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Abstract: Ovarian cancer is the most lethal gynecologic malignancy, in which cancer stem cells (CSC) have been 
reported to be the driving force of relapse and therapy-resistance. It is therefore important to explore CSC markers 
in ovarian cancer. This project aimed to explore the correlation between the expression of potential CSC maker Cac-
na2d1 and clinicopathological parameters in 238 epithelial ovarian cancer (EOC) samples. Immunohistochemically, 
positive Cacna2d1 expression was observed in 83.6% (199/238) of the EOC tumors, among which 107 tumors 
(44.9%) were highly positive and 92 (38.7%) tumors were weakly positive for the Cacna2d1 protein expression. 
Among the 158 serous carcinomas, the Cacna2d1 positivity was 148 (93.7%), in which 88 (55.7%) were highly 
positive, and 60 (38.0%) were weakly positive for the Cacna2d1 protein expression. Most strikingly, the Cacna2d1 
was specifically expressed in the infiltration front areas of the EOC tumors. Statistical analyses showed that positive 
expression of Cacna2d1 was significantly associated with advanced FIGO stage (P<0.001), histological subtype 
(P=0.017) and tumor differentiation (P=0.015). Positive Cacna2d1 protein expression was significantly associated 
with poor overall survival (OS) and shorter progression free survival (PFS) in both total EOCs and serous carcinomas, 
although multivariate analyses did not reach statistical significance. In summary, our results suggest Cacna2d1 
protein may play a crucial role in promoting aggressive EOC behavior and progression, and Cacna2d1 may serve as 
a novel predictive prognostic marker and a potential target for therapeutic intervention in EOCs.
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Introduction

Cancer is a major public health problem world-
wide and epithelial ovarian cancer (EOC) repre-
sents the second most common gynecological 
malignancy followed by the cervical cancer. 
Over half of all deaths in women are caused by 
EOC [1]. The mainstays of malignant cancer 
treatment are surgery, radiotherapy, and che-
motherapy [2]. However, most of the EOC 
patients are diagnosed at an advanced stage 
(Stages III and IV), and most of them have 
already peritoneal spread, with a 5-year surviv-
al rate of less than 30% [2, 3]. Additionally, 
most EOCs are serous carcinomas [4, 5]. It is 
known that cancers including ovarian cancer, 

contain a small population of cancer stem cells 
(CSCs), which are the driving force for tumor 
development and therapy failure. Since recur-
rence and metastasis of ovarian cancer are the 
main hurdles for ovarian carcinoma treatment 
[6], we were attempted to explore novel stem 
cells markers in ovarian cancer. 

Voltage-dependent calcium channel subunit 
alpha-2/delta-1 (Cacna2d1) is a member of the 
α2/δ subunit family. Subunits α2/δ-1, α2/δ-2, 
α2/δ-3 and α2/δ-4 are encoded by Cacna2d1, 
Cacna2d2, Cacna2d3 and Cacna2d4, respec-
tively [7]. The main subunit α2/δ-1 is a splice 
variant that is present in rat brain, especially in 
neuronal cell types [8], including dorsal root 
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ganglion neurons [9]. It also has three alterna-
tively spliced regions, namely A, B and C, which 
were identified from multiple sequence align-
ments. In addition, five transcripts consisting of 
different combinations of these alternatively 
spliced regions were found in mouse brain, 
skeletal muscle, smooth muscle, heart, and 
aorta [10]. In general, voltage-gated calcium 
channels (VGCCs) govern important physiologi-
cal functions, such as contraction, secretion, 
neurotransmission, and gene expression in 
many different cell types by mediating Ca2+ 
entry into the cell upon membrane polarization. 
Recently, it was reported that the mutation of 
Cacna2d1 could lead to epilepsy and intellec-
tual disability [11], azoospermic [12] and car-
diomyopathy [13]. Downregulation of Cacna2d1 

by miR-107 promotes the erythroid differentia-
tion of K562 and KCL-22 chronic myeloid leuke-
mia cells, which indicates a role in CSCs, alth- 
ough additional molecular studies are required 
to disclose the related mechanisms. 

To explore the clinicopathological correlations 
of the Cacna2d1 protein expression in ovarian 
cancer, we randomly enrolled 238 cases of pri-
mary ovarian carcinomas. The Cacna2d1 pro-
tein expression was immunohistochemically 
examined and the correlations of the Cacna2d1 
protein expression in these tumors with the 
clinicopathological parameters including FIGO 
stage, histological subtype, histological grade 
and long-term survival were statistically an- 
alyzed. 

