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Abstract: Objective: Carbonic anhydrase XII (CA XII) is a key mediator of several signaling pathways that are involved 
in cancer development. This study was designed to investigate the clinical significance and prognostic value of 
postoperative CA XII expression in patients with hepatocellular carcinoma (HCC). Methods: Immunohistochemistry 
(IHC) was performed on HCC tissue (n = 90), and the relationships between CA XII expression in the HCC tissue, 
the clinicopathologic features, and survival were further evaluated. The mRNA expression of CA XII and clinico-
pathologic characteristics of patients with hepatocellular carcinoma were extracted from The Cancer Genome Atlas 
(TCGA) database. Results: CA XII was overexpressed in hepatocellular carcinoma tissues compared to normal liver 
tissues from the TCGA database. Moreover, CA XII mRNA expression was significantly associated with several clinico-
pathologic factors of hepatocellular carcinoma including sex (P = 0.011) and pathologic grade (P = 0.012). For HCC 
tissue samples in a tissue microarray (TMA), high CA XII protein expression was closely related to age (P = 0.013), 
tumor size (P = 0.014), and pathological grade (P = 0.015). A Kaplan-Meier analysis showed that elevated CA XII 
expression was associated with short disease-free survival (DFS) (P = 0.002) and overall survival (OS) (P = 0.006). 
In addition, a multivariate analysis showed that high CA XII expression was an independent prognostic indicator for 
disease-free survival (P = 0.018), but not overall survival, in HCC patients. Conclusion: This study showed that high 
CA XII expression was associated with poor prognosis in HCC patients.
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most common malignant tumors in the world 
and accounts for 5.6% of all cancer [1]. The sur-
vival rate of HCC patients has improved in the 
past 30 years, but the 5-year survival rate 
remains low at ~15% in the US [2] and ~5% in 
underdeveloped countries [3]. The GLOBOCAN 
estimates showed that in 2012, over 700,000 
patients died from HCC worldwide, making HCC 
the second deadliest cancer [3]. Common treat-
ments for HCC, such as chemotherapy, radio-
therapy, and surgery, have led to significant 
progress; however, most HCC patients are al- 
ready at an advanced stage of disease at the 
time of diagnosis due to the lack of apparent 
symptoms in the early stage. Moreover, HCC 
tends to progress rapidly with early infiltration, 

which results in a poor prognosis [4-8]. There- 
fore, prognostic evaluation plays a key role in 
detecting the natural progression of these 
tumors [9]. To date, few studies have investi-
gated prognostic biomarkers of HCC [10-12]. 
Thus, more reliable diagnostic and prognostic 
biomarkers of HCC must be investigated to  
provide better treatment options for patients 
with HCC.

Carbonic anhydrase (CA) XII is a transmem-
brane zinc metalloenzyme that promotes the 
reversible hydration of carbon dioxide to form 
bicarbonates and is thus involved in acidifica-
tion of the microenvironment. CA XII has been 
shown to contribute to cancer cell survival, pro-
mote cancer cell invasion and migration, and 
maintain cancer cell pluripotency [13-15]. Ano- 
malous high CA XII expression has been ob- 
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served in a variety of cancers, such as non-
small cell lung cancer [16], estrogen-depend- 
ent breast cancer [17], brain tumors [18], and 
hepatic fibrolamellar carcinoma (FLC) [19]. Stu- 
dies have shown that CA XII upregulation is 
associated with an adverse prognosis in pa- 
tients with colorectal cancer, oral squamous 
cell carcinoma, renal cancer, and brain cancer 
[13, 18, 20-22]. Recent studies have shown 
that the expression of CA XII is also one of the 
most important independent postoperative 
prognostic factors after radical esophagectomy 
in patients with advanced esophageal squa-
mous cell carcinoma (ESCC) [23]. Studies have 
shown that CA XII expression may be a poten-
tial prognostic factor, but no consensus has 
been reached about its prognostic value in  
cancers; for certain types of cancers, such as 
lung cancer, cervical cancer, and breast can- 
cer, CA XII is associated with a favorable prog-
nosis [16, 24-26]. Recent studies have shown 
that CA XII expression is high in normal endo-
metrium and low in endometrial adenocarcino-
ma [27]. Moreover, CA XII expression has no 
prognostic value in other cancers such as gas-
tric cancer [28]. Therefore, more research is 
needed to investigate the prognostic value of 
CA XII in human cancers, including HCC.

