival, indicative of a negligible 
effect on these phenotypes. Inhibition of cellular proliferation, 
death or senescence is reported to trigger a decrease in the 
invasion rate of cancer cells (30). Therefore, TMEM165 regu-
lation of cancer cell invasion is credible, since the possibility 
that phenotypic changes, such as cellular proliferation, death, 
and senescence, can affect cancer cell invasion was eliminated.

Despite the significant correlation between TMEM165 
overexpression and aggressiveness of the tumor phenotype, 
TMEM165 was not associated with patient prognosis in the 
current study (data not shown). This may be attributable to 
the small number of samples used for our analysis. Studies on 
larger cohorts are therefore required to validate the expres-
sion patterns of TMEM165 in relation to patient prognosis. 
Furthermore, while decreased invasiveness of cancer cells upon 
TMEM165 knockdown was evident, the precise mechanisms 
require elucidation in future studies. Considering the rela-
tionship between TMEM165 mutation and type II congenital 
disorder of glycosylation, it is plausible that its overexpression 
in HCC is associated with abnormalities in galactosylation and 
sialylation of N‑glycoproteins observed in the disease. These 
protein modifications influence the invasive activity of cancer 
cells (31). Several invasion‑related proteins (CD44, integrin 
and E‑cadherin) have been revealed to be markedly affected 

by glycosylation (32‑34). In summary, TMEM165 is both tran-
scriptionally and translationally overexpressed in HCC and 
associated with invasive activity.
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