Table 1. Association of Cacna2d1 expression in ovarian carcinoma patients with clinicopathological 
characteristics (Chi-square test)

Cacna2d1 score in tumor cells by IHC
Total 1 (negative) 2 (low) 3 (high)

Parameter n=238 38 (16.0%) 91 (38.2%) 109 (45.8%) P-value
Age (years old) 0.320
    ≤39 16 5 (31.3%) 6 (37.5%) 5 (31.3%)
    40-49 37 8 (21.6%) 14 (37.8%) 15 (40.5%)
    50-59 63 8 (12.7%) 27 (42.9%) 28 (44.4%)
    60-69 69 10 (14.5%) 20 (29.0%) 39 (56.5%)
    ≥70 39 5 (12.8%) 18 (46.2%) 16 (17.8%)
    Missing 14
Histological subtype 0.017*
    Serous carcinoma 158 23 (14.6%) 56 (35.4%) 79 (50.0%)
    Mucinous carcinoma 18 3 (16.7%) 9 (50.0%) 6 (33.3%)
    Endometrioid carcinoma 20 7 (35.0%) 8 (40.0%) 5 (25.0%)
    Clear cell carcinoma 10 0 (0.0%) 2 (20.0%) 8 (80.0%)
    Mixed epithelial tumor 11 2 (18.2%) 7 (63.6%) 2 (18.2%)
    Undifferentiated tumor 3 1 (33.3%) 0 (0.0%) 2 (66.7%)
    Unclassified tumor and others 9 0 (0.0%) 6 (66.7%) 3 (33.3%)
FIGO Stage 0.000***
    I 27 9 (33.3%) 15 (55.6%) 3 (11.1%)
    II 17 3 (17.6%) 11 (64.7%) 3 (17.6%)
    III 115 19 (16.5%) 39 (33.9%) 57 (49.6%)
    IV 74 6 (8.1%) 24 (32.4%) 44 (59.5%)
    Not staged or missing 5
Histological Grade 0.015*
    Well 19 4 (21.1%) 9 (47.4%) 6 (31.6%)
    Moderate 61 10 (16.4%) 30 (49.2%) 21 (34.4%)
    Poor 128 18(14.1%) 36 (28.1%) 74 (57.8%)
    Not graded or missing 30
*P<0.05, ***P<0.001 vs Cacna2d1 score in EOCs.
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Figure 1. Cacna2d1 protein expression in EOCs. A (100×) and B (400×) show a positive Cacna2d1 expression in 
infiltration front areas in a serous carcinoma. Other tumor cells are largely Cacna2d1 negative. Negative Cacna2d1 
expression in a well differentiated serous EOC is shown in C (100×) and D (400×). E (100×) and F (400×) show 
weakly Cacna2d1 positivity expression in a poorly differentiated serous EOC, where most tumor cells were positive, 
but the immunoreactive intensity is weak. G (100×) and H (400×) show weakly Cacna2d1 positivity expression in a 
moderately differentiated serous EOC, where most tumor cells are negative, but tumor cells in a small area of the 
tumor are highly positive for the Cacna2d1 expression. I (100×) and J (400×) show strong Cacna2d1 expression 
in a poorly differentiated EOC, where most tumor cells are positive with high immunoreactivity in the tumor cells. 

Materials and methods

Ethics statement

This study was approved by the Regional 
Committee for Medical Research Ethics South 
of Norway (S-06277a), The Social- and Health 
Directorate (06/3280) and The Data Inspec- 
torate (06/5345). Written informed consent 
was obtained from all of the participants inv- 
olved. This study was performed at The Nor- 
wegian Radium Hospital, Oslo University Hos- 
pital, Oslo, Norway.

Patients and materials

238 formalin-fixed and paraffin-embedded 
tumor specimens with EOC were collected from 
patients who underwent surgery at The Nor- 
wegian Radium Hospital, Oslo University Hos- 
pital (Oslo, Norway) between March, 1983 and 
May, 2001. Informed consent was obtained 
according to the institutional and national 
guidelines. The age distribution of all patients 
ranged from 19 to 89 years with a median age 
of 58 years. Clinicopathological data of the 238 
EOC patients is shown in Table 1. The patients 
were followed up until January 1st, 2012. All 
the patients were clinically staged by the crite-
ria of International Federation of Gynecology 
and Obstetrics (FIGO) staging system [14]. The 
primary tumors were histologically graded  
as well, moderately and poorly differentiated 

according to the classification guidelines of the 
World Health Organisation [15]. The evaluation 
of disease progression was based on the defini-
tions of the Gynecologic Cancer Intergroup [16]. 

Immunohistochemistry (IHC)

The ovarian carcinoma tissues were paraffin-
embedded and cut to 3-µm sections. Then the 
sections were deparaffinized and epitopes 
unmasked in PT link with low pH target retrieval 
solution (Dako) by using the Dako Envision 
FLEX+ system (K8012; Dako, Glostrup, Denm- 
ark). The slides were blocked with peroxidase 
blocking solution (Dako) for 5 minutes, and 
then incubated at 4°C with monoclonal mouse 
anti-human Cacna2d1 antibody (cat. no. ab- 
2864; 1:500; Abcam, USA) over night, followed 
by incubation with mouse linker (Dako) for 15 
minutes and horseradish peroxidase (Dako) for 
30 minutes at room temperature. The slides 
were subsequently stained with 3,3’-diamino-
benzidine tetrahydrochloride for 10 minutes 
and counter-stained with hematoxylin, dehy-
drated, and mounted in Richard-Allan Scientific 
Cytoseal XYL (Thermo Fisher Scientific, Walth- 
am, MA, USA). A known Cacna2d1-positive mo- 
use brain slide was used as positive control. 
The negative control was made by incubating 
the positive control slide with the same concen-
tration of non-immune mouse IgG2a replacing 
the primary antibody.
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IHC scoring method

