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ARTICLE INFO ABSTRACT

Keywords: Hepatocellular carcinoma (HCC) is the main threat for the patients infected with hepatitis B virus (HBV), but the

CA10 oncogenic mechanism of HBV-related HCC is still controversial. Previously, we have found that several HBV

Hcicz . surface gene (HBS) non-sense mutations are oncogenic. Among these mutations, sW182* was found to have the
W-;Z;I;)nsense mutation most potent oncogenicity. In this study, we found that Carbonic Anhydrase X (CA10) level was specifically
miR-. . . . . . .

HBV increased in sW182* mutant-expressing cells. CA10 overexpression was also associated with HBS nonsense

mutation in HBV-related HCC tumor tissues. Transformation and tumorigenesis assays revealed that CA10 had
significant oncogenic activity. In addition, CA10 overexpression resulted in dysregulation of apoptosis-related
proteins, including Mcl-1, Bcl-2, Bcl-xL and Bad. While searching for the regulatory mechanism of CA10, miR-
27b was found to downregulate CA10 expression by regulating its mRNA degradation and its expression was
decreased in sW182* mutant cells. Moreover, CA10 overexpression was associated with down-regulation of miR-
27b in human HBV-related HCC tumor tissues with sW182* mutation. Therefore, induction of the expression of
CA10 through repression of miR-27b by sW182* might be one mechanism involved in HBS mutation-related
hepatocarcinogenesis.

1. Introduction

One of the main complications for chronic hepatitis B virus (HBV)
infection is hepatocellular carcinoma (HCC) [1,2], but the mechanism of
HBV related carcinogenesis remains controversial [3-5]. It is known that
HBV mutations occur frequently to escape from the anti-viral drug
therapy or host immune surveillance [6,7]. These HBV mutations may
be also related to HCC development. Previously, we have found several
HBV surface gene (HBS) non-sense mutations could be oncogenic [8].
These mutations resulted in C-terminal truncation of the HBV surface
proteins, which have transcriptional activator function [8,9]. By xeno-
graft experiment, we demonstrated that 3 HBS nonsense mutations
(sL95*, sW182*, sL.216*) could induce tumor formation in nude mice.
The above-mentioned findings all suggest that HBS nonsense mutations
are oncogenic and these mutations might play an important role in

HBV-related HCC [8]. Among the 3 nonsense mutations, sW182* was
found to have the most potent oncogenicity. We have further analyzed
the gene expression profiles by microarray study using the stable cell
lines harboring wild-type HBS or HBS nonsense mutations and tumors
derived from the xenograft experiments. The microarray data was
deposited in the GEO database under the accession number GSE50180.
Several novel genes which differentially expressed between wild type
HBS and nonsense mutants were identified by the expression profiling
microarray data, suggesting these genes might be related to HBS
mutation-related carcinogenesis. One of those genes is the transforming
growth factor beta induced gene (TGFBI). We have reported that dys-
regulation of the TGFBI gene was involved in the oncogenic activity of
the HBV sW182* [10]. We also found that Carbonic Anhydrase X (CA10)
is specifically over-expressed in the sW182* mutant cells but not in wild
type HBS cells, which suggested that CA10 over-expression might be
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involved in the carcinogenesis of sW182*.

CAs are a family of metalloenzymes containing sixteen different
isoforms and they have different subcellular localization, tissue distri-
bution and different catalytic activity [11]. They can be subdivided into
5 cytosolic CAs (CA 1, 2, 3,7 and 13), 5 membrane-associated CAs (CA 4,
9,12, 14 and 15), 2 mitochondrial CAs (CA 5A and 5B), and one secreted
CA (CA 6) [12]. These 13 CAs all have the basic function, i.e. to catalyze
the reversible hydration of carbon dioxide to the bicarbonate ion and
protons in various physiological and pathological processes. Moreover,
CAs also regulate different states of metabolic acidosis, induced by
glycolysis and oxidative phosphorylation, and play a relay function in
modulating pH regulation and metabolism [13,14]. Many of the CAs
have been reported to be overexpressed and implicated in the patho-
genesis of human cancers, including liver, lung, breast, colon, renal cell
and esophageal squamous cell carcinomas. The cytosolic CA3 over-
expression in hepatoma cells could promote the transformation and
invasive ability by increasing focal adhesion kinase (FAK) signaling and
intracellular and/or extracellular acidification [15]. The
membrane-associated CA9 and CA12 overexpression could interfere
with the pathways of antitumor activity in the HCC microenvironment
[16]. CA9 also has been considered as a good cancer therapeutic target
including HCC, since CA9 is involved in pH regulation, cancer stemness
and glucose metabolism [17-20]. Thus, CAs have been considered as
good drug targets [14,21].

Unlike other mammalian carbonic anhydrases (CAs) family mem-
bers, CA10 is a secreted and catalytically inactive carbonic-anhydrase
homolog which has never been reported to be oncogenic [22]. The
study for CA10 is still quite few. Only CA10 mRNA was found to be
expressed in kidney, salivary gland, and brain, and shown in low
abundance in pancreas, liver, mammary gland, and testis [23]. CA10
might also play an important role in the central nervous system, since
CA10 could facilitate surface transport of neurexin and synaptic con-
nections [22]. In this study, we examined the CA10 expressions in
human HCC tumor tissues, and performed tumorigenesis assays of CA10.
Our results demonstrated that CA10 has oncogenic activity and CA10
overexpression is associated with the carcinogenesis of HBV surface
gene (HBS) non-sense mutations. We further demonstrated that sW182*
caused decrease of miR-27b level, which then caused the increase of
CA10 level. Our results provided a plausible novel oncogenic mecha-
nism for HBV surface gene (HBS) non-sense mutations.