No studies have investigated the associated 
clinicopathologic characteristics and prognos-
tic value of CA XII expression in HCC. We hypoth-
esized that CA XII may be a prognostic factor  
in HCC. This study was designed to explore  
the relationship between CA XII expression and 
poor prognosis in HCC patients. In this study, 
we examined the relationship between CA XII 
expression and clinicopathologic features using 
the The Cancer Genome Atlas (TCGA) database 
and tissue microarrays (TMAs) and evaluated 
the prognostic value of CA XII by Kaplan-Meier 
and Cox regression analyses. For the first time, 
CA XII was shown to be an independent prog-
nostic factor for disease-free survival (DFS) in 
HCC, which indicates that CA XII may be a new 
potential marker related to HCC progression 
and warrants further study.

Materials and methods

Data source and pretreatment

The hepatocellular carcinoma mRNA expres-
sion data were acquired from the TCGA (https://
portal.gdc.cancer.gov/) database, from which, 
374 hepatocellular carcinoma samples and 50 
normal liver samples were obtained. After ex- 

cluding cases with inadequate clinical informa-
tion, the data from 335 patients with hepato-
cellular carcinoma was combined with their 
complete detailed clinical information. The R 
language package edgeR (http://bioconductor.
org/biocLite.R,biocLite (“edgeR”)) was used to 
calculate the differentially expressed genes 
(DEGs) using the settings fold-change > 1 and P 
< 0.05 as the cutoff lines. The TCGA original 
HTSeq-Count data were processed using the 
trimmed mean of M-values (TMM) method for 
homogenization with edgeR. We used the log2 
transformation to convert expression levels  
of CA XII for further analysis. The gene microar-
ray data (GSE39791, GSE63898, GSE14323, 
GSE89377, GSE54236) were downloaded from 
the Gene Expression Omnibus (GEO) database 
(https://www.ncbi.nlm.nih.gov/geo/).

HCC tissue microarray construction

Ninety patients with HCC were enrolled to con-
struct TMAs, provided by Shanghai Outdo 
Biotech Co., Ltd. (Shanghai, China), to perform 
IHC analysis. Notable clinical data were provid-
ed such as sex, age, tumor size, tumor encap-
sulation, number of tumors, pathologic grade, 
hepatitis B virus infection, liver cirrhosis and 
tumor node metastasis (TNM) stage from the 
TMA data provided by the Shanghai Outdo 
Biotech Co., Ltd. No patients received any form 
of treatment (radiation therapy, chemotherapy, 
or immunotherapy) before surgery. We obtained 
informed consent from each patient, and ethi-
cal approval to conduct the research was pro-
vided by the ethical research committee of 
each local hospital.

IHC analysis of the HCC TMAs

Immunohistochemical detection was perfor- 
med as described in a previous study [29, 30]. 
Rabbit polyclonal anti-CA XII antibody (1:200, 
ab230515, Abcam, Cambridge, MA) was first 
added to the plates and incubated with the 
TMA. After washing with phosphate-buffered 
saline (PBS), the slides were incubated with 
anti-rabbit secondary IgG antibody. PBS was 
used instead of the primary anti-CA XII antibody 
as a negative control. The IHC score ranged 
from 0-12, which was generated by the number 
of stained cells multiplied by the cell staining 
intensity. The density of CA XII in the stained 
cells was graded as follows: 0 (negative stain-
ing), 1 (weak staining), 2 (moderate staining), 
and 3 (strong staining). The CA XII staining per-
centage was categorized as follows: 0 (0%), 1 
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Figure 1. CA XII mRNA is overexpressed in the HCC cohort from the TCGA and GEO databases. The mRNA levels of CA XII in HCC samples and normal counterpart 
tissues were compared in a cohort of patients from the TCGA (A, P = 0.000). CA XII expression in the groups stratified by sex (B, P = 0.010) and tumor pathologic 
grade (C, P = 0.028). CA XII mRNA expression in HCC is significantly elevated compared with that in normal tissues, as observed in the microarrays GSE39791 (D, P 
= 0.000), GSE63898 (E, P = 0.000), GSE14323 (F, P = 0.003), and GSE89377 (G, P = 0.000). The original data were plotted using the statistical software R (version 
3.5.2). The impact of CA XII expression on OS in HCC patients in the GSE54236 dataset (H, P = 0.002, log-rank test). HCC, hepatocellular carcinoma; GEO: Gene 
Expression Omnibus; TCGA: The Cancer Genome Atlas; OS, overall survival.
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(1%-10%), 2 (11%-50%), 3 (51%-75%), and 4 
(76%-100%). Finally, the median value of the 
IHC score (4.5) was chosen as the cutoff value 
to define the high and low expression groups. A 
score of 0-4 points was considered low CA XII 
expression, while a score > 4 points was con-
sidered high CA XII expression.