The Allred scoring system was applied for 
assessing the Cacna2d1 expression in the EOC 
tissues, from which both intensity score (IS) 
and percentage score (PS) were obtained from 
each case [17]. The IS was measured as: 0 
(negative), 1+ (weak), 2+ (moderate), or 3+ 
(strong), and the PS was classified as: 0 (0%), 1 
(>0%-1%), 2 (>1%-10%), 3 (>10%-33%), 4 (>33%- 
66%), and 5 (>66%-100%). The total score was 
calculated as the sum of PS and IS, which 
ranged from 0 to 8. The total score of 0, 1 to 6, 
and 7 to 8 were defined as negative, low expres-
sion, and high expression, respectively [6, 17]. 
The immunostaining of Cacna2d1 in tissues 
was determined with an optical double-headed 
microscope (Olympus, Tokyo, Japan) by two ex- 
perienced independent observers (DY and ZS). 
All the cases were verified by another patholo-
gist (JMN) from the Norwegian Radium Hospital, 
Oslo University Hospital, Oslo, Norway.

Statistical analysis

SPSS software, version 22.0 (SPSS Inc., 
Chicago, IL, USA) was used for all the data anal-
yses. The Chi-square test was used to investi-

gate the association between categorical vari-
ables (Pearson and linear-by-linear as appro- 
priate). Medians and survival analyses were 
performed using the Kaplan-Meier method, 
and groups were compared by using log-rank 
tests. In addition, multivariate analyses were 
explored using Cox Regression method. For all 
the analyses, P-values less than 0.05 were con-
sidered to indicate statistical significance.

Results

Variable Cacna2d1 expressions were detected 
in the EOC samples

Variable Cacna2d1 expression was detected in 
the membrane/cytoplasm of the tumor cells, in 
addition to the endothelial cells and some stro-
mal cells (Figure 1). It was highly expressed in 
infiltration front areas in the EOCs (Figure 1A, 
1B). Out of the total 238 samples, 38 (16.0%) 
tumors were negative (Figure 1C, 1D), 91 
(38.2%) tumors weakly (low) (Figure 1E-H) and 
109 (45.8%) tumors strong (high) (Figure 1I, 1J) 
positive for Cacna2d1 expression (Table 1).

It is known that the EOC constitutes more than 
80% of all ovarian tumors and the most preva-

Table 2. Association of Cacna2d1 expression in ovarian serous carcinoma patients with clinicopatho-
logical characteristics (Chi-square test)

Cacna2d1 score in tumor cells by IHC
Total 1 (negative) 2 (low) 3 (high)

Parameter n=158 10 (6.3%) 60 (38.0%) 88 (55.7%) P-value
Age (years old) 0.904
    ≤39 9 1 (11.1%) 4 (44.4%) 4 (44.4%)
    40-49 25 2 (8.0%) 9 (36.0%) 14 (56.0%)
    50-59 45 2 (4.3%) 18 (40.0%) 25 (55.6%)
    60-69 50 3 (6.0%) 15 (30.0%) 32 (64.0%)
    ≥70 24 2 (8.3%) 11 (45.8%) 11 (45.8%)
    Missing 5 0.000***
FIGO Stage
    I 7 3 (42.9%) 4 (57.1%) 0 (0.0%)
    II 4 1 (25.0%) 3 (75.0%) 0 (0.0%)
    III 91 4 (4.4%) 41 (45.1%) 46 (50.5%)
    IV 56 2 (3.6%) 12 (21.4%) 42 (75.0%)
Histological Grade 0.007**
    Well 9 0 (0.0%) 7 (77.8%) 2 (22.2%)
    Moderate 43 2 (4.7%) 21 (48.8%) 20 (46.5%)
    Poor 96 6 (6.3%) 25 (26.0%) 65 (67.7%)
    Not graded or missing 11
Note: **P<0.01, ***P<0.001 vs Cacna2d1 score in ovarian serous carcinoma cells.
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lent histologic subtype of EOC is serous carci-
noma [19, 20]. As shown in Table 2, among the 
EOCs, there were 158 serous carcinomas. 
Among these serous carcinomas, 10 (6.3%) 
tumors were negative, 60 (38.0%) tumors were 
weakly (low) positive and 88 (55.7%) tumors 
were strongly (high) positive for the Cacna2d1 
expression.

Cacna2d1 expression and its clinicopathologi-
cal associations

The correlation of Cacna2d1 protein expression 
with age, histological subtype, tumor FIGO 
stage and differentiation grade were analyzed 
by Chi-square test as shown in Table 1. The 
expression of Cacna2d1 in total EOCs was  
significantly associated with advanced FIGO 
stage (P<0.001), histological subtype (P=0.017) 
and tumor differentiation (P=0.015), but not 
with age (P=0.320). It was also found that the 

mor differentiation (P=0.007), but not with age 
(P=0.904).