2. Materials and methods
2.1. Patients and tissues

Two HCC cohorts were obtained for this study. The first cohort was
48 HBV-related HCC tumor tissues and paired benign liver tissue with
signed informed consent obtained from the tumor bank of Chang Gung
Memorial Hospital (CGMH). DNA and RNA were extracted from the
tumor tissues. The second cohort was 46 paired tumor and non-tumor
tissue DNA and RNA samples of HBV-related HCC obtained from
Taiwan Liver Cancer Network (TLCN), which is now belonged to Na-
tional Health Research Institutes (NHRI) Biobank. The study protocol
has been approved by the Institutional Review Board of CGMH (96-
0071B) and National Health Research Institutes, Taiwan (EC0990701
and EC1031102-E). The HBS mutation data of the 48 HBV-related HCC
tissues from CGMH already been published in our previous study [8].

2.2. Cell culture

Mouse NIH3T3 embryo fibroblast cell line was purchased from Bio-
resource Collection and Research Center (BCRC Number: 6008), Food
Industry Research and Development Institute, Hsinchu, Taiwan. NIH3T3
cells were grown at 37 °C in a humidified 5% CO, atmosphere with
Dulbecco’s modified Eagle’s medium supplemented with 10% fetal
bovine serum (FBS, Gibco), 2 mM of i-glutamine (Gibco) and 1%
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penicillin/streptomycin (Gibco), and passaged weekly. Human HepG2
hepatoblastoma cell line was purchased from Bioresource Collection and
Research Center (BCRC Number: RM60025), Food Industry Research
and Development Institute, Hsinchu, Taiwan. HepG2 cells were grown
at 37 °C in a humidified 5% CO; atmosphere with Minimum essential
medium supplemented with 10% fetal bovine serum (FBS, Gibco), 2 mM
of 1-glutamine (Gibco), 0.1 mM non-essential amino acids (Gibco), 1.0
mM sodium pyruvate (Gibco) and 1% penicillin/streptomycin (Gibco),
and passaged weekly.

2.3. Plasmid constructs and transfection

Human CA10 gene (NM_020178.4) and miR-27b (MI0000440) were
cloned into pcDNA6 (Invitrogen, Carlsbad, CA, USA). Human CA10
short hairpin RNA (shRNA; target sequence: 5-GGAGCACTTGGTCAA-
CATA-3') and anti-miR-27b (target sequence: 5-TTCACAGTGGCTAA-
GAACTGC-3') were cloned into pRNA-U6.1/Neo vector (GenScript
Corp., Piscataway, NJ, USA). Human CA10 promoter and CA10 3’ UTR
were cloned into pmirGLO reporter vector (Promega, Madison, WI,
USA). The CA10 3'UTR containing the mutated miR-27b target se-
quences (CTGTG to GACAC) was constructed by QuickChange II XL Site-
Directed Mutagenesis Kit according to the manufacturer’s instructions
(Stratagene, La Jolla, CA, USA). All constructs were confirmed by direct
DNA sequencing. The primer sequences of CA10, miR-27b, anti-miR-27b,
CA10 shRNA, CA10 promoter and CA10 3'UTR are shown in Supple-
mentary Table 1. Transfections were carried out using Lipofectamine
3000 (Invitrogen) according to the manufacturer’s instructions and the
transfected cells were diluted to select stable clones by blasticidin
(Invitrogen) or G418 (Sigma-Aldrich, St. Louis, MO, USA). Established
stable cell lines were kept in blasticidin (5 pg/ml) or G418 (5 pg/ml) and
then expanded for further studies. All cells were incubated at 37 °C in a
humidified 5% CO5 atmosphere, and the media were supplemented with
10% fetal bovine serum (FBS, Gibco), 2 mM of r-glutamine (Gibco), and
1% penicillin/streptomycin (Gibco).

2.4. Reverse transcription and quantitative real-time polymerase chain
reaction (Q-PCR)

RNAs were extracted from the paired tumor and non-tumor tissues of
HCC patients or cultured cells using Trizol reagent (Invitrogen). One
microgram of total RNAs was used to synthesize the first strand cDNA
using oligo-dT primer and Moloney Murine Leukemia Virus Reverse
Transcriptase (Invitrogen). Q-PCR was performed on a Roche Light-
Cycler 480 Real-Time PCR system (Roche Diagnostics). The mRNA
levels of each gene were normalized to that of GAPDH and calculated as
272CT formula (ACT = CT of target gene — CT of reference gene; CT is the
cycle threshold). All primer sequences are shown in Supplementary
Table 1.

2.5. Western blot analysis

The primary antibodies used for western blotting were as follows:
Bad (Rabbit Bad polyclonal antibody #9292 (1:1000); Cell signaling,
Beverly, MA, USA), Bcl-2 (Bcl-2 (D17C4) Rabbit monoclonal antibody
#3498 (1:1000); Cell signaling, Beverly, MA, USA), Bcl-xS/L (Bcl-xS/L
(S-18) Rabbit polyclonal antibody: sc-634 (1:1000); Santa Cruz, CA,
USA), Mcl-1 (Mcl-1 (D35A5) Rabbit monoclonal antibody #5453
(1:1000); Cell signaling, Beverly, MA, USA), CA10 (CA10 Rabbit poly-
clonal antibody: 12953-1-AP (1:500); Proteintech, Chicago, IL, USA),
a-tubulin (a-tubulin Rabbit polyclonal antibody: ab18251 (1:10,000);
Abcam, Cambridge, UK), and GAPDH (GAPDH Rabbit polyclonal anti-
body: GTX100118 (1:20,000); GeneTex, CA, USA). All secondary anti-
bodies were purchased from Jackson Immuno Research (West Grove,
PA, USA). For the protein lysate preparation, cells were washed with ice-
cold PBS and lysed in RIPA buffer (25 mM Tris-HCl pH 7.6, 150 mM
NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS) containing
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indicated protease inhibitors. Protein concentrations were determined
by Bradford protein assay and 50 ug of extracted protein were loaded per
lane of 10% SDS-PAGE for electrophoresis, and then transferred to
polyvinylidene difluoride (PVDF) membrane (Millipore, Bedford, MA,
USA). After blocking in TBST buffer (20 mM Tris (pH 7.5), 135 mM
NacCl, and 0.1% Tween 20) with 5% milk, the membrane was incubated
with a primary antibody (dilution of antibodies was performed ac-
cording to the manufacturer’s instructions) in 5% milk in TBST at 4°C
overnight. Following triplicate washes with TBST, the membrane was
blotted with a secondary antibody conjugated with horseradish perox-
idase (1:10,000 dilution) in TBST with 5% milk for 1 h. The detected
proteins were visualized by film exposure using an enhanced chem-
iluminescence detection system (PerkinElmer, MA, USA).