Statistical analysis

The SPSS software package, version 18 (SPSS 
Inc., Chicago, IL, USA) and STATA 14.0 (Stata 
Corporation, College Station, TX, USA) were 
used for statistical analyses. Data are present-
ed as the mean ± standard deviation. Statistical 
analysis was performed on the differences 
between the two groups using a paired or 
unpaired t-test, and the non-normally distribut-
ed data were analyzed using the Mann-Whitney 
U test. The Kruskal-Wallis test, followed by the 
Mann-Whitney U test, was performed to com-
pare multiple groups. The Kaplan-Meier meth-
od was used to generate survival curves, and 
the differences were analyzed using the log-
rank test. A Cox regression model was estab-
lished for the multivariate survival analysis to 
determine the prognostic factors that were sig-
nificant in the univariate analysis for either DFS 
or overall survival (OS). Significance was con-
sidered P < 0.05.

Results

Elevated CA XII mRNA expression in HCC

To investigate the role of CA XII in HCC, we eval-
uated CA XII mRNA expression in HCC based on 
the TCGA database. RNA-Seq data showed that 
CA XII expression was significantly elevated in 
HCC tissues compared to normal liver tissues 
(P = 0.000) (Figure 1A). There were also differ-
ences in CA XII expression between groups 
stratified by sex (Figure 1B, P = 0.010) and 
tumor pathologic grade (Figure 1C, P = 0.028). 
CA XII mRNA expression differed for different 
types of liver tissues in the GSE39791 (Figure 
1D, P = 0.000), GSE63898 (Figure 1E, P = 
0.000), GSE14323 (Figure 1F, P = 0.003), and 
GSE89377 (Figure 1G, P = 0.000) datasets.

Correlation between CA XII and the clinico-
pathological features of HCC

We investigated the relationship between CA 
XII expression in HCC samples and the widely 

recognized clinicopathologic features to explo- 
re the role of CA XII in HCC. We collected data 
from 335 patients with hepatocellular carcino-
ma, after excluding cases with inadequate cli- 
nical information, from the TCGA database. The 
results from the TCGA cohort indicated that CA 
XII expression was associated with sex (P = 
0.011) and pathologic grade (P = 0.012) (Table 
1). Similar results were found in the TMAs. High 
CA XII expression in HCC was related to age (P 
= 0.013), tumor size (P = 0.014), and pathologic 
grade (P = 0.015) (Table 1). In contrast, high CA 
XII expression was unrelated to tumor encapsu-
lation, liver cirrhosis, HBsAg level, number of 
tumors, and TNM stage (all P > 0.05). IHC sh- 
owed that positive staining for CA XII was pri-
marily localized to the cytoplasm and cell mem-
brane (Figure 2).