Cacna2d1 expression in ovarian carcinomas 
was associated with poor survivals

The survival analyses in the total of 232 valid 
EOC cases with complete clinical information 
was performed in terms of the effect of the 
Cacna2d1 expression on OS and PFS. Kaplan-
Meier statistical analyses showed that the 
expression of Cacna2d1 in total EOCs was sig-
nificantly associated with poor OS (P=0.042, 
Figure 2A) and PFS (P=0.017, Figure 2B). The 
medians of OS and PFS are shown in Table 3. 
Cacna2d1 expression in the 158 valid serous 
EOC tumors was also evaluated in terms of its 
effect on OS and PFS. In consistent with the 
results in the total tumors, positive Cacna2d1 
expression was significantly associated with 
poor OS (P=0.027, Figure 3A) and poor PFS 

Figure 2. Survival probabilities are shown in different Cacna2d1 expression groups in the total EOCs. Strong Cac-
na2d1 positive group in EOCs shows poorer OS compared to the negative group (P=0.042, Kaplan-Meier method) in 
A. The group with negative Cacna2d1 expression is significantly associated with higher PFS probabilities (P=0.017, 
Kaplan-Meier method) in B.

Table 3. Survival analyses of OS and PFS in total EOCs (Kaplan-
Meier method, log-rank test)

OSa PFSb

TSc Median 95% CId P-value Median 95% CI P-value
Negative 1.480 0.995-1.965 0.580 0.451-0.709
Low 1.900 1.011-2.789 0.700 0.137-1.263
High 1.400 0.884-1.916 0.590 0.407-0.773
Total 1.600 1.209-1.991 0.042* 0.620 0.461-0.779 0.017*
Note: aOS, overall survival; bPFS, progression free survival; cTS, total score; d95% CI, 
95% confidence interval; *Statistically significant (P<0.05).

expression of Cacna2d1 in 
EOC samples was significantly 
associated with poor tumor 
differentiation. The Cacna2d1 
protein expression in the se- 
rous carcinomas showed sim-
ilar clinicopathological corre-
lation tendency analyzed by 
Chi-square test as shown in 
Table 2, significantly associ-
ated with the advanced FIGO 
stage (P<0.001) and the tu- 
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(P=0.022, Figure 3B). The medians of OS and 
PFS are presented in Table 4.

Cacna2d1 expression in EOCs was not an 
independent risk factor for OS and PFS

Multivariate analyses were performed to esti-
mate the association of Cacna2d1 protein 
expression and the above clinicopathological 
parameters in terms of OS in total EOCs and 
serous type carcinomas by using Cox Regre- 
ssion method. It was revealed that age, FIGO 
stage and tumor differentiation were indepen-
dent risk factors for OS and PFS in total EOCs 
(P<0.05) when evaluated by both univariate 
analyses and multivariate analyses. Cacna2d1 
protein expression was determined as an in- 
dependent risk factor for the poor OS (Table  
5) and poor PFS (Table 6) in univariate an- 
alyses, however, multivariate analyses did not 
show the same. Similarly, Cox Regression anal-
ysis for the serous type carcinomas showed th- 
at the Cacna2d1 expression was a significant 

ment, lymph node status, and magnitude of 
metastasis, the stage of EOCs is usually clari-
fied by using FIGO system [18]. In addition, it 
has four major histological subtypes, including 
serous adenocarcinoma, clear cell carcinoma, 
endometrioid adenocarcinoma, and mucinous 
adenocarcinoma [18, 19]. Because of the 
symptom is unspecific in EOC patients, most of 
these patients are diagnosed at advanced 
stage when a diagnosis is determined. Patients 
with advanced EOC are conventionally treated 
by primary cytoreductive debulking surgery fol-
lowed by adjuvant chemotherapy. However, 
most of the treated tumors will develop chemo-
resistance [20, 21]. Despite extensive improve-
ments in surgery and post-surgery chemothera-
py, radiotherapy and neoadjuvant therapy, the 
prognosis for patients with EOC is still extreme-
ly poor, mainly because of metastasis and 
recurrence [22]. 

The development of chemoresistance is a mul-
tifactorial process. Growing evidence indicates 

Figure 3. Survival probabilities are shown in different Cacna2d1 expression groups in the ovarian serous carcinoma 
samples. Cacna2d1 negative group shows favorable OS (P=0.027) in A and favorable PFS (P=0.022) in B than that 
in the high positive group.

Table 4. Survival analysis of OS and PFS in serous EOC tumors 
(Kaplan-Meier method, log-rank test)

OSa PFSb

TSc Median 95% CId P-value Median 95% CI P-value
Negative 1.460 0.360-2.560 0.560 0.421-0.699
Low 2.210 1.608-2.812 0.660 0.385-0.935
High 1.230 0.894-1.566 0.530 0.221-0.839
Total 1.480 1.017-1.943 0.027* 0.610 0.428-0.792 0.022*
Note: aOS, overall survival; bPFS, progression free survival; cTS, total score; d95% CI, 
95% confidence interval; *Statistically significant (P<0.05).

risk factor for poor OS (Table 
7) and poor PFS (Table 8) in 
univariate analyses, but mul-
tivariate analyses did not 
show the same.

