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ABSTRACT
Recent studies have demonstrated an oncogenic role of the transcription factor 

(TF) CP2c in hepatocellular carcinoma (HCC) based on a strong correlation between 
CP2c expression, tumor grade, and aggressiveness. We recently found that CP2c 
directly interacts with another TF, YY1, which is also overexpressed in multiple cancers, 
including HCC. To evaluate if these proteins are co-regulated in carcinogenesis, we 
analyzed the expression of CP2c and YY1 in HCC (n = 136) tissues and examined the 
correlation between their expression and clinicopathological characteristics of HCC. 
Receiver operating characteristic analysis exhibited the validity of CP2c and nuclear 
YY1 expression as a diagnostic factor in HCC tissues. High expression of CP2c was 
significantly correlated with patient age, and higher histological grade, American Joint 
Committee on Cancer (AJCC) stage, and small and large vessel invasion in HCC tissues, 
whereas high expression of nuclear YY1 was significantly associated with higher AJCC 
stage and small vessel invasion. In univariate and multivariate analyses, high expression 
of CP2c was significantly correlated with disease free survival (DFS), indicating that 
CP2c expression is an independent prognostic factor for DFS in HCC patients. Patients 
with high expression of both CP2c and nuclear YY1 usually had a shorter median survival 
time and worse DFS prognosis than other patients, suggesting that combined detection 
of CP2c and nuclear YY1 is a useful prognostic marker in HCC patients.

INTRODUCTION

Transcription factor (TF) CP2c (also known as 
TFCP2, α-CP2, LSF, and LBP-1c) was first identified as 
a transcriptional activator of the α-globin gene in erythroid 
cells [1–2]. There are six CP2 isoforms in humans (LBP-1a,  
-1b, -1c, -1d, -9 and LBP-32) and four in mice (CP2a, 
CP2b, CP2c and CRTR-1) [3–4]. CP2c, a member of the 
CP2 family of proteins, participates in diverse processes 
including hematopoiesis, immune response, cell cycle, 
and neural development by regulating the expression 

of specific target genes [5]. Interactions between CP2c 
and other isoforms of the CP2 family as well as various 
partner proteins, allow for the regulation of specific target 
genes in different cellular environments [6–11]. Recent 
studies have demonstrated that CP2c has an oncogenic 
role in hepatocellular carcinoma (HCC) [12–15]. First, it 
was found to confer 5-FU resistance to HCC cell lines by 
activating the expression of thymidylate synthase (TS) gene 
[16–18]. Second, CP2c was shown to activate osteopontin 
(OPN) and matrix metalloproteinase-9 (MMP-9) expression 
and regulate invasion, metastasis, and angiogenesis of 
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HCC cells [19–20]. It was also shown that CP2c could be 
activated by Notch signaling and promoted HepG2 cell 
proliferation and invasion [12]. Indeed, CP2c expression 
has been shown to be significantly upregulated in HCC, 
cervical cancer, and colorectal carcinoma [12, 21–22]. 

We recently found that CP2c and YY1 interact 
directly with each other, and their expression is 
reciprocally regulated in the spermatogonial stem cells and 
different stages of cells during spermatogenesis [23–24]. 
Like CP2c, YY1 is a ubiquitously expressed TF involved 
in diverse biological processes, such as embryogenesis, 
differentiation, proliferation, and cancer progression  
[25–28]. YY1 is well known for its dual roles in regulating 
gene expression, either as an activator or repressor, 
depending on the chromatin remodeling complexes it is 
recruited to [29]. There is increasing evidence that YY1 is 
important in cancer development. Overexpression of YY1 
has been observed in various cancers, including prostate 
cancer, ovarian cancer, and colon cancer [30–32]. The role 
of YY1 in cancer is due to its ability to modulate many 
genes involved in cancer development and progression, 
such as c-myc, c-fos, ERBB2, CEBPA, and p53 [26, 33–34].  
Recent studies showed that YY1-mediated epigenetic 
silencing of tumor-suppressive microRNAs activated 
hepatocarcinogenesis and melanoma tumorigenesis  
[35–36]. Although the expression and regulatory roles 
of CP2c and YY1 have been reported individually for 
several types of cancer, co-regulation of these proteins in 
carcinogenesis has not been specifically explored as of yet. 

In this study, we analyzed the expression of CP2c 
and YY1 in normal liver, adjacent noncancerous liver, and 
HCC tissues and examined the correlation between their 
expression and clinicopathological characteristics of HCC. 
In addition, the significance of combined detection of 
CP2c and YY1 expression as a prognostic factor of HCC 
outcome was evaluated using various statistical methods 
such as receiver operating curve analysis (ROC), survival 
analysis, and univariate and multivariate analyses. 

RESULTS

Differential expression of CP2 family, CP2c, and 
YY1 proteins in liver tissues 

The expression and cellular distribution of CP2 
family (CP2a, CP2b, and CP2c), CP2c, and YY1 proteins 
in normal human liver (n = 16), adjacent noncancerous 
(n = 48) and HCC (n = 136) tissue samples were analyzed 
by immunohistochemistry (IHC) and quantified by 
TissueFAXS system (TissueGnostics, Vienna, Austria) (see 
Materials and Methods). CP2c was expressed at significantly 
higher levels in HCC tissues than normal liver or adjacent 
noncancerous (ADJ) liver tissues, whereas YY1 was 
expressed at lower levels in HCC compared with normal 
or noncancerous liver tissues (Figure 1A). The expression 
of CP2 family proteins was higher in normal liver than ADJ 

or HCC tissue samples. Similar expression patterns of CP2 
family, CP2c, and YY1 proteins were also observed both in 
western blot and in reverse transcriptase-quantitative PCR 
(RT-qPCR) analyses of the two selected HCC samples in 
the tissue array, along with the matched ADJ noncancerous 
liver tissues derived from the same patients and two non-
matched normal liver samples (Supplementary Figure 1).  
Therefore, these observations suggest that our quantitative 
IHC data are reliable.