2.6. Cell proliferation assay

Five thousand cells were seeded per well in 96-well culture plates
with five replicates and incubated at 37 °C in a humidified incubator for
assay with indicated time. MTT solution (0.5 mg/ml, Sigma-Aldrich)
was added to each well and then incubated for 4 h at 37 °C. At the
end of the incubation periods, the liquid was removed and the remaining
formazan pellets in the wells were dissolved with DMSO. The absor-
bance of the dye was measured at the wavelength of 570 nm with
background subtraction at 630 nm by an Ultra Multifunctional Micro-
plate Reader (TECAN).

2.7. Clonogenic assay

250 cells per well were plated in six-well plates with duplicate. The
cells were then incubated at 37 °C in a humidified incubator for 10 days
and colonies were fixed and stained with 0.5% methylene blue (M9140;
Sigma-Aldrich, St. Louis, MO, USA) in 50% methanol. Plates were
photographed by Alphalmager HP system (ProteinSimple, San Jose,
California, USA) and the total number of colonies formed on each well
were counted by AlphaEaseFC software.

2.8. Soft agar assay

5x10° cells were suspended in 0.5% low melting agarose as top layer
(SeaPlaque; Lonza, Rockland, ME, USA) and plated on the 0.7% solidi-
fied bottom layer agarose in six-well plates with duplicate. The plates
were incubated at 37 °C in humidified incubator for 21 days and the 0.5
ml complete culture medium of top layer was refreshed every week. For
visualization, colonies were stained with 200 pl of 0.1% p-iodonitrote-
trazolium violet (I8377; Sigma-Aldrich, St. Louis, MO, USA) at 37 °Cin a
humidified incubator overnight. Plates were photographed by
Alphalmager HP system and the total number of colonies formed on
each well were counted by AlphaEaseFC software.

2.9. Migration and invasion assay

For migration assay, 0.65 ml of complete culture medium was added
into the lower chamber as a chemoattractant and suspended 1 x 10*
cells (0.2 ml) with serum free medium were layered in the upper
compartment of the BD Falcon 8.0-pm pore 24-transwell cell culture
inserts (BD Biosciences, Franklin lakes, NJ, USA) with duplicate. After
incubation for 24 h at 37 °C in a humidified incubator, non-migrating
cells were removed from the upper side of the membrane by wiping
with a cotton swab. Cells at the lower side of membrane were fixed with
100% cold-methanol and stained with 0.05% crystal violet (Sigma-
Aldrich, St. Louis, MO, USA). The pictures of transwell insert membrane
were captured at microscope under 12.5x magnification and the total
number of migrated cells were counted by AlphaEaseFC software. For
invasion assay, the BD Falcon 8.0-um pore 24-transwell cell culture in-
serts coated with 100 pl of 0.3 mg/ml Matrigel (BD Biosciences, Bedford,
MA, USA) were re-hydrated for 2 h at 37 °C. 0.2 ml of 2 x 10* cells with
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serum free medium were layered in the upper compartment of the
transwell inserts and then the assays were performed as described in
migration assay.

2.10. Xenograft studies for tumorigenicity

Male BALB mice were purchased from the National Animal Experi-
mental Center (Taipei, Taiwan). The mice were all maintained in spe-
cific pathogen-free conditions. Four-week-old male athymic mice (4-5
for each group) were injected subcutaneously with 1 x 10° cells in 50 pl
of PBS mixed with equal volume of Matrigel. The tumor volume was
determined every 3 days by direct measurement with calipers. After 6
weeks, the mice were sacrificed in a CO, chamber and the tumor tissues
were weighted and dissected for cell cultures and histology examination.
Portion of tumor tissues were frozen for DNA and RNA extractions. All of
the animal studies were done in accordance with the guide for the Care
and Use of Laboratory Animals, the National Research Council. The two
animal facilities are accredited by Association for Assessment and
Accreditation of Laboratory Animal Care International (AAALAC Inter-
national). The protocol was approved by the NHRI Institutional Animal
Care and Use Committee (NHRI-IACUC-105017-A).

2.11. Evaluation of endoplasmic reticulum (ER) stress

Evaluation of ER stress marker XBP-1 was performed as previously
described [8]. Briefly, RNAs were collected from indicated samples and
RT-PCR was performed to determine XBP-1 splicing. Cells treated with
brefeldin A (1 pg/ml) (#9972; Cell signaling) for 24 h were used as a
positive control.

2.12. Luciferase reporter assay

For CA10 promoter reporter assay, HEK293T and Huh7 cells were
transfected with 0.1 pg of pGL3-CA10 promoter reporter gene con-
structs, plus pRL-TK (0.1 pg) and indicated transactivation plasmids (2
1g). For CA10-3'UTR reporter assay, pmirGLO reporter gene constructs
and miRNA expression vectors were co-transfected at different ratios in
2 pg per well in HEK293 cells. All cell extracts were prepared 48 h after
transfection, and luciferase activities were determined by Dual-
Luciferase Reporter Assay System (Promega) following the protocols
provided by manufacture. Luciferase activity was assessed by normali-
zation of firefly luciferase activity to Renilla luciferase activity.