Discussion

Ovarian cancer is a major 
cause of mortality among 
gynecological cancers in wo- 
men [1]. In general, based on 
the extent of tissue involve-
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that biological/cellular heterogeneity of ovarian 
cancer is highly associated with a small sub-
population of CSCs [23, 24]. It is known that the 
CSCs contribute to tumorigenesis, resistant to 
conventional chemotherapy and recurrence. 
This small group of ovarian cancer cells pos-
sesses the capacity of self-renewal and highly 
migratory, leading to poor clinical outcomes. 
Increasing evidence supports the notion that 
the progression, metastasis and recurrence of 

EOCs are correlated with CSCs [25-28]. So far, 
a number of potential ovarian CSC markers are 
reported, including CD44, CD133, Nanog, 
SOX2, Oct 3/4 and so on. However, the molecu-
lar mechanism behind how CSCs initiate inva-
sion and metastasis in EOCs is still not fully 
clear.

Voltage-gated Ca2+ channels are voltage sen-
sors that convert membrane depolarization 

Table 5. Univariate and multivariate analysis of OS in total EOCs (Cox regression)
Univariate analysis Multivariate analysis

Covariate HRa 95% CIb P-value HRa 95% CIb P-value
Cacna2d1c 1.291 1.057-1.577 0.012* 0.865 0.697-1.074 0.190
Age groupd 1.355 1.200-1.531 0.000*** 1.184 1.039-1.349 0.011*
Histological subtypee 0.942 0.849-1.046 0.267 0.987 0.892-1.092 0.796
FIGO stagef 2.018 1.683-2.418 0.000*** 1.825 1.445-2.306 0.000***
Differentiation gradeg 1.518 1.199-1.920 0.001** 1.394 1.095-1.776 0.007**
Note: aHR Hazard ratio; b95% CI, 95% confidence interval; cCacna2d1 expression including negative group, low expression 
group and high expression group; dAge ≤39 years versus 40-49 years versus 50-59 years versus 60-69 years versus ≥70 
years; eSerous carcinoma versus mucinous carcinoma versus endometrioid carcinoma versus clear cell carcinoma versus 
mixed epithelial tumor versus undifferenciated tumor; fFIGO stage I versus FIGO stage II versus FIGO stage III versus FIGO 
stage IV; gwell differentiation versus moderate differentiation versus poor differentiation. *P<0.05, **P<0.01; ***P<0.001.

Table 6. Univariate and multivariate analysis of PFS in total EOCs (Cox regression)
Univariate analysis Multivariate analysis

Covariate HRa 95% CIb P-value HRa 95% CIb P-value
Cacna2d1c 1.321 1.078-1.620 0.007** 0.952 0.765-1.183 0.655
Age groupd 1.316 1.165-1.486 0.000*** 1.151 1.010-1.312 0.035*
Histological subtypee 0.933 0.838-1.038 0.203 0.992 0.893-1.102 0.881
FIGO stagef 2.037 1.704-2.435 0.000*** 1.786 1.423-2.241 0.000***
Differentiation gradeg 1.430 1.128-1.812 0.003** 1.281 1.007-1.630 0.044*
Note: aHR Hazard ratio; b95% CI, 95% confidence interval; cCacna2d1 expression including negative group, low expression 
group and high expression group; dAge ≤39 years versus 40-49 years versus 50-59 years versus 60-69 years versus ≥70 
years; eSerous carcinoma versus mucinous carcinoma versus endometrioid carcinoma versus clear cell carcinoma versus 
mixed epithelial tumor versus undifferenciated tumor; fFIGO stage I versus FIGO stage II versus FIGO stage III versus FIGO 
stage IV; gwell differentiation versus moderate differentiation versus poor differentiation. *P<0.05, **P<0.01; ***P<0.001.

Table 7. Univariate and multivariate analysis of OS in serous EOC tumors (Cox regression)
Univariate analysis Multivariate analysis

Covariate HRa 95% CIb P-value HRa 95% CIb P-value
Cacna2d1c 1.470 1.108-1.952 0.008** 0.992 0.720-1.365 0.959
Age groupd 1.223 1.060-1.411 0.006** 1.054 0.905-1.227 0.500
FIGO stagef 1.959 1.510-2.541 0.000*** 1.667 1.207-2.302 0.002**
Differentiation gradeg 1.471 1.115-1.941 0.006** 1.393 1.044-1.857 0.024*
Note: aHR Hazard ratio; b95% CI, 95% confidence interval; cCacna2d1 expression including negative group, low expression 
group and high expression group; dAge ≤39 years versus 40-49 years versus 50-59 years versus 60-69 years versus ≥70 
years; eSerous carcinoma versus mucinous carcinoma versus endometrioid carcinoma versus clear cell carcinoma versus 
mixed epithelial tumor versus undifferenciated tumor; fFIGO stage I versus FIGO stage II versus FIGO stage III versus FIGO 
stage IV; gwell differentiation versus moderate differentiation versus poor differentiation. *P<0.05, **P<0.01; ***P<0.001.
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into Ca2+ signals, which can trigger the poten-
tial shape and firing frequency of action by reg-
ulating the secretion of catecholamine and the 
retrievals of vesicle in the chromaffin cells of 
the adrenal medulla. Ca2+ current changes can 
be opposingly regulated by the cAMP/PKA and 
NO/cGMP/PKG phosphorylation pathways. It is 
recently reported that downregulating the 
expression of Cacna2d1 in chronic myeloid leu-
kemia cells can promote the erythroid differen-
tiation of leukemia cells [29], which highly indi-
cates that the Cacna2d1 gene may be ass- 
ociated with higher cell stemness, or CSCs. 
Additionally, it has been directly confirmed that 
the Cacna2d1 is a surface marker for the hepa-
tocellular carcinoma CSCs, which can be acti-
vated by PBX3, and plays an effect of acquisi-
tion and maintenance on CSCs properties with 
EpCAM, SOX2 and Notch3 when activated by 
PBX3 at the same time. What’s more, the ex- 
pression of Cacna2d1 and PBX3 mRNA is pre-
dictive of poor prognosis for hepatocellular car-
cinoma patients [30].