CP2 family proteins were mainly localized in the 
cytoplasm and weakly in the nucleus, whereas CP2c and 
YY1 proteins were present in the nucleus (Figure 1A, 
Bottom). However, YY1 expression was also detected, 
albeit at very weak levels, in the cytoplasm of normal 
or ADJ liver tissue samples. To compare the cellular 
distribution of YY1 expression, we also measured the 
immunoreactivity of YY1 in the nucleus and cytoplasm 
by TissueFAXS system. Nuclear YY1 expression was 
significantly higher in HCC samples than in normal or 
ADJ liver tissues (Figure 1B). Furthermore, the extent of 
nuclear YY1 expression was about 10% higher in HCC 
than in normal or ADJ samples (Figure 1C). Expression 
levels and frequencies of expression of CP2 family, CP2c 
and YY1 proteins in individual samples from the normal/
ADJ and the HCC groups are shown in Supplementary 
Figure 2. These data indicate that CP2 family and YY1 
proteins, which are components of a joint TF network, are 
differentially expressed in noncancerous liver and HCC 
tissues, suggesting that they may play a coregulatory role 
in HCC development and/or progression.

Evaluation of CP2 family, CP2c, and YY1 
proteins as diagnostic biomarkers of HCC

To evaluate the diagnostic significance of CP2c and 
YY1, we constructed receiver operating characteristic 
(ROC) curves by plotting sensitivity versus specificity 
(Figure 2). The areas under the ROC curves (AUCs) for 
CP2c and nuclear YY1 expression were 0.791 (P < 0.01) 
and 0.657 (P = 0.040) for discriminating HCC patients and 
normal groups, respectively (Figure 2A). The AUC of CP2 
family, YY1, and cytoplasmic YY1 protein expression 
was not significant (Supplementary Table 1). These data 
indicate that CP2c expression and nuclear YY1 expression 
may be diagnostic markers of HCC. According to Sox et al.  
[37], an AUC equal to or greater than 0.7 indicates the 
acceptance of using a marker in diagnosis. Therefore, we 
focused on CP2c expression and nuclear YY1 expression 
and calculated the optimal cut-off value of CP2c and 
nuclear YY1 expression to evaluate the relationship 
between disease-free survival (DFS) rate and marker 
gene expression in 116 HCC patients (Figure 2B & panel 
B of Supplementary Table 1). ROC exhibited that CP2c 
and nuclear YY1 expression both may have significant 
correlation with regard to DFS (AUC = 0.696 for CP2c, 
AUC = 0.553 for YY1). 
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Relationship between CP2c and nuclear 
YY1 expression and clinicopathological 
characteristics of HCC

To evaluate the correlation of CP2c expression and 
nuclear YY1 expression with tumor biology, 136 HCC 
samples were classified as having low or high  CP2c and 
nuclear YY1 expression based on the optimal cut-off 
points calculated from ROC analysis using Youden index, 
as described previously [38] (Supplementary Table 1). 
The representative images of low or high expression of 
CP2c and nuclear YY1 were shown in Supplementary 
Figure 3. According to this criteria, we analyzed the 
relationship between CP2c and nuclear YY1 expression 
and clinicopathological characteristics (Table 1). Elevated 
expression of CP2c in HCC tissues was significantly 
correlated with age (P = 0.013), higher histological grade 
(P = 0.024), AJCC stage (P = 0.005), and small and large 
vessel invasion (P = 0.009 and P = 0.038, respectively). 
It is noted that CP2c expression was also significantly 
correlated with the individually grouped histological grade 
and AJCC stage (Supplementary Table 2). High expression 

of nuclear YY1 was also associated with higher AJCC 
stage (P = 0.002) and small vessel invasion (P = 0.01) 
(Tables 1 and Supplementary Table 2). However, we did 
not observe any significant relationships between the 
CP2c expression and other clinicopathological variables 
or nuclear YY1 expression and other clinicopathological 
variables (Table 1).

Prognostic significance of CP2c and nuclear YY1 
expression in HCC patients 

To estimate the relationship between CP2c 
expression and patient survival and nuclear YY1 
expression and patient survival, we performed Kaplan-
Meier curve analyses for DFS and overall survival (OS). 
Patients with high expression levels of CP2c or nuclear 
YY1 usually had a shorter median survival time and 
worse DFS prognosis than those with low CP2c or low 
nuclear YY1 expression levels (Figure 3A and 3B). The 
median DFS of patients with high CP2c expression was 
12.1 months (95% CI 7.68 – 16.51), while the median 
DFS of patients with the high expression of nuclear YY1 

Figure 1: Expression of CP2 family, CP2c, and YY1 proteins in liver tissues. (A) Protein expression of CP2 family, CP2c, 
and YY1 proteins was quantitatively analyzed by the TissueFAXS system in normal liver (n = 16), adjacent noncancerous (n = 48), and 
HCC (n = 136) tissues (upper panel). Representative images of immunohistochemical staining (bottom), Scale bar = 50 μm. (B) Expression 
level of YY1 in different cellular compartments was examined using a TissueFAXS scanning and analysis system. (C) The proportion of 
nuclear YY1 expression was significantly higher in HCC samples than normal and adjacent noncancerous tissues. *P < 0.05, **P < 0.01, 
***P < 0.001 (Student’s t-test).
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was 12.76 months (95% CI 5.57 – 19.96), compared to 
the 29.33 months (95% CI 8.37 – 50.29) for all patients. 
However, median OS was not significantly different 
between the two expression groups for either marker 
(Figure 3C and 3D). To further investigate prognostic 
factors for poor HCC outcome, univariate and multivariate 
analyses were performed. In univariate analysis, DFS was 
correlated significantly with histological grade, AJCC 
stage, tumor size, vessel invasion, perineural invasion, 
as well as high expression of CP2c (Table 2). High 
expression of nuclear YY1 was associated with DFS, but 
the association was not statistically significant (P = 0.058). 
Multivariate analysis revealed that large vessel invasion 
and high expression of CP2c were independent prognostic 
factors for DFS in HCC patients.