2.13. Target prediction of miRNAs

Three algorithms, TargetScan, miRanda and PicTar (www.targe
tscan.org, www.microrna.org, and https://pictar.mdc-berlin.de), were
applied to predict candidate miRNAs targeting the 3’-UTR (untranslated
region) of CA10. Human CA10 was entered in the option of gene ID in
these three websites, and miRNAs simultaneously predicted by all three
websites were selected for candidate miRNAs.

2.14. Nucleotide sequence of the whole HBV genomes

Sequencing analysis of the whole HBV genome in the 46 HBV-related
HCC tumor and paired non-tumor tissues from TLCN were performed as
described in our previous published report [8].

2.15. Analysis of mRNA stability

Cells were treated with 5 pg/ml of actinomycin D (Sigma) for 2-6 h.
RNA was extracted using TRIzol reagent (Invitrogen) according to the
manufacturer’s instructions. Quantitative Real-Time polymerase chain
reaction (Q-PCR) was then performed as previously described, with
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) used as a
normalization control.
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2.16. Statistical analysis

All statistical analyses were performed using GraphPad Prism soft-
ware (GraphPad, San Diego, CA, USA). Data are presented as mean + SD
from at least three independent experiments. Group results were
compared using Student’s t-test for continuous variables and Pearson’s
chi-square test or Fisher’s exact test for categorical variables. The dif-
ferences were significant at a P value of less than 0.05.

3. Results

3.1. CAI0 is overexpressed in sW182* mutant cell line and the xenograft
tumor

Previously, we have analyzed the gene expression profiles by
microarray studies using the NIH3T3 stable cell lines harboring wild-
type HBS or HBS nonsense mutations and the tumors derived from the
xenograft experiments. The microarray data was deposited in the GEO
database under the accession number GSE50180. The microarray data
revealed that Carbonic Anhydrase X (CA10) was the highest expression
increase gene in sW182* tumor from the xenograft study when
compared with wild-type HBS tumor from the xenograft study. As
compared with the NIH3T3 stable cell line harboring wild-type HBS,
CA10 was also found to be highly overexpressed in the NIH3T3 cell line
with HBS W182-nonsense mutation by analyzing the expression
profiling microarray data. To confirm this result, mRNA and protein
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expression of CA10 in the sW182* NIH3T3 stable cell line and its
xenograft-derived tumor cell line (W182-m1T) were validated by RT-
PCR, Q-PCR and western blotting. CAI0 mRNA level was strongly
higher in the sW182* stable cell line and its xenograft-derived cell line
(W182-m1T) (Fig. 1A & B). Abundant expression of CA10 protein was
also detected in the sW182* cell line as compared with vector control or
WT (Fig. 1C). Additionally, CA10 mRNA and protein were also highly
expressed in the sW182* HepG2 stable cells (Fig. 1D & E). These results
implied that CA10 was up-regulated in sW182* mutant cells.

3.2. Tumor tissues of HBV-related HCC patients with HBS W182 non-
sense mutation exhibited overexpression of CA10 mRNA

HCC patient samples were examined by Q-PCR for CA10 expression
to examine its correlation with the HBS W182 non-sense mutation
(Figs. 1F and S2 Table). Paired tumor and non-tumor liver tissues of 48
HBV-related HCC patients from CGMH were analyzed. The clinical and
pathological characteristics of these 48 patients are included in S2 Table.
The HBS mutation data of the 48 HBV-related HCC tissues from CGMH
has already been published in our previous study [8]. Among these 48
patients, the HCC tumor tissue of 5 patients had sW182* mutation, 37
had wild type HBS, and 6 had other HBS mutation. When the ratio of the
CA10 level of tumor (T) to that of the paired non tumor tissue (N) was
higher to one (log T/N ratio >0 represents T/N ratio >1), it was
considered as CA10 up-regulation. Upregulation of CAI0 was signifi-
cantly associated with genders (p = 0.044), tumor sizes (p = 0.027), and
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HBS W182* mutation (p = 0.0281) (Figs. 1F and S2 Table). The result
indicates a high correlation between CA10 overexpression and sW182*
mutation.

To further examine its correlation with sW182* mutation, we
analyzed the CA10 expression in the second HCC cohort with 46 HBV-
related HCC tumors obtained from TLCN. There were 20 patients had
wild type HBS, and 26 had HBS non-sense mutation in their tumor tis-
sues. In the latter 26 patients, 13 had sW182* with or without other non-
sense HBS mutations, and the other 13 patients only had non-sense
mutation other than sW182* mutations. Q-PCR for CAI10 expression
were performed to examine its correlation with sW182* mutation status.
When the ratio of the CA10 expression level of tumor (T) to that of the
paired non tumor tissue (N) was higher to one (T/N > 1), it was
considered as CA10 up-regulation. Only 43 of the 46 HBV-related HCC
tumors had measurable CA10 expression. Three patients couldn’t detect
CA10 expression, one had WT HBS, another one had sW182* mutation
and the other one had non-sense mutation other than sW182* muta-
tions. Up-regulation of CA10 expressions were found in 7 of the 12 tu-
mors with sW182* mutation (58.3%), while only 4 of the 19 tumors with
wild type HBS had CA10 up-regulation (21.0%), but the difference was
only marginally significant (p = 0.056) (Table 1). In addition, the CA10
expressions were significantly up-regulated in tumors having sW182*
mutations (7/12, 58.3%) when compared with tumors having non-sense
mutation other than sW182* mutation (1/12, 8%) (p = 0.027) (Table 1).
The results again indicate a high correlation between CA10 over-
expression and sW182* mutation.