Impact of CA XII proteins on the survival of 
HCC patients

We further analyzed the relationship between 
CA XII protein expression and the prognosis of 
HCC patients. The results showed that HCC 
patients with high CA XII expression presented 
a significantly unfavorable DFS time (P = 0.002) 
and OS time (P = 0.006) (Figure 3A and 3D). 
HCC patients with tumors > 5 cm or TNM stage 
II had low DFS rates (P = 0.016 and P = 0.009) 
(Figure 3B and 3C) and OS rates (P = 0.025 and 
P = 0.017) (Figure 3E, 3F). A Cox regression 
univariate analysis demonstrated that among 
the clinicopathologic features, CA XII expres-
sion, tumor size, and TNM stage were related to 
DFS and OS (Tables 2 and 3). A multivariate 
analysis revealed that CA XII (P = 0.018) indi-
cated poor DFS (Table 2), but CA XII expression 
(P = 0.060) was not an independent risk factor 
for OS in HCC patients (Table 3). Validation of 
the survival analysis with the GSE54236 data-
set is shown in Figure 1H.

Discussion

Human carbonic anhydrases (hCAs, EC 4.2.1.1) 
are metalloenzymes that regulate certain phys-
iologic functions, such as electrolyte secretion, 
pH, biosynthesis, and carbon dioxide/bicarbon-
ate transport, and therefore affect many meta-
bolic processes [31, 32]. hCAs are classified 
into at least 15 subtypes based on their tissue 
specificity, subcellular localization, and molecu-
lar characteristics. CA XII is a hypoxia-induced 
membrane-bound enzyme that is highly expre- 
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ssed in various types of solid tumors such as 
colon cancer, breast cancer, and glioma [33]. 
Hypoxia shifts metabolism to glycolysis and 
anaerobic fermentation and increases the level 
of lactic acid [33]. CA XII promotes tumor pro-
gression by maintaining an acidic extracellular 

pH and an alkaline intracellular pH in quiescent 
cells, which upregulates the expression of pro-
teases, angiogenic factors, and cell growth fac-
tors and compromises immune function [34-
38]. Liu et al. [39] showed that CA XII was one 
of the key factors involved in the development 

Table 1. Relationship between CA XII overexpression and clinicopathologic characteristics of HCC 
patients in TMA specimens and TCGA data

Clinical feature
TMA TCGA

Case High, n (%) χ2 P-value Case Mean ± SD P-value
90 37 (41.1) 335

Gender
    Male 74 32 (43.2) 0.782 0.377a 227 1053.97±2689.60 0.011*,b

    Female 16 5 (31.3) 108 1786.45±4145.06
Age, years
    < 60 68 23 (33.8) 6.102 0.013*,a 159 1609.59±4148.86 0.483b

    ≥ 60 22 14 (63.6) 176 1001.49±2086.70
Race category
    White na na na na 164 1796.99±4097.35 0.297c

    Black or African American na na na 14 492.52±700.84
    Asian na na na 155 770.56±1937.35
    American Indian or Alaska native na na na 2 5574.21±7879.17
Tumor size (cm)
    > 5 42 23 (54.8) 6.061 0.014*,a na na na
    ≤ 5 48 14 (29.2) na na
Tumor encapsulation
    None 43 17 (39.5) 0.085 0.771a na na na
    Complete 47 20 (42.6) na na
Tumor number
    Multiple 16 10 (62.5) 3.677 0.055a na na na
    Solitary 74 27 (36.5) na na
Hepatitis B virus infection
    Yes 77 34 (44.2) 2.041 0.153a na na na
    No 13 3 (23.1) na na
Liver cirrhosis
    Yes 78 33 (42.3) 0.346 0.556a na na na
    No 12 4 (33.3) na na
Pathologic grade
    Grade 1 2 0 (0.00) 8.380 0.015*,a 45 854.22±1785.68 0.012*,c

    Grade 2 63 21 (33.3) 161 1232.96±3525.96
    Grade 3 25 16 (64.0) 117 1627.08±3408.58
    Grade 4 0 12 406.06±572.01
TNM stage
    Stage I 61 22 (36.1) 1.991 0.158a 164 1058.96±2840.99 0.130c 