To investigate the coregulatory role of CP2c and 
YY1 in HCC progression, we compared the combined 
expression pattern of CP2c and nuclear YY1 between 
normal or ADJ liver and HCC tissue samples. Among 
normal or ADJ samples (n = 59), the proportions of 
samples in each of the four possible expression groups 
were as follows: CP2c low/nuclear YY1 low (47.5%), 
CP2c low/nuclear YY1 high (44%), CP2c high/nuclear 
YY1 low (5.1%), and CP2c high/nuclear YY1 high (3.4%). 
For the HCC samples (n = 115), the proportions were 
as follows: CP2c low/nuclear YY1 low (24.3%), CP2c 
low/nuclear YY1 high (2.6%), CP2c high/nuclear YY1 
low (18.3%), and CP2c high/nuclear YY1 high (54.8%) 
expression. These data suggest that high CP2c expression 
is a key diagnostic marker of HCC, and that combined 
detection of CP2c and nuclear YY1 may allow more useful 
diagnosis of HCC patients than either marker alone. We 
next analyzed the DFS rate in 115 HCC patients according 
to combined CP2c and nuclear YY1 expression. When 

the expression of CP2c was high, expression of nuclear 
YY1 was also significantly increased in the HCC patients 
(Figure 4A), whereas survival time decreased (Figure 4B). 
Interestingly, CP2c high/nuclear YY1 low and CP2c high/
nuclear YY1 high expression groups had a similar median 
DFS (12.23 and 12.10 months, respectively); however, 
the 95% CI were significantly different (0.00 – 48.71 vs 
6.37 – 17.83; P = 0.007). These data suggest that high 
expression of CP2c and nuclear YY1 is important for the 
HCC progression and poor outcome of the HCC patients. 

DISCUSSION

In this study, we examined the correlation 
between the expression of CP2c and YY1 and the 
clinicopathological characteristics of HCC to verify the 
relevance of CP2c and YY1 in HCC progression. We 
found that oncogenic CP2c expression by itself is a key 
diagnostic factor for HCC and that combined expression 
of CP2c and nuclear YY expression might be a useful 
prognostic factor for HCC. 

CP2c expression was elevated in HCC tissues 
compared to normal and adjacent tissues, in concordance 
with previous findings [13, 17]. CP2c expression showed 
good discriminatory power with regard to DFS by ROC 
analysis and survival curve (Figures 2 and 3), and high 
expression of CP2c in HCC tissues was significantly 
correlated with higher histological grade, AJCC stage, and 
small and large vessel invasion (Table 1). In univariate 
and multivariate analyses, high expression of CP2c was 
significantly correlated with DFS, indicating that CP2c 
expression is an independent prognostic factor for DFS 
in HCC (Table 2). Our finding that CP2c expression is a 
key diagnostic marker of HCC is consistent with previous 

Figure 2: Receiver operating characteristic (ROC) curves of CP2c and nuclear YY1 expression as diagnostic markers 
for HCC. (A) ROC curves for CP2c and nuclear YY1 expression in normal liver versus HCC tissue samples. (B) ROC curves to determine 
the optimal cut-off values for CP2c and nuclear YY1 expression according to disease free-survival in 116 HCC patients.
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reports [12–13]. In addition, when we analyzed TCGA 
gene set (442 patient samples) in the public database 
(http://www.cbioportal.org), total CP2c gene alteration, 
including mRNA expression, copy number variation 
(CNV), and point mutation, was significantly correlated 
with DFS (P = 0.017). However, when individual CP2c 
gene alterations were analyzed by Kaplan-Meier analysis 
and Cox-regression, only CP2c mRNA upregulation 
showed significant correlation with DFS (P = 0.025 and 
P = 0.028, respectively) (data not shown). 

Although YY1 was proposed to promote 
hepatocellular carcinogenesis and inhibit cellular 
differentiation in HCC cell lines [34], and a significant 
increase in the nuclear YY1 protein expression was 
reported in HCC patients [39], nuclear YY1 expression 
has not previously been examined as a potential diagnostic 
factor for HCC. We found that the expression of nuclear 
YY1 was significantly higher in HCC samples than in 
normal or ADJ liver tissues (Figure 1). Indeed, ROC 
curve of the nuclear YY1 expression shows possibility as 

Table 1: Correlation of CP2c expression, nuclear YY1 expression, and clinicopathological 
characteristics in HCC

Characteristics
CP2c P value

(x2 test)
YY1 nucleus P value

(x2 test)Low High Low High
Age 0.013 0.515

< 57 14 (20.0%) 56 (80.0%) 29 (41.4%) 41 (58.6%)
≥ 57 26 (39.4%) 40 (60.6%) 31 (47.0%) 35 (53.0%)

Gender 0.059 0.822
Female 14 (42.4%) 19 (57.6%) 14 (42.4%) 19 (57.6%)
Male 26 (25.2%) 77 (74.8%) 46 (44.7%) 57 (55.3%)

HBsAg status 0.134 0.553
Negative 13 (39.4%) 20 (60.6%) 16 (48.5%) 17 (51.5%)
Positive 26 (25.7%) 75 (74.3%) 43 (42.6%) 58 (57.4%)

Histological grade 0.024 0.234
G1 & G2 23 (39.7%) 35 (60.3%) 29 (50.0%) 29 (50.0%)
G3 & G4 17 (21.8%) 61 (78.2%) 31 (39.7%) 47 (60.3%)

AJCC stage 0.005 0.002
I 28 (40.0%) 42 (60.0%) 40 (57.1%) 30 (42.9%)
II ~ IV 12 (18.2%) 54 (81.8%) 20 (30.3%) 46 (69.7%)

Tumor size 0.600 0.373
< 5 cm 27 (27.8%) 70 (72.2%) 45 (46.4%) 52 (53.6%)
≥ 5 cm 12 (32.4%) 25 (67.6%) 14 (37.8%) 23 (62.2%)

Small vessel invasion 0.009 0.010
Absent 30 (38.5%) 48 (61.5%) 42 (53.8%) 36 (46.2%)
Present 10 (17.5%) 47 (82.5%) 18 (31.6%) 39 (68.4%)

Large vessel invasion 0.038* 0.258
Absent 39 (32.8%) 80 (67.2%) 55 (46.2%) 64 (53.8%)
Present 1 (6.2%) 15 (93.8%) 5 (31.2%) 11 (68.8%)

Perineural invasion 1.000* 0.629*
Absent 39 (29.8%) 92 (70.2%) 59 (45.0%) 72 (55.0%)
Present 1 (25.0%) 3 (75.0%) 1 (25.0%) 3 (75.0%)

Focality 0.158 0.306
Single 36 (32.1%) 76 (67.9%) 52 (46.4%) 60 (53.6%)
Multiple 4 (17.4%) 19 (82.6%) 8 (34.8%) 15 (65.2%)