In the present study, we tried to elucidate the 
clinical implications of Cacna2d1 expression on 
the tissue level of EOC. It was discovered that 
the Cacna2d1 expression was confined to the 
membrane and cytoplasm of the positively 
stained cells, which is in line with the Cacna2d1 
antibody product information provided by 
Sigma-Aldrich (Catalog number SAB4301195), 
Novus Biologicals (Catalog number NB120-
2864) and Osenses (Catalog number OSC00- 
323W). Interestingly, the analyses of the clini-
copathological correlation with Cacna2d1 pro-
tein expression has shown that the Cacna2d1 
expression is significantly correlated with the 
advanced FIGO stage, especially positive in the 
infiltration front areas of EOCs in our current 

study. In addition, the survival analyses indi-
cate that the high levels of the Cacna2d1 
expression are associated with both poor OS 
and shorter PFS, not only in the total EOCs, but 
also in the serous ovarian carcinomas. Coll- 
ectively, the above results indicate that the 
Cacna2d1 expression may contribute to the 
worse prognoses for the patients, although it is 
not an independent predictor of survival in the 
multivariate analyses, most probably attributes 
to the small number of patients involved in the 
current study. Therefore, more clinical studies 
on the Cacna2d1 with larger number of pati- 
ents’ materials in EOCs are warranted. 

In conclusion, the present long-term follow-up 
retrospective study supports the evidence sug-
gesting that Cacna2d1 protein expression in 
tumor cells implies poor prognosis and shorter 
clinical outcomes in patients with ovarian carci-
noma. Cacna2d1 protein may play a crucial role 
in promoting aggressive EOC behavior and pro-
gression. Therefore, Cacna2d1 may serve as a 
novel predictive prognostic marker and a poten-
tial target for therapeutic intervention in EOCs.

Acknowledgements

This study was supported by grants from 
National Natural Science Foundation of China 
(81272824), Inger and John Fredriksen Found- 
ation, and the Radium Hospital Research Fo- 
undation, Oslo, Norway.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Zhenhe Suo, Depart- 
ment of Oncology, The First Affiliated Hospital of 

Table 8. Univariate and multivariate analysis of PFS in serous EOC tumors (Cox regression)
Univariate analysis Multivariate analysis

Covariate HRa 95% CIb P-value HRa 95% CIb P-value
Cacna2d1c 1.468 1.104-1.952 0.008** 1.053 0.768-1.444 0. 747
Age groupd 1.159 1.002-1.340 0.046* 1.022 0.876-1.192 0.785
FIGO stagef 1.933 1.499-2.493 0.000*** 1.628 1.190-2.228 0.002**
Differentiation gradeg 1.285 0.968-1.706 0.082 1.163 0.868-1.558 0.312
Note: aHR Hazard ratio; b95% CI, 95% confidence interval; cCacna2d1 expression including negative group, low expression 
group and high expression group; dAge ≤39 years versus 40-49 years versus 50-59 years versus 60-69 years versus ≥70 
years; eSerous carcinoma versus mucinous carcinoma versus endometrioid carcinoma versus clear cell carcinoma versus 
mixed epithelial tumor versus undifferenciated tumor; fFIGO stage I versus FIGO stage II versus FIGO stage III versus FIGO 
stage IV; gwell differentiation versus moderate differentiation versus poor differentiation. *P<0.05, **P<0.01; ***P<0.001.



Cacna2d1 expression in epithelial ovarian cancers

2096 Am J Cancer Res 2016;6(9):2088-2097

Zhengzhou University, Zhengzhou, Henan, China; 
Department of Pathology, The Norwegian Radium 
Hospital, Oslo University Hospital, University of Oslo, 
Montebello, Ullernchausseen 70, N-0379, Oslo, 
Norway. E-mail: zhenhes@medisin.uio.no 

References

[1] Siegel RL, Miller KD and Jemal A. Cancer sta-
tistics, 2016. CA Cancer J Clin 2016; 66: 7-30.

[2] Zhu X and Lang J. The significance and thera-
peutic potential of PD-1 and its ligands in ovar-
ian cancer: A systematic review. Gynecol Oncol 
2016; 142: 184-9.