The mRNA expression level of CA10 in 43 HBV-related HCC tumor
(T) and non-tumor tissues (N) obtained from TLCN were analyzed by Q-
PCR. In these 43 patients, 19 patients had wild type HBS, 12 had
sW182*and 12 had other HBS non-sense mutation. WT: patients with
wild type HBS gene; W182*: patients with pure or mixed sW182* mu-
tation; Non-W182*: patients with other HBS non-sense mutation. *p
value < 0.05.

3.3. CA10 induced cell proliferation, colony formation, and anchorage-
independent growth

CAL10 is specifically up-regulated in sW182* mutant cells which in-
dicates CA10 may be associated with the development of sW182*
induced HCC. To investigate whether CA10 could promote tumorigen-
esis, the NIH3T3 stable cells expressing human CA10 gene were con-
structed for the transformation and tumorigenesis assays. CA10 protein
expression in the stable cells were examined by western blotting
(Fig. 2A). To study the oncogenic potential of CA10, proliferation, col-
ony formation and soft agar assays were performed. CA10 apparently
induced the cell growth as compared with vector control (Fig. 2B).
Colony formation assay showed the colony numbers of CA10 stable cells
were obviously increased than that of vector control (Fig. 2C and D). Soft
agar assay also showed significant difference between CA10 stable cells
and vector control (Fig. 2E and F). The results indicate CA10 promotes

Table 1
CA10 Expression in the 43 HBV-related HCC tumors.

Table 1A: The CA10 expressions between wild type HBS and sW182* HCC

CA10 expression ~ WT w182* p value
CAIO t 4 7 0.056
CA10 | 15 5

19 12

Table 1B: The CA10 expressions between sW182* and other non-sense HBS mutation
HCC

CAI10 expression ~ W182*  Non-W182*  p value
CA10 1t 7 1 0.027*
CA10 | 5 11

12 12
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Fig. 2. Transforming activity study of CA10 overexpressing NIH3T3 cells. (A)
CA10 overexpression in the stable cells were examined by western blotting. (B)
Cell proliferation assays for vector control and CA10 overexpressing cells. (C, D)
Clonogenic assays of CA10 overexpressing and vector control cells are shown in
C and the statistical analysis is shown in D. The total number of colonies formed
on each well were counted by AlphaEaseFC software. (E, F) Soft agar assays and
the statistical analysis of CA10 overexpressing and vector control cells. Quan-
tifications of cell numbers or colony numbers for CA10 overexpressing cells are
presented as fold change in comparison with vector control. Data are repre-
sented as mean + SD from three independent experiments. Statistical signifi-
cance was determined by Student’s unpaired t-test. *, P< 0.05; **, P< 0.01;
**% P<0.001.

cell proliferation and anchorage-independent growth, and thus CA10
may play a role in the malignant transformation in cancer cells.

3.4. Cell migration and invasion are increased in the CA10 overexpressing
cells

Furthermore, we aimed to determine whether CA10 might play a
vital role in the cell migration. The transwell migration assays were
performed in the presence of 10% FBS to measure spontaneous migra-
tion. For cell migration assay, the numbers of migrated cells for CA10
stable cells were significantly increased than that of vector control
(Fig. 3A and B). In transwell invasion assay, CA10 stable cells also
showed enhanced invasion as compared to vector control (Fig. 3C and
D). The results suggest that CA10 might promote higher mobility and/or
enzymatic activity for degrading ECM components to achieve invasion.

3.5. CA10 significantly promoted tumorigenesis in the xenograft study

All results of tumorigenesis assays suggest that CA10 has significant
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oncogenic activity. To confirm the role of CA10 in tumor progression,
we established the mouse xenograft model. Male athymic BALB/c nude
mice of 4-week-old received subcutaneous injection of the stable cells
overexpressing CA10 or vector. None of the five nude mice injected with
vector control cells had tumor growth at the end of 6 weeks (Fig. 3E),
while all four nude mice injected with CA10 stable cells had large tumor
formation (Fig. 3F). The results indicated that CA10 significantly pro-
moted in vivo tumor progression.

3.6. CA10 has anti-apoptotic effect but not an ER stress inducer

To understand whether apoptosis or ER stress played a role in the
CA10-induced tumorigenesis, the apoptosis-related protein expression
profiles and the ER stress markers were examined by western blot
analysis and RT-PCR, respectively. When comparing CA10 stable cells
with vector control, CA10 had an obvious increase of anti-apoptotic
protein myeloid cell leukemia 1 (Mcl-1), B-cell lymphoma 2 (Bcl-2)
and B-cell lymphoma-extralarge (Bcl-xL), and decrease of the apoptotic
protein BCL2-antagonist of cell death (Bad) (Fig. 4A). To further confirm
the data, we knock-downed CA10 by CA10 shRNAs in CA10 stable cells
and got a complete opposite result. Down-regulation of CA10 certainly
decreased the expression of anti-apoptotic protein Mcl-1, Bcl-2 and Bcl-
xL and increased the expression of the apoptotic protein Bad (Fig. 4B).