P value < 0.05 marked in bold font shows statistical significance.
*Fisher’s exact test



Oncotarget24394www.impactjournals.com/oncotarget

a diagnostic factor of HCC (AUC = 0.657) (Figure 2A and 
Supplementary Table 1), even though an AUC equal to or 
greater than 0.7 is used as an indicator of the acceptance 
of using a marker in diagnosis [37]. High nuclear YY1 
expression showed significant association with higher 
AJCC stage and small vessel invasion (Table 1), a shorter 
median survival time and worse DFS prognosis (Figure 3). 
However, nuclear YY1 by itself was not strong enough to 
be used as a prognostic factor for DFS in HCC patients 
in either univariate or multivariate analyses (Table 2). 
In contrast, the combined high expression levels of both 
CP2c and nuclear YY1 might be a prognostic factor for 
the HCC patients, In fact, survival time was significantly 
lower in the HCC patients with high expression levels 
of both CP2c and nuclear YY1 (Figure 4) relative to the 

other expression groups. In addition, upregulation of the 
CP2 expression was associated with high expression of 
nuclear YY1 (Figure 4A). Therefore, our data indicate 
that nuclear YY1 expression level is positively correlated 
with the CP2c expression and HCC progression, although 
nuclear YY1 by itself is not a prognostic factor in HCC. 
However, it is noted that the minor difference in the levels 
of nuclear YY1 expression between ADJ and HCC should 
be confirmed in subsequent studies by other methods, 
although our quantification of IHC images by Tissue 
FAXS system is quite reliable.

We noted that HCC patients with low CP2c 
expression and high levels of nuclear YY1 expression 
levels showed a good prognosis, whereas those with high 
CP2c expression had a bad prognosis regardless of the 

Figure 3: Kaplan-Meier survival curves showing the correlation between marker expression and disease-free survival 
(DFS) or overall survival (OS). (A and B) Kaplan-Meier curves for disease-free survival of HCC patient according to CP2c (A) or 
nuclear YY1 (B) expression. (C and D) Kaplan-Meier curves for overall survival of HCC patient according to CP2c (C) or nuclear YY1 
(D) expression.
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nuclear YY1 expression level (Figure 4), suggesting that 
CP2c is a driver of the HCC progression. Importantly, in 
patients with high CP2c expression, high nuclear YY1 
expression was more significant than low nuclear YY1 
expression in 95% confidence interval (Figure 4). Thus, 
our data suggest that the combination of high CP2c and 
nuclear YY1 expression is a useful prognostic marker 

of HCC. Meanwhile, it is noteworthy that the elevated 
expression of both of these factors in malignant HCCs 
is not consistent with our recent finding that CP2c and 
YY1 interact directly with each other and show functional 
cross-antagonism by mutual suppression of each other’s 
activities [23, Kim et al., unpublished data]. Here, 
YY1 suppresses CP2c transcriptional activity by direct 

Figure 4: Prognostic significance of combined detection of high CP2c and nuclear YY1 expression in HCC patients. 
(A) Association between CP2c and nuclear YY1 expression in HCC. (B) Kaplan-Meier curves for disease-free survival of HCC patients 
according to the combination of CP2c and nuclear YY1 expression.

Table 2: Univariate and multivariate cox regression analysis of prognostic factors for DFS in 
HCC

Variables
Univariate analysis

P value
Multivariate analysis

P value
HR 95% CI HR 95% CI

Age 0.79 0.48–1.29 0.340 1.37 0.75–2.51 0.312

Gender 0.51 0.26–1.01 0.052 0.72 0.34–1.51 0.380

HBsAg status 1.07 0.60–1.92 0.811 1.06 0.52–2.17 0.871

Histological grade 1.72 1.02–2.87 0.037 1.27 0.71–2.30 0.419

AJCC stage 3.72 2.21–6.30 < 0.01 1.78 0.63–4.99 0.276
Tumor size 1.89 1.10–3.24 0.021 1.80 0.99–3.27 0.056

Small vessel invasion 3.93 2.36–6.57 < 0.01 1.66 0.61–4.53 0.322

Large vessel invasion 6.72 3.34–13.53 < 0.01 3.05 1.35–6.89 0.007

Perineural invasion 3.30 1.01–10.80 0.048 1.25 0.31–5.03 0.753

Focality 1.69 0.93–3.07 0.085
CP2c 3.53 1.60–7.76 0.002 3.24 1.26–8.33 0.015

YY1 nucleus 1.62 0.97–2.70 0.058 0.94 0.51–1.72 0.832
P value < 0.05 marked in bold font shows statistical significance.
HR, hazard ratio; CI, confidence interval. Abbreviations: HR, hazard ratio; CI, confidence interval.
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interaction with the DNA-bound CP2c, whereas CP2c 
indirectly suppresses YY1 transcriptional activity by 
promoting the degradation of the nuclear YY1 protein in 
a non-DNA bound state via the 20S proteasome pathway. 
This may be because the CP2c-YY1 crosstalk machinery 
is deregulated during the HCC progression. Obviously, 
further research is required to evaluate this hypothesis. 

Because YY1 is overexpressed in many cancers, 
YY1 is considered to be a potential novel prognostic 
marker and therapeutic target [40–42]. However, as data 
on its prognostic significance has become available for 
more human cancers, YY1’s role in tumor progression has 
become more controversial [32]. Why YY1’s correlation 
with clinical outcomes is inconsistent among different 
cancers is unknown. One plausible reason is that YY1 
regulates both cell proliferation and apoptosis, and in any 
given tumor, it may regulate one process more than the 
other by preferential interaction with available proteins 
depending on cellular contexts. For example, YY1 
suppresses cell invasion and metastasis by downregulating 
MMP10 expression [43] and increases apoptosis through 
BAX activation in pancreatic cancer cells, suggesting that 
YY1 functions as a tumor suppressor [44]. YY1 is also 
known to antagonize p53 through distinct mechanisms 
[45–46], and its inhibition may restore p53 anti-tumor 
activity. However, the mechanisms underlying YY1 
expression in these various cancers are unclear.