    Stage II 29 15 (51.7) 83 1125.12±2447.09
    Stage III 0 83 1488.47±3216.30
    Stage IV 0 5 8318.16±12210.66
*P < 0.05; aχ2; bMann-Whitney U test; cKruskal-Wallis test; Adequate amounts of clinical data for 39 HCC patients from the TCGA 
were unavailable. CA XII, carbonic anhydrase XII; HCC, hepatocellular carcinoma; TMA, tissue microarray; TCGA, The Cancer 
Genome Atlas; SD, standard deviation; TNM, Tumor Node Metastasis.
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of laryngeal cancer by different pathways, such 
as glycolysis/gluconeogenesis and nitrogen 
metabolism, which suggests that CA XII plays a 
key role in laryngeal cancer. Tafreshi et al. [34] 
performed RT-PCR and immunocytochemistry 
(ICC) to determine CA XII expression levels in 
human breast cancer cell lines (MCF7, MDA-
mb231, ZR-75.1, MCF10A, and DCIS) under 
normoxic and hypoxic conditions. The results 
showed that CA XII expression on the cell sur-
face of tumor cells was related to tumor hypox-
ia. Gondi et al. [40] used a monoclonal antibody 
(6A10) that binds CA XII to show that this anti-
body inhibited CA surface activity in CA XII-
expressing cancer cells. In vitro studies also 
demonstrated that the antibody exerted a 
growth inhibitory effect by acting on the cata-
lytic process rather than by acting on antigen 
binding. Moreover, 6A10 significantly delayed 

In this study, we first downloaded the hepato-
cellular carcinoma RNA-Seq data from the 
TCGA database. Then, microarray data were 
downloaded from the GEO database. The 
results showed that the HCC specimens had 
higher mRNA levels of CA XII than normal non-
tumor tissues. Next, we constructed an HCC 
TMA, and IHC showed that CA XII expression 
was drastically higher in HCC cells than in non-
cancerous cells. Dinh et al. [19] performed 
western blotting and IHC and showed that CA 
XII was specifically overexpressed in fibrolamel-
lar carcinoma (FLC). These results are consis-
tent with and support the findings of this study. 
In addition, we employed TMAs to further inves-
tigate the relationship between CA XII expres-
sion and the HCC clinicopathologic features. At 
the mRNA level, CA XII expression was signifi-
cantly correlated with sex and pathological 

Figure 2. IHC detection of CA XII expression in paired HCC tissues and ad-
jacent nontumor tissues. CA XII expression was significantly upregulated in 
HCC tissues. The first and second line in the figure show the high and low 
expression levels of CA XII in HCC tissues, respectively. The third line in the 
figure indicates the negative expression of CA XII protein in HCC tissues. The 
last line in the figure shows the negative expression of the CA XII protein in 
nontumor tissues adjacent to the tumor tissues. The middle and right panels 
contain high-magnification images of the corresponding boxed areas in the 
left panels. The red and blue arrows show positive staining in the cytoplasm 
and cell membrane of the cancer cells. IHC, immunohistochemistry.

tumor growth in a mouse 
xenograft model of human 
tumors. These results demon-
strate that CA XII plays a key 
role in the physiology of can-
cer cells [40, 41]. Recent stud-
ies have shown that CA XII 
expression was increased on 
the surface of chemotherapy-
resistant cells, which indi-
cates that CA XII may be a 
potential therapeutic target 
that may be used to overcome 
chemotherapy resistance in 
tumor cells [42]. Recently, CA 
XII has been considered a 
prognostic marker or a poten-
tial drug target in tumors due 
to its confirmed role in tumor 
progression, metastasis, acid-
ification, and tumor cell signal-
ing during tumorigenesis [43, 
44]. Many preclinical studies 
have been conducted to inves-
tigate CA XII-targeted inhibi-
tors and biologics, and many 
promising anticancer agents 
have been developed to inhib-
it CA activity [45, 46]. Never- 
theless, detailed information 
about the role of CA XII in HCC, 
especially its prognostic value, 
is still limited.
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Figure 3. High CA XII expression is associated with poor outcomes for patients with HCC. The Kaplan-Meier analysis revealed significant differences in DFS (A, P 
= 0.002) and OS (D, P = 0.006) between postoperative patients with high and low CA XII expression in the HCC cohort. The survival analysis of HCC patients was 
performed by the Kaplan-Meier method. Patients with tumors > 5 cm or TNM stage II experienced poor DFS (B, P = 0.016 and C, P = 0.009) and OS rates (E, P = 
0.025 and F, P = 0.017). The P-values were determined using the log-rank test. DFS, disease-free survival.
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Table 2. Univariate and multivariate analyses of the predictors for disease-free survival in HCC pa-
tients