To understand if CA10 could cause ER stress, the activation of ER
stress-induced UPR targets in CA10 overexpressing cells were examined
by western blotting. Cells treated with Brefeldin A (BFA) were used as
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Fig. 3. Migration/invasion and xenograft study of

CA10 overexpressing cells. (A, B) Transwell migration
e assays of CA10 overexpressing cells or vector control.
Photographs of 24-transwell insert membrane in a
representative experiment are shown in A and the
statistical analysis is shown in B. (C, D) Transwell
invasion assays of CA10 overexpressing cells or vector
control. Representative images are shown in C and
the statistical analysis is shown in D. Quantification
of migrated/invaded cell numbers for CA10 stable
cells presented as fold change in comparison with
vector control. Data are represented as mean + SD
from three independent experiments. Statistical sig-
nificance was determined by Student’s unpaired t-
test. *, P< 0.05; **, P< 0.01; ***, P<0.001. (E)
Xenograft study of vector control. (F) Xenograft study
of CA10 stable cells showed tumor formation in all
four mice. Tumor volume was measured with a
caliper and calculated by using the formula a x b? x
0.5, where a and b represented the larger and smaller
diameters, respectively.
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e
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the positive control of ER stress. CA10 didn’t induce the phosphoryla-
tion of IREla and the expression level of IREla (Fig. 4C). As compared
with vector control, no induction of ATF6 cleavage or ATF4 expression
was detected in the CA10 overexpressing cells (Fig. 4D and E). Consis-
tently, there was no change in the status of ER stress marker XBP-1 in
CA10 overexpression (Fig. 4F). These results suggested that CA10 could
inhibit apoptosis but couldn’t induce ER stress.

3.7. CAI10 is the target gene of miR-27b

To examine the transcriptional regulatory mechanism of CA10
overexpression in sW182* cells, the upstream DNA sequence of CA10
promoter according to Ensembl Genome Browser database (http
://www.ensembl.org/index.html) was cloned for luciferase promoter
reporter assay. There were no differences in the reporter activity be-
tween sW182* and wild type or vector control (Fig. 5A), indicating
CA10 transcription was not disturbed by sW182* mutant.

The increase of mRNA amounts at steady state may result from post-
transcriptional regulation. Therefore, different on-line algorithms (Tar-
getScan, miRanda and PicTar) were used to filter out candidate miRNAs
predicted for targeting CA10 3'UTR. Four candidate miRNAs (miR-27a,
miR-27b, miR-128 and miR-185) simultaneously predicted by all three
websites were selected (Fig. 5B). Expression levels of the 4 miRNAs in
sW182* NIH3T3 stable cells were examined by Q-PCR. As compared
with vector control, there was no change in the expression level of miR-
27a, miR-128 or miR-185 in sW182* NIH3T3 stable cells


http://www.ensembl.org/index.html
http://www.ensembl.org/index.html

K.-M. Chung et al.

A B <« T 9 C
s X I
g 25 2
F 5§ §
S £ S o 5 o
$) \rad < < < P ~N
A0 o S
kDa kDa . 2 O 150 N J
| Mcl-1 o - - Mecl-1 =
116 1065 033 130-
25- wwe @ Bcl-2 25 Bel-2
1 17 1 037 031
25— & Bcl-xL 25- L JE— Bel-xL 35
1 143 55 ke 045071
25 | - Bad R Bad
i 1 213 209
1 013 e
55 - s s o-tubulin RO — Calo
1 032 024
55_ s am— e O-tubulin
B E F
<) S
5 S BFA 5
£ F = g 6? BFA
—
100~ M. - POOATFS =

55 o . DSOATF6 35 - - —— GAPDH

. e sse s GAPDH

Biochemistry and Biophysics Reports 31 (2022) 101303

Fig. 4. Apoptosis-related protein expression profiles
and the ER stress markers of CA10 overexpressing
cells were examined by western blot analysis and RT-
PCR, respectively. Apoptosis related signaling protein
BFA levels were measured by western blotting in the CA10

- ¥ overexpressing stable cells (A) or CA10 knock-down
s D-IREl-0 stable clones: shCA10-1 and shCA10-2 (B). Band in-
tensity given underneath gel image was determined

. @ [RE]-o with ImageJ software, presented as fold change

compared with controls, respectively. (C) Phosphor-
ylation of IREla was examined by western blotting.
(D) ATF6 cleavage was evaluated by western blotting.
(E) ATF4 expression was determined by western
blotting. (F) Splicing of XBP-1 mRNA was examined
by RT-PCR. The un-spliced and spliced forms of XBP-1
were indicated by arrows. GAPDH was used as a
loading control.

XBP-1
Unsplice
- (187 bp)
~< Spliced
(161 bp)

- 400-
15 - — = GAPDH 300—_GAPDH

(Supplementary Fig. 1). Only miR-27b was markedly down-regulated in
the sW182* expressing cells and its xenograft-derived cells when
compared to that of wild type HBS or vector control (Fig. 5C). Mean-
while, we observed a potential binding site for miR-27b in the 3’-UTR of
CA10 (Fig. 5D). As shown in Figs. 5D and 3'-UTR of CA10 contained
complementary regions of miR-27b. Luciferase reporter assays showed
that miR-27b significantly inhibited the luciferase activity of wild type
CA10-3'UTR in a dose-dependent manner (Fig. SE, left panel). More-
over, the miR-27b binding site was conserved at CA10 3'UTR among
vertebrates (Fig. 5D). To further confirm the direct interaction of miR-
27b with CA10 3'UTR, we constructed a mutant CA10 3'UTR consist-
ing of mutations at the seed region of miR-27b binding site for the
luciferase reporter assay. The mutant sequences of CA10 3'UTR are
shown in Fig. 5D. The reporter assay demonstrated that miR-27b lost the
suppressive luciferase activity on mutant CA10-3'UTR (Fig. SE, right
panel), indicating miR-27b dominantly bound to the seed sequences
within the CA10-3'UTR and leaded to degradation of the mRNA. These
data indicated that miR-27b targeted the 3’-untranslated region (3'-
UTR) of CA10.