Another important question is related to the 
molecular basis of the exceptional polyfunctionality 
of YY1 and CP2c proteins. In fact, it was already 
emphasized that CP2c is involved in regulation of several 
important processes, such as cell cycle, hematopoiesis, 
immune response, and neural development by controlling 
expression of corresponding genes [5]. Furthermore, the 
ability of CP2c to be engaged in physical interaction 
with various partner proteins further increases functional 
complexity of this protein [6–11]. Similarly, YY1 has 
multiple critical roles in various biological processes, 
ranging from cell proliferation to cell differentiation, and 
from cancer progression to embryogenesis [25–28]. It is 
likely that the highly disordered nature of these two TFs 
hold an answer to the question on their polyfunctionality. 
In fact, earlier studies revealed that eukaryotic TFs 
typically do not have unique 3D structures, being 
characterized by high levels of intrinsic disorder [47–49].  
Furthermore, polyfunctionality and high binding 
promiscuity are considered as characteristic features 
of many intrinsically disordered proteins [50–52]. In 
agreement with these earlier observations, Figure 5 
shows that both YY1 and CP2c are predicted to be highly 
disordered and are characterized by very well developed 
interaction networks. In fact, according to the D2P2 
analysis (http://d2p2.pro/) [53] (Figure 5A and 5B), 
very significant parts of YY1 and CP2c are expected to 
be disordered. Furthermore, disordered regions of both 
proteins are heavily decorated with multiple sites of 

various posttranslational modifications and are expected 
to have several disorder-based binding sites, molecular 
recognition features (or MoRFs), supporting the ability 
of these proteins to be involved in highly regulated and 
promiscuous interactions. Both high interactability of YY1 
and CP2c and their ability to interact with each other is 
supported by the results of the BioGRID analysis (which 
is a public database, the biological general repository 
for interaction datasets that represents information on 
the published protein interactions) [54] (see Figure 5C 
and 5D). According to this analysis, human YY1 and CP2c 
are located at the center of well-elaborated interaction 
networks (see Figure 5C and 5D) that include 505 
interactions between 129 different interactors and 109 
interactions between 88 different interactors for YY1 and 
CP2c, respectively.

In conclusion, our data suggest that CP2c expression 
correlates with HCC initiation and progression, and that 
combined detection of high nuclear YY1 and high CP2c 
expression shows a poor outcome in the HCC patients. 
Thus, oncogenic CP2c expression by itself might be a key 
diagnostic factor for HCC, while combined CP2c and nuclear 
YY1 expression may be a useful prognostic factor for HCC.

MATERIALS AND METHODS

Patients and specimens 

Paraffin-embedded tumor tissues were obtained 
from 136 primary hepatocellular carcinoma patients who 
underwent surgical resection between 2002 and 2013 at 
Hanyang University Hospital, Seoul, Korea. All study 
participants or their legal guardians provided informed 
written consent prior to study enrollment. Hematoxylin-
eosin (H&E) slides, pathology reports, and other medical 
records were collected and reviewed to confirm the 
diagnoses as well as to obtain clinicopathological data 
about the tumors, such as age, gender, HBs Ag status, 
histological grade, AJCC stage, primary tumor size, small 
or large vessel invasion, perineural invasion, multi-focality, 
and clinical outcome. Clinicopathological characteristics 
are summarized in Supplementary Table 3. Median follow-
up period was 27 months (range: 1–120 months) for DFS 
and 40 months (range: 1–120 months) for OS. Forty-eight 
adjacent liver tissue samples were obtained from the above-
mentioned group. Sixteen normal liver tissue samples 
were also obtained from patients who underwent surgical 
resection for blunt trauma or benign neoplasm. This study 
was approved by the Institutional Review Board of Hanyang 
University Hospital (IRB file No. 2015-12-020-001).

Construction of a tissue microarray 

H&E stained slides made from the paraffin-
embedded blocks were used to define the most 
morphologically representative, well fixed, and non-
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necrotic areas. Single tissue cores (2.0 mm in diameter) 
were punched from each paraffin block and assembled into 
a recipient paraffin block using a tissue microarray (TMA) 
instrument (AccuMax Array, ISU ABXIS, Seoul, Korea). 
TMA blocks contained 16 normal liver tissue samples, 48 
non-neoplastic adjacent liver tissue samples, and 136 HCC 
tissue samples.

Immunohistochemistry and evaluation of 
immunoreactivity value

Expression of CP2 family proteins as a whole, 
CP2c in particular, and YY1 was analyzed by IHC 
staining of TMA slides. Tissue sections (4-µm thick) 
were deparaffinized with xylene and then rehydrated 
with an ethyl alcohol series. Antigen retrieval was 
performed by autoclaving the samples for 30 min in 
10 mM sodium citrate buffer (pH 6.0). Endogenous 
peroxidase activity was blocked by incubating sections 

with 3% hydrogen peroxidase solution for 15 min. 
Sections were incubated with rabbit polyclonal anti-CP2 
family antibody (homemade Ab that could react with all 
CP2 isoforms, Cosmogentec), mouse polyclonal anti-
CP2c antibody (610818, BD Biosciences), and rabbit 
monoclonal YY1 antibody (ab-109237, Abcam) at 4°C 
overnight. Primary antibodies were diluted 1:200 using 
Dako antibody diluent solution (S0809, Dako). After 
two washes in Tris buffer (pH 7.4), sections were serially 
incubated with post Primary and Novolink Polymer 
(RE7150-K, Novolink Polymer Detection System, 
Leica) for 30 min. Immunoreactivity was visualized by 
adding diaminobenzidine (DAB) substrate for 3 min 
followed by counterstaining of nuclei with Mayer’s 
hematoxylin. Whole slides were scanned, and the images 
were acquired at both DAB and hematoxylin channels 
using the TissueFAXS system (TissueGnostics GmbH). 
Hematoxylin staining was used as a master marker for cell 
identification on the basis of nuclear detection, and the 