Univariate analysis Multivariate analysis
HR P > |z| 95% CI HR P > |z| 95% CI

CA XII expression 2.35
    High versus Low 0.003* 1.337-4.140 2.01 0.018* 1.126-3.584
Gender
    Male versus Female 1.75 0.172 0.784-3.896
Age (years) 1.04
    ≥ 60 versus < 60 0.894 0.561-1.940
Tumor size (cm)
    > 5 versus ≤ 5 1.96 0.020* 1.114-3.445 1.55 0.139 0.868-2.767
Tumor encapsulation
    None versus Complete 1.11 0.718 0.632-1.944
Tumor number
    Multiple versus Solitary 1.70 0.124 0.866-3.329
Hepatitis B virus infection
    Yes versus No 1.24 0.578 0.581-2.649
Liver cirrhosis
    Yes versus No 1.07 0.868 0.480-2.383
Pathologic grade
    Grade versus and 2 versus Grade 3 0.83 0.521 0.475-1.459
TNM stage  
    Stage I versus Stage II 0.48 0.012* 0.272-0.852 0.54 0.039* 0.306-0.971
*P < 0.05. HR, hazard ratio; 95% CI, 95% confidence interval.

Table 3. Univariate and multivariate analyses of the predictors of overall survival in HCC patients
Univariate analysis Multivariate analysis

HR P > |z| 95% CI HR P > |z| 95% CI
CA XII expression
    High versus Low 2.17 0.007* 1.232-3.818 1.77 0.060 0.976-3.213
Gender
    Male versus Female 1.65 0.221 0.740-3.672
Age (years)
    ≥ 60 versus < 60 1.27 0.445 0.684-2.372
Tumor size (cm)
    > 5 versus ≤ 5 1.88 0.029* 1.068-3.315 1.50 0.183 0.826-2.713
Tumor encapsulation
    None versus Complete 1.01 0.967 0.577-1.774
Tumor number
    Multiple versus Solitary 1.56 0.197 0.795-3.053
Hepatitis B virus infection
    Yes versus No 1.36 0.429 0.636-2.899
Liver cirrhosis
    Yes versus No 1.26 0.576 0.563-2.805
Pathologic grade
    Grade 2 versus Grade 3 0.90 0.713 0.513-1.578
TNM stage  
    Stage I versus Stage II 0.51 0.020* 0.287-0.898 0.57 0.053 0.319-1.007
*P < 0.05.
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grade. At the protein level, CA XII expression 
was significantly associated with age, tumor 
size, and pathologic grade. Ochi et al. [23] con-
ducted a study with 70 patients with primary 
ESCC and demonstrated that CA XII was related 
to the PT category and venous infiltration.

The Kaplan-Meier analysis revealed that high 
CA XII expression was associated with short 
DFS and OS in HCC patients, which suggests 
that CA XII may be a promising prognostic bio-
marker for predicting DFS and OS. With the sur-
vival analysis, this study showed that CA XII 
expression was a risk factor for a poor progno-
sis in terms of DFS for HCC patients. Viikilä et 
al. [20] showed that CA XII expression was 
related to the survival rate of patients with 
colorectal cancer and that high CA XII expres-
sion was associated with a poor prognosis, 
consistent with the findings of this study.

This study has some limitations. For example, 
we did not collect clinical data on the history of 
alcohol consumption or HCV infections for the 
HCC patients, and these factors are considered 
important in the etiology of HCC. In addition, 
this study was based on TMA specimens, which 
were limited and lacked information on the 
TNM stage III and IV specimens; we will improve 
the clinical data collection methods in future 
studies. More research is needed to determine 
the molecular mechanisms of CA XII in the 
development of HCC.
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