[3] Terry KL, Schock H, Fortner RT, Husing A, 
Fichorova RN, Yamamoto HS, Vitonis AF, John-
son T, Overvad K, Tjonneland A, Boutron-Ru-
ault MC, Mesrine S, Severi G, Dossus L, Rinaldi 
S, Boeing H, Benetou V, Lagiou P, Trichopoulou 
A, Krogh V, Kuhn E, Panico S, Bueno-de-Mes-
quita HB, Onland-Moret NC, Peeters PH, Gram 
IT, Weiderpass E, Duell EJ, Sanchez MJ, Ardan-
az E, Etxezarreta N, Navarro C, Idahl A, Lundin 
E, Jirstrom K, Manjer J, Wareham NJ, Khaw KT, 
Smith Byrne K, Travis RC, Gunter MJ, Merritt 
MA, Riboli E, Cramer D and Kaaks R. A pro-
spective evaluation of early detection biomark-
ers for ovarian cancer in the European EPIC 
cohort. Clin Cancer Res 2016; [Epub ahead of 
print].

[4] Dorayappan KD, Wallbillich JJ, Cohn DE and 
Selvendiran K. The biological significance and 
clinical applications of exosomes in ovarian 
cancer. Gynecol Oncol 2016; 142: 199-205.

[5] Bhatt A and Glehen O. The role of Cytoreduc-
tive Surgery and Hyperthermic Intraperitoneal 
Chemotherapy (HIPEC) in Ovarian Cancer: A 
Review. Indian J Surg Oncol 2016; 7: 188-197.

[6] Huang R, Li X, Holm R, Trope CG, Nesland JM 
and Suo Z. The expression of aldehyde dehy-
drogenase 1 (ALDH1) in ovarian carcinomas 
and its clinicopathological associations: a ret-
rospective study. BMC Cancer 2015; 15: 502.

[7] Dolphin AC. Calcium channel auxiliary alph-
a2delta and beta subunits: trafficking and one 
step beyond. Nat Rev Neurosci 2012; 13: 542-
555.

[8] Cole RL, Lechner SM, Williams ME, Prodanov-
ich P, Bleicher L, Varney MA and Gu G. Differen-
tial distribution of voltage-gated calcium ch- 
annel alpha-2 delta (alpha2delta) subunit 
mRNA-containing cells in the rat central ner-
vous system and the dorsal root ganglia. J 
Comp Neurol 2005; 491: 246-269.

[9] Bauer CS, Nieto-Rostro M, Rahman W, Tran-
Van-Minh A, Ferron L, Douglas L, Kadurin I, Sri 
Ranjan Y, Fernandez-Alacid L, Millar NS, Dick-
enson AH, Lujan R and Dolphin AC. The in-

creased trafficking of the calcium channel sub-
unit alpha2delta-1 to presynaptic terminals in 
neuropathic pain is inhibited by the alpha2de-
lta ligand pregabalin. J Neurosci 2009; 29: 
4076-4088.

[10] Angelotti T and Hofmann F. Tissue-specific ex-
pression of splice variants of the mouse volt-
age-gated calcium channel alpha2/delta sub-
unit. FEBS Lett 1996; 397: 331-337.

[11] Vergult S, Dheedene A, Meurs A, Faes F, Isidor 
B, Janssens S, Gautier A, Le Caignec C and 
Menten B. Genomic aberrations of the CAC-
NA2D1 gene in three patients with epilepsy 
and intellectual disability. Eur J Hum Genet 
2015; 23: 628-632.

[12] Li L, Chen H, Yin C, Yang C, Wang B, Zheng S, 
Zhang J and Fan W. Mapping breakpoints of a 
familial chromosome insertion (18,7) (q22.1; 
q36.2q21.11) to DPP6 and CACNA2D1 genes 
in an azoospermic male. Gene 2014; 547: 43-
49.

[13] Cataldo S, Annoni GA and Marziliano N. The 
perfect storm? Histiocytoid cardiomyopathy 
and compound CACNA2D1 and RANGRF muta-
tion in a baby. Cardiol Young 2015; 25: 174-
176.

[14] Baak JP, Wisse-Brekelmans EC, Langley FA, Ta-
lerman A and Delemarre JF. Morphometric 
data to FIGO stage and histological type and 
grade for prognosis of ovarian tumours. J Clin 
Pathol 1986; 39: 1340-1346.

[15] Li X, Huang R, Li RH, Trope CG, Nesland JM and 
Suo Z. Expression of zinc finger E-box-binding 
homeobox factor 1 in epithelial ovarian cancer: 
A clinicopathological analysis of 238 patients. 
Mol Clin Oncol 2016; 4: 18-22.

[16] Zivanovic O, Sima CS, Iasonos A, Hoskins WJ, 
Pingle PR, Leitao MM, Jr., Sonoda Y, Abu-Rus-
tum NR, Barakat RR and Chi DS. The effect of 
primary cytoreduction on outcomes of patients 
with FIGO stage IIIC ovarian cancer stratified by 
the initial tumor burden in the upper abdomen 
cephalad to the greater omentum. Gynecol On-
col 2010; 116: 351-357.