Figure 5: Functional disorder in YY1 and CP2c. (A and B) Evaluation of the functional intrinsic disorder propensity of human 
YY1 (UniProt ID: P25490, plot A) and CP2c (UniProt ID: Q12800, plot B) analyzed by the D2P2 database (http://d2p2.pro/) [53]. Top nine 
colored bars represent location of disordered regions predicted by different disorder predictors (Espritz-D, Espritz-N, Espritz-X, IUPred-L, 
IUPred-S, PV2, PrDOS, PONDR® VSL2b, and PONDR® VLXT, see keys for the corresponding color codes). Green-and-white bar in the 
middle of the plot shows the predicted disorder agreement between these nine predictors, with green parts corresponding to disordered 
regions by consensus. Yellow bar shows the location of the predicted disorder-based binding site (MoRF region), whereas differently 
colored circles at the bottom of the plots show locations of various posttranslational modifications. (C and D) Analysis of the interactivity of 
human YY1 (plot C) and CP2c (plot D) using the BioGRID database containing information on published protein interactions [54]. Yellow 
nodes denote interactors in different organism, whereas blue nodes indicate interactors in same organism.
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average nuclear size, discrimination area, discrimination 
gray and background threshold for the master marker 
was specified using the HistoQuest software. The range 
of intensities of the master marker (hematoxylin) and the 
immunohistochemical stainings (i.e. DAB signals) were 
set by autodetection of the software. Regions of interest 
(ROIs) were defined as indicated, which were analyzed 
and quantified separately from the surrounding stromal 
areas. The general setups were done on a representative 
image. All images were analyzed with the same RGB (red, 
green, blue) color settings after adjustments (Hematoxylin; 
[94, 102, 145] and DAB: [126, 64, 64]). More than 45,000 
ROIs were included in the analysis of each group of 
samples. The results are visualized in dot plot scattergrams 
and/or histograms. Cut-offs (to differentiate between 
positive and negative cells) and gates (to accentuate 
between cell populations) were set in the dot blots. 
Separation and counting in the cytoplasm and nucleus 
were performed according to the mean of the maximum 
and minimum values of hematoxylin master marker. 

Evaluation of the intrinsic disorder propensities 
of human YY1 and CP2c

Functional intrinsic disorder propensities of human 
YY1 (UniProt ID: P25490) and human CP2c (UniProt 
ID: Q12800) were analyzed by the computational 
platform D2P2 (http://d2p2.pro/) [53], which, in addition 
to showing disorder predisposition in a query protein 
by a set of established disorder predictors, such as 
PONDR® VLXT, IUPred, PONDR® VSL2B, PrDOS, 
ESpritz, and PV2, represents the location of functional 
domains, disorder-based binding sites and known sites of 
posttranslational modifications (PTMs).

Analysis of the interactability of human YY1 
and CP2c

Known information on the interactability of human 
YY1 and CP2c proteins was retrieved using the biological 
general repository for interaction datasets (BioGRID) that 
represents information on published protein interactions [54].

Statistical analysis 

Statistical analyses were performed using SPSS 
software 21.0 (SPSS). To determine optimal cut-off values 
for the expression of each protein, ROC curves were 
generated (sensitivity versus 1-specificity). AUC was 
calculated for each protein as well. Chi square test, Fisher’s 
exact test, or linear by linear association test was applied 
to examine the associations between gene expression and 
clinicopathological characteristics. Kaplan-Meier analysis 
and log-rank test were used to calculate overall and disease-
free survival curves. Multivariate Cox regression analyses 
were performed to evaluate independent prognostic factors 

for disease-free survival. For all tests, a P value less than 
0.05 was considered statistically significant. 

Authors’ contributions

Kim JS, Chae JH, Uversky VN, and Kim CG 
designed the research; Kim JS, Son SH, Kim MY, Uversky 
VN, and Chae JH performed the research; Choi DH, Jang 
IS and Paik SS contributed new reagents/analytical tools; 
Kim JS, Son SH, Chae JH, Kim MY, Uversky VN, and 
Kim CG analyzed the data; Son SH, Kim MY, Chae JH, 
Uversky VN, and Kim CG wrote the paper; all authors 
have read and approved the final version of this paper.

ACKNOWLEDGMENTS AND FUNDING

We would like to thank to Dae Hyun Ha for 
his invaluable experimental assistance in statistical 
data analyses. This work was supported by the Basic 
Science Research Program (No. 2010-00252250 and No. 
2014R1A2A1A11054432), National Research Foundation 
(NRF), Ministry of Education, Science and Technology 
(MEST), Republic of Korea.

CONFLICTS OF INTEREST

No conflicting interests.

REFERENCES

 1. Barnhart KM, Kim CG, Banerji SS, Sheffery M. 
Identification and characterization of multiple erythroid cell 
proteins that interact with the promoter of the murine alpha-
globin gene. Mol Cell Biol. 1988; 8:3215–3226.

 2. Kim CG, Barnhart KM, Sheffery M. Purification of multiple 
erythroid cell proteins that bind the promoter of the α-globin 
gene. Mol Cell Biol. 1988; 8:4270–4281.

 3. Kang HC, Chae JH, Lee YH, Park MA, Shin JH, Kim SH, 
Ye SK, Cho YS, Fiering S, Kim CG. Erythroid cell-specific 
α-globin gene regulation by the CP2 transcription factor 
family. Mol Cell Biol. 2005; 25:6005–6020.

 4. Yoon JB, Gen LI, Robert GR. Characterization of a family 
of related cellular transcription factors which can modulate 
human immunodeficiency virus type 1 transcription in vitro. 
Mol Cell Biol. 1994; 14:1776–1785.

 5. Veljkovic J, Hansen U. Lineage-specific and ubiquitous 
biological roles of the mammalian transcription factor LSF. 
Gene. 2004; 343:23–40.

 6. Bosè F, Fugazza C, Casalgrandi M, Capelli A, 
Cunningham JM, Zhao Q, Jane SM, Ottolenghi S, Ronchi A. 
Functional interaction of CP2 with GATA-1 in the regulation 
of erythroid promoters. Mol Cell Biol. 2006; 26:3942–3954.

 7. Chae JH, Kang HC, Kim CG. The relative cellular levels 
of CP2a and CP2b potentiates erythroid cell-specific 
expression of the alpha-globin gene by regulating the 



Oncotarget24399www.impactjournals.com/oncotarget

nuclear localization of CP2c. Biochem Biophys Res 
Commun. 2009; 380:813–817.

 8. Kang HC, Chae JH, Jeon J, Kim W, Ha DH, Shin JH, Kim CG, 
Kim CG. PIAS1 regulates CP2c localization and active 
promoter complex formation in erythroid cell-specific alpha-
globin expression. Nucleic Acids Res. 2010; 38:5456–5471.