3.8. sW182* may post-transcriptionally regulate CA10 expression via
decreasing miR-27b expression

To understand whether the induction of CA10 expression by sW182*
was through repression of miR-27b, miR-27b expressions in sW182*
HepG2 stable cells were examined by Q-PCR. We found that miR-27b
was markedly down-regulated in sW182* HepG2 stable cells (Fig. 6A).
To confirm that miR-27b could negatively regulate CA10 mRNA
expression in sW182* cells, miR-27b expression plasmid was transfected
into sW182* HepG2 stable cell line and then the CA10 mRNA expression
was detected by Q-PCR. After transfection with miR-27b plasmid, the
miR-27b expression level in sW182* HepG2 stable cells was increased to
1.3-fold as compared with vector control (Fig. 6B). The increased
expression of miR-27b was accompanied by the decreased expression of
CA10 mRNA (Fig. 6C, P = 0.005). Immunoblotting data indicated that

miR-27b overexpression reduced the expression of CA10 protein in
sW182* HepG2 stable cells (Fig. 6D). To confirm the result, we tested
the CA10 mRNA expression level after transfection with the anti-miR27b
expression plasmid. The expression level of miR-27b in sW182* HepG2
stable cells after transfection with the anti-miR-27b plasmid was
decreased to 0.6-fold as compared with vector control (Fig. 6B). The
decreased expression of miR-27b was coincided with increased expres-
sion of CA10 mRNA in sW182* stable cells (Fig. 6C, P = 0.007).
Immunoblotting data also revealed that decreased expression of miR-
27b increased the expression of CA10 protein in sW182* HepG2 stable
cells (Fig. 6D). All of these results showed that miR-27b down-regulated
CA10 expression and CA10 overexpression in sW182* cells may be due
to decreased expression of miR-27b. For better understanding that CA10
mRNA is the target of miR-27b, the effect of miR-27b on CA10 mRNA
stability was analyzed in sW182* stable cells. When sW182* HepG2
stable cells were transfected with the miR-27b expression plasmid, an
increase in mRNA degradation occurred as compared to vector control
(Fig. 6E). The data reveled that miR-27b inhibited CA10 expression by
regulating its mRNA degradation. Further, our results suggest that
sW182* down-regulated miR-27b, which in turn caused the increase of
CA10.

3.9. CA10 overexpression is associated with down-regulation of miR-27b
in HBV-related HCC tumors with sW182* mutation

For miR-27b expression, we had analyzed the miR-27b expression in
the second HCC cohort with 46 HBV-related HCC tumor (T) and non-
tumor tissues (N) obtained from TLCN. Thirty-four of the 46 HBV-
related HCC tumors (34/46, 73.91%) had down-regulation of miR-
27b, and there was no significant difference between wild type and
non-sense mutation of HBS (p = 1.0). Among the 34 HCC tumors with
miR-27b down-regulation, 32 had measurable CA10 expression. The 2
patients with undetectable CA10 expression include one had sW182*
mutation and the other one had non-sense mutation other than swW182*
mutations. Among the 32 HBV-related HCC tumors with miR-27b down-
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Fig. 5. miR-27b targeted the 3'-untranslated region
(3'-UTR) of CA10. (A) The CA10 promoter reporter
plasmid was co-transfected with plasmids expressing
wild type (WT) HBS or sW182* in HEK293 cells and
Huh7 cells. Dual-Luciferase Reporter Assay system
was performed for the promotor reporter assay. (B)
miRNAs potentially targeting CA10 were predicted by
the TargetScan, miRanda and PicTar. Venn diagram
showed that there were only 4 candidate miRNAs
(miR-27a, miR-27b, miR-128 and miR-185) selected
by all 3 databases. (C) Q-PCR analysis of miR-27b
expression in WT or sW182* NIH3T3 stable cells
and its xenograft-derived cells (W182-m1T). (D) The
miR-27b target region of human CA10 3'UTR. The
mutant CA10 3'UTR consisting of mutations at the
miR-27b binding site and red words indicate the

Seed region

CAl10

5’ aguGAAAUGCUA - CAACUGUGA

hsa-miR-27b 3’ cguCUUGA - -AUCGGUGACACUu 5’

3? mutated sequences. (E) Dual-Luciferase Reporter
Assay of wild-type and mutant CA10-3'UTR while co-
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regulation, 4 of the 15 tumors with wild type HBS (26.7%), and 1 of the
9 tumors with other non-sense mutations of HBS (11.1%), had up-
regulation of CA10 (Table 2). While 4 of the 8 tumors with sW182*
mutation had up-regulation of CA10 (50%) (Table 2). The difference of
CA10 overexpression between wild type and sW182* were not signifi-
cant due to small case number. The above results demonstrated that
CA10 up-regulation could be associated with down-regulation of miR-
27b in HCC, especially in HCC with sW182* mutation. However, the
association is not very strong, suggesting the involvement of additional
factors.

The mRNA expression level of CA10 in 32 miR27b down-regulated
patients carrying WT HBS, sW182* and other HBS non-sense mutation
were analyzed by Q-PCR. In these 32 patients, 15 patients had wild type
HBS, 8 had sW182*and 9 had other HBS non-sense mutation. WT: pa-
tients with wild type HBS gene; W182*: patients with pure or mixed
sW182* mutation; Non-W182*: patients with other HBS non-sense
mutation.

4. Discussion

In this study, we identified CA10 as a novel factor in the HCC
pathogenesis. We found that overexpression of CA10 induced cell pro-
liferation, colony formation and promoted cell migration/invasion in
NIH3T3 cells. It significantly promoted tumorigenesis in the xenograft
study. The above results are similar with previous reports for CA8 and
CA11 that promote tumor proliferation and invasion in vitro [24-26]. In
addition, CA10 overexpression resulted in dysregulation of
apoptosis-related proteins, including Mcl-1, Bcl-2, Bcl-xL and Bad.
Apoptosis has been reported to play an important role in HCC

[
CA10 mutant 5’ aguGAAAUGCUA -CAAGACACAR 3’

transfected with miR-27b at different ratios. Control
treatment was cells only transfected with wild-type or
mutant CA10-3'UTR reporter plasmid. Data was rep-
resented as mean + SD from three independent ex-
periments. Statistical significance were determined
by Student’s unpaired t-test. **, P< 0.01; ***, P<
0.001. (For interpretation of the references to color in
this figure legend, the reader is referred to the Web
version of this article.)

