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Abstract High expression of cell division cycle 20 homolog
(CDC20), a key component of the spindle assembly check-
point (SAC), has been reported in various malignancies and
plays a vital role in tumorigenesis and progression. The goal
of this study was to evaluate the utility of CDC20 immuno-
staining in a wide range of malignant tumors. CDC20 immu-
nohistochemistry was evaluated in normal tissues and com-
pared to the most frequently occurring malignant tumors in
these tissues (bladder, breast, cervical, colonic, endometrial,
gastric, head and neck, liver, lung, ovarian, pancreatic, pros-
tatic, renal, thyroid carcinomas, and testicular seminoma).
Normal/non-neoplastic tissues showed positive CDC20 ex-
pression in 19.44 % of all examined cases. CDC20 staining

was negative in normal and non-neoplastic tissues from the
bladder, cervix, liver, stomach