 9. Lee SJ, Choi D, Rhim H, Choo HJ, Ko YG, Kim CG, Kang S. 
PHB2 interacts with RNF2 and represses CP2c-stimulated 
transcription. Mol Cell Biochem. 2008; 319:69–77.

10. Zhou W, Zhao Q, Sutton R, Cumming H, Wang X, 
Cerruti L, Hall M, Wu R, Cunningham JM, Jane SM. The 
role of p22 NF-E4 in human globin gene switching. J Biol 
Chem. 2004; 279:26227–26232.

11. Xu Y, Kim HS, Joo Y, Choi Y, Chang KA, Park CH, 
Shin KY, Kim S, Cheon YH, Baik TK, Kim JH, Suh YH. 
Intracellular domains of amyloid precursor-like protein 2 
interact with CP2 transcription factor in the nucleus and 
induce glycogen synthase kinase-3beta expression. Cell 
Death Differ. 2007; 14:79–91.

12. Fan RH, Li J, Wu N, Chen PS. Late SV40 factor: a key 
mediator of notch signaling in human hepatocarcinogenesis. 
World J castroenterol. 2011; 17:3420–3430.

13. Yoo BK, Emdad L, Gredler R, Fuller C, Dumur CI, 
Jones KH, Jackson-Cook C, Su ZZ, Chen D, Saxena UH, 
Hansen U, Fisher PB, Sarkar D. Transcription factor 
Late SV40 Factor (LSF) functions as an oncogene in 
hepatocellular carcinoma. Proc Natl Acad Sci USA. 2010; 
107:8357–8362.

14. Shlomai A. Targeting late SV40 factor: is the Achilles heel 
of hepatocarcinogenesis revealed? World J Gastroenterol. 
2012; 18:6709–6711.

15. Santhekadur PK, Rajasekaran D, Siddiq A, Gredler R, 
Chen D, Schaus SE, Hansen U, Fisher PB, Sarkar D. The 
transcription factor LSF: a novel oncogene for hepatocellular 
carcinoma. Am J Cancer Res. 2012; 2:269–285.

16. Powell CM, Rudge TL, Zhu Q, Johnson LF, Hansen U. 
Inhibition of the mammalian transcription factor LSF induces 
S-phase-dependent apoptosis by downregulating thymidylate 
synthase expression. EMBO J. 2000; 19:4665–4675.

17. Yoo BK, Gredler R, Vozhilla N, Su ZZ, Chen D, Forcier T, 
Shah K, Saxena U, Hansen U, Fisher PB, Sarkar D. 
Identification of genes conferring resistance to 5-fluorouracil. 
Proc Natl Acad Sci USA. 2009; 106:12938–12943.

18. Gu YJ, Li HD, Zhao L, Zhao S, He WB, Rui L, Su C, 
Zheng HC, Su RJ. GRP78 confers the resistance to 5-FU 
by activating the c-Src/LSF/TS axis in hepatocellular 
carcinoma. Oncotarget. 2015; 6:33658–33674. doi: 10.18632/
oncotarget.5603.

19. Yoo BK, Gredler R, Chen D, Santhekadur PK, Fisher PB, 
Sarkar D. c-Met activation through a novel pathway 
involving osteopontin mediates oncogenesis by the 
transcription factor LSF. J Hepatol. 2011; 55:1317–1324.

20. Santhekadur PK, Gredler R, Chen D, Siddig A, Shen XN, 
Das SK, Emdad L, Fisher PB, Sarkar D. Late SV40 factor 

(LSF) enhances angiogenesis by transcriptionally up-
regulating matrix metalloproteinase-9 (MMP-9). J Biol 
Chem. 2012; 287:3425–3432.

21. Jiang H, Du J, Jin J, Qi X, Pu Y, Fei B. LSF expression and 
its prognostic implication in colorectal cancer. Int J Clin 
Exp Pathol. 2014; 7:6024–6031.

22. Broniarczyk JK, Warowicka A, Kwaśniewska A, Wohuń-
Cholewa M, Kwaśniewski W, Goździcka-Józefiak A. 
Expression of TSG101 protein and LSF transcription factor 
in HPV-positive cervical cancer cells. Oncol Lett. 2014; 
7:1409–1413.

23. Kang HC, Chung BM, Chae JH, Yang SI, Kim CG, 
Kim CG. Identification and characterization of four 
novel peptide motifs that recognize distinct regions of the 
transcription factor CP2. FEBS J. 2005; 272:1265–1277. 

24. Kim JS, Chae JH, Cheon YP, Kim CG. Reciprocal 
localization of transcription factors YY1 and CP2c in 
spermatogonial stem cells and their putative roles during 
spermatogenesis. Acta Histochem. 2016; 118:685–692.

25. Thomas MJ, Seto E. Unlocking the mechanisms of 
transcription factor YY1: are chromatin modifying enzymes 
the key? Gene. 1999; 236:197–208.

26. Gordon S, Akopyan G, Garban H, Bonavida B. 
Transcription factor YY1: structure, function, and 
therapeutic implications in cancer biology. Oncogene. 2006; 
25:1125–1142.

27. Beketaev I, Zhang Y, Kim EY, Yu W, Qian L, Wang J. 
Critical role of YY1 in cardiac morphogenesis. Dev Dyn. 
2015; 244:669–680.

28. Shi J, Hao A, Zhang Q, Sui G. The role of YY1 in 
oncogenesis and its potential as a drug target in cancer 
therapies. Curr Cancer Drug Targets. 2015; 15:145–157.

29. Atchison ML. Function of YY1 in long-distance DNA 
interactions. Front Immunol. 2014; 5:1–11.

30. Zaravinos A, Spandidos DA. Yin yang 1 expression in 
human tumors. Cell Cycle. 2010; 9:512–522.

31. Kashyap V, Bonavida B. Role of YY1 in the pathogenesis 
of prostate cancer and correlation with bioinformatic data 
sets of gene expression. Genes Cancer. 2014; 5:71–83. doi: 
10.18632/genesandcancer.12

32. Bonavida B, Kaufhold S. Prognostic significance of YY1 
protein expression and mRNA levels by bioinformatics 
analysis in human cancers: a therapeutic target. Pharmacol 
Ther. 2015; 150:149–168.