[17] Rokita M, Stec R, Bodnar L, Charkiewicz R, Ko-
rniluk J, Smoter M, Cichowicz M, Chyczewski L, 
Niklinski J, Kozlowski W and Szczylik C. Overex-
pression of epidermal growth factor receptor 
as a prognostic factor in colorectal cancer on 
the basis of the Allred scoring system. Onco 
Targets Ther 2013; 6: 967-976.

[18] Javadi S, Ganeshan DM, Qayyum A, Iyer RB 
and Bhosale P. Ovarian Cancer, the Revised 
FIGO Staging System, and the Role of Imaging. 
AJR Am J Roentgenol 2016; 206: 1351-60.

[19] Saida T, Tanaka YO, Matsumoto K, Satoh T, Yo-
shikawa H and Minami M. Revised FIGO stag-
ing system for cancer of the ovary, fallopian 
tube, and peritoneum: important implications 

mailto:zhenhes@medisin.uio.no


Cacna2d1 expression in epithelial ovarian cancers

2097 Am J Cancer Res 2016;6(9):2088-2097

for radiologists. Jpn J Radiol 2016; 34: 117-
124.

[20] Sehrawat U, Pokhriyal R, Gupta AK, Hariprasad 
R, Khan MI, Gupta D, Naru J, Singh SB, Mo-
hanty AK, Vanamail P, Kumar L, Kumar S and 
Hariprasad G. Comparative Proteomic Analysis 
of Advanced Ovarian Cancer Tissue to Identify 
Potential Biomarkers of Responders and Non-
responders to First-Line Chemotherapy of Car-
boplatin and Paclitaxel. Biomark Cancer 2016; 
8: 43-56.

[21] Chan JK, Brady MF, Penson RT, Huang H, Birrer 
MJ, Walker JL, DiSilvestro PA, Rubin SC, Martin 
LP, Davidson SA, Huh WK, O’Malley DM, Boen-
te MP, Michael H and Monk BJ. Weekly vs. Ev-
ery-3-Week Paclitaxel and Carboplatin for 
Ovarian Cancer. N Engl J Med 2016; 374: 738-
748.

[22] Vergote I, Armstrong D, Scambia G, Teneriello 
M, Sehouli J, Schweizer C, Weil SC, Bamias A, 
Fujiwara K, Ochiai K, Poole C, Gorbunova V, 
Wang W, O’Shannessy D and Herzog TJ. A Ran-
domized, Double-Blind, Placebo-Controlled, 
Phase III Study to Assess Efficacy and Safety of 
Weekly Farletuzumab in Combination With 
Carboplatin and Taxane in Patients With Ovar-
ian Cancer in First Platinum-Sensitive Relapse. 
J Clin Oncol 2016; 34: 2271-8.

[23] Cioffi M, D’Alterio C, Camerlingo R, Tirino V, 
Consales C, Riccio A, Ieranò C, Cecere SC, Lo- 
sito NS, Greggi S, Pignata S, Pirozzi G, Scala  
S. Identification of a distinct population of 
CD133(+)CXCR4(+) cancer stem cells in ovari-
an cancer. Sci Rep 2015; 5: 10357.

[24] Wang X, Li X, Fu X, Bai M, Li X, Mei Q, Nie J, Wu 
Z and Han W. Eliminating ovarian cancer stem 
cells: a potential therapeutic target for ovarian 
cancer chemoresistance. Curr Protein Pept Sci 
2015; 16: 270-278.

[25] Garson K and Vanderhyden BC. Epithelial ovar-
ian cancer stem cells: underlying complexity of 
a simple paradigm. Reproduction 2015; 149: 
R59-70.

[26] Shen YA, Li WH, Chen PH, He CL, Chang YH 
and Chuang CM. Intraperitoneal delivery of a 
novel liposome-encapsulated paclitaxel redi-
rects metabolic reprogramming and effectively 
inhibits cancer stem cells in Taxol((R))-resis-
tant ovarian cancer. Am J Transl Res 2015; 7: 
841-855.

[27] Cole JM, Joseph S, Sudhahar CG and Cowden 
Dahl KD. Enrichment for chemoresistant ovar-
ian cancer stem cells from human cell lines. J 
Vis Exp 2014; 51891.

[28] Wang Y, Cardenas H, Fang F, Condello S, Tav-
erna P, Segar M, Liu Y, Nephew KP and Matei 
D. Epigenetic targeting of ovarian cancer stem 
cells. Cancer Res 2014; 74: 4922-4936.

[29] Ruan J, Liu X, Xiong X, Zhang C, Li J, Zheng H, 
Huang C, Shi Q and Weng Y. miR107 promotes 
the erythroid differentiation of leukemia cells 
via the downregulation of Cacna2d1. Mol Med 
Rep 2015; 11: 1334-1339.

[30] Han H, Du Y, Zhao W, Li S, Chen D, Zhang J, Liu 
J, Suo Z, Bian X, Xing B and Zhang Z. PBX3 is 
targeted by multiple miRNAs and is essential 
for liver tumour-initiating cells. Nat Commun 
2015; 6: 8271.