[N |

development [27,28]. Apoptosis related proteins, such as Mcl-1, Bcl-2
and Bcl-xL, all have been reported to be involved in the progression of
HCC and are considered as potential targets for anti-HCC therapy [29,
30]. Moreover, previous study demonstrates that CA9 is involved in
hexokinase II inhibitor-induced hepatocellular carcinoma apoptosis
[20]. However, CA10 belongs to CA-RPs which is catalytically inactive
[31]. Therefore, the oncogenic potential of CA10 demonstrated in this
study might be different from those catalytically active CAs such as CA9
which regulates an acidic extracellular microenvironment for tumor
development [32]. In addition, CA-RPs are known to participate in
signaling pathway by secretory ligand and protein-protein interaction,
which is different from other CAs with catalytic activity [22,33,34].
These reports verified the mechanism of oncogenic activity of CA-RPs is
through non-catalytic pathway. CA10 is likely oncogenic through a
novel non-catalytic pathway.

We found that both CA10 mRNA and protein levels are elevated by
sW182*. However, the reporter assay showed no direct transcriptional
regulation in CA10 promoter by sW182*. Therefore, we have searched
for the candidate miRNAs that play a role in post-transcriptional regu-
lation of CA10. We found that miR-27b was markedly downregulated in
the sW182* cells. Reporter assays demonstrated that miR-27b post-
transcriptionally regulated CA10-3'UTR in a dose-dependent manner.
Moreover, CA10 up-regulation was associated with down-regulation of
miR-27b in HCC with sW182* mutation. The above results support the
assumption that down-regulation of miR-27b is associated with HBS
nonsense mutation and results in overexpression of CA10, which may
play a role in HBV associated hepato-carcinogenesis. There are already
multiple reports focused on the role of miRNAs in HBV infection and
hepatocellular carcinoma [35,36]. Among them, miR-27b has been
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Fig. 6. CA10 overexpression in sW182* stable cells
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Table 2

CA10 expression in the 32 HBV HCC with miR27b down-regulation.

Table 2A: The CA10 expressions between wild type HBS and sW182* HCC

CA10 expression WT wi182* p value
CA10 1 4 4 0.371
CA10 | 11 4
15 8
Table 2B: The CA10 expressions between sW182* and other non-sense HBS mutation
HCC
CA10 expression ~ W182*  Non-W182*  p value
CA10 1 4 1 0.131
CA10 | 4 8
8 9

found to function as a tumor suppressor and is downregulated in many
human cancers including breast, colon, gastric, lung, prostate, and renal
cancers [37-39]. In GSE53872 microarray data, miR-27b is down-
regulated in liver and kidney cancers. Recently, a study from Hu et al.
also shows that the expression of miR-27b in HCC is lower than that in
adjacent nontumor tissues [40]. The above results all support that

downregulation of miR-27b might be involved in the carcinogenesis of
HBS nonsense mutant.

In summary, overexpression of CA10 was associated with significant
oncogenic activity and inhibited apoptosis by dysregulation of
apoptosis-related proteins, including Mcl-1, Bcl-2, Bcl-xL and Bad.
Additionally, CA10 expression was downregulated by miR-27b. More-
over, CA10 overexpression was significantly associated with HBS
nonsense mutation in two HCC cohorts. The results on the HCC cohort
also revealed that CA10 up-regulation was associated with down-
regulation of miR-27b in HCC with sW182* mutation. Our results sup-
port a model for the up-regulation of CA10 in sW182* cells. sW182*
could repress miR27b expression and result in overexpression of CA10 to
promote cell proliferation, cell migration and inhibit apoptosis. There-
fore, induction of the overexpression of CA10 may give rise to HBV-
related HCC (Fig. 7). The cause of miR-27b down-regulation upon
sW182* nonsense mutation remains unclear. MicroRNA-27b is often
down-regulated in several types of cancers, and hypermethylation of the
promoter area is a major mechanism for dysregulation of miR-27b in
gastric cancer and colorectal cancer [41,42]. Promoting DNA methyl-
transferases (DNMTs) working on the promoter region of target genes is
a way to hypermethylation of the promoter area [43,44]. Although HBS
or its mutants have never been reported to directly bind to DNA or a
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Fig. 7. A schematic diagram illustrating induction of the oncogenic activity of
CA10 through repression of miR-27b by HBS W182 non-sense mutation.
sW182* could repress miR-27b expression and subsequently up-regulate CA10.
Finally, CA10 overexpression could result in promotion of cell proliferation, cell
migration and reduction of apoptosis by dysregulation of apoptosis-related
proteins, suggesting that CA10 may play a role in hepatocarcinogenesis.

Cytoplasm

DNA methyltransferase, our microarray data showed a much higher
expression of DNMT1 in the sW182* mutant cells (data not shown).
Additionally, HBS and its C-terminal truncation mutants have tran-
scriptional activator function. We proposed a hypothesis that sW182*
down-regulated miR-27b expression possibly by aberrant DNA methyl-
ation of the promoter area through activation of the related signal
pathway that upregulated the expression of DNA methyltransferases.
Further study is necessary for validation the possible mechanism of
sW182*-mediated down-regulation of miR-27b. More mechanisms will
be further explored on the role of HBS nonsense mutation in
hepato-carcinogenesis.
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