33. Zhang Q, Stovall DB, Inoue K, Sui G. The oncogenic role 
of Yin Yang 1. Crit Rev Oncog. 2011; 16:163–197.

34. Zhang S, Jiang T, Feng L, Sun J, Lu H, Wang Q, Pan M, 
Huang D, Wang X, Wang L, Jin H. Yin Yang-1 suppresses 
differentiation of hepatocellular carcinoma cells through the 
downregulation of CCAAT/enhancer-binding protein alpha. 
J Mol Med (Berl). 2012; 90:1069–1077.

35. Tsang DP, Wu WK, Kang W, Lee YY, Wu F, Yu Z, Xiong L, 
Chan AW, Tong JH, Yang W, Li MS, Lau SS, Li X, et al. 



Oncotarget24400www.impactjournals.com/oncotarget

Yin Yang 1-mediated epigenetic silencing of tumour-
suppressive microRNAs activates nuclear factor-κB in 
hepatocellular carcinoma. J Pathol. 2016; 238:651–664.

36. Zhao G, Li Q, Wang A, Jiao J. YY1 regulates melanoma 
tumorigenesis through a miR-9 ~ RYBP axis. J Exp Clin 
Cancer Res. 2015; 34:66–76. 

37. Sox HC, Blatt MA, Higgins MC, Marton K. Medical 
decision making. London, Butterworth. 1989; 67–146.

38. Hajian-Tilaki K. Receiver Operating Characteristic (ROC) 
Curve Analysis for Medical Diagnostic Test Evaluation. 
Caspian J Intern Med. 2013; 4:627–635.

39. Notarbartolo M, Giannitrapani L, Vivona N, Poma P, 
Labbozzetta M, Florena AM, Porcasi R, Muggeo VM, 
Sandonato L, Cervello M, Montalto G, D'Alessandro N. 
Frequent alteration of the Yin Yang 1/Raf-1 kinase 
inhibitory protein ratio in hepatocellular carcinoma. 
OMICS. 2011; 15:267–272. 

40. Seligson D, Horvath S, Huerta-Yepez S, Hanna S, 
Garban H, Roberts A, Shi T, Liu X, Goodglick L, 
Bonavida B. Expression of transcription factor Yin Yang 1 
in prostate cancer. Int J Oncol. 2005; 27:131–141. 

41. Allouche A, Nolens G, Tancredi A, Delacroix L, Mardaga J, 
Fridman V, Vinkler R, Boniver J, Delvenne P, Begon DY. 
The combined immunodetection of AP-2alpha and YY1 
transcription factors is associated with ERBB2 gene 
overexpression in primary breast tumors. Breast Cancer 
Res. 2008; 10:R9.

42. Huerta-Yepez S, Liu H, Baritaki S, Del Lourdes Cebrera-
Muñoz M, Rivera-Pazos C, Maldonado-Valenzuela A, 
Valencia-Hipolito A, Vega MI, Chen H, Berenson JR, 
Bonavida B. Overexpression of Yin Yang 1 in bone 
marrow-derived human multiple myeloma and its clinical 
significance. Int J Oncol. 2014; 45:1184–1192.

43. Zhang JJ, Zhu Y, Xie KL, Peng YP, Tao JQ, Tang J, Li Z, 
Xu ZK, Dai CC, Qian ZY, Jiang KR, Wu JL, Gao WT, et al. 
Yin Yang-1 suppresses invasion and metastasis of pancreatic 
ductal adenocarcinoma by downregulating MMP10 in a 
MUC4/ErbB2/p38/MEF2C-dependent mechanism. Mol 
Cancer. 2014; 13:130.

44. Zhang JJ, Zhu Y, Yang C, Liu X, Peng YP, Jiang KR, 
Miao Y, Xu ZK. Ying Yang-1 increases apoptosis through 
Bax activation in pancreatic cancer cells. Oncotarget. 2016; 
7:28498–28509. doi: 10.18632/oncotarget.8654.

45. Sui G, Affar el B, Shi Y, Brignone C, Wall NR, Yin P, 
Donohoe M, Luke MP, Calvo D, Grossman SR, Shi Y. Yin 
Yang 1 is a negative regulator of p53. Cell. 2004; 117:859–872.

46. Sui G. The regulation of YY1 in tumorigenesis and its 
targeting potential in cancer therapy. Mol Cell Pharmacol. 
2009; 1:157–176.

47. Liu J, Perumal NB, Oldfield CJ, Su EW, Uversky VN, 
Dunker AK. Intrinsic disorder in transcription factors. 
Biochemistry. 2006; 45:6773–6888.

48. Minezaki Y, Homma K, Kinjo AR, Nishikawa K. Human 
transcription factors contain a high fraction of intrinsically 
disordered regions essential for transcriptional regulation. J 
Mol Biol. 2006; 359:1137–1149.

49. Fuxreiter M, Tompa P, Simon I, Uversky VN, Hansen JC, 
Asturias FJ. Malleable machines take shape in transcription 
regulation. Nature Chemical Biology. 2008; 4:728–737.

50. Tompa P. Intrinsically disordered proteins: a 10-year recap. 
Trends Biochem Sci. 2012; 37:509–516.

51. van der Lee R, Buljan M, Lang B, Weatheritt RJ, 
Daughdrill GW, Dunker AK, Fuxreiter M, Gough J, 
Gsponer J, Jones DT, Kim PM, Kriwacki RW, Oldfield CJ, 
et al. Classification of intrinsically disordered regions and 
proteins. Chemical Rev. 2014; 114:6589–6631.

52. Wright PE, Dyson HJ. Intrinsically disordered proteins in 
cellular signalling and regulation. Nat Rev Mol Cell Biol. 
2015; 16:18–29.

53. Oates ME, Romero P, Ishida T, Ghalwash M, Mizianty MJ, 
Xue B, Dosztanyi Z, Uversky VN, Obradovic Z, Kurgan L, 
Dunker AK, Gough J. D(2)P(2): database of disordered 
protein predictions. Nucleic Acids Res. 2013; 41:D508–D516.

54. Chatr-Aryamontri A, Oughtred R, Boucher L, Rust J, 
Chang C, Kolas NK, O'Donnell L, Oster S, Theesfeld C, 
Sellam A, Stark C, Breitkreutz BJ, Dolinski K, et al. The 
BioGRID interaction database: 2017 update. Nucleic Acids 
Res. 2017; 45:D369–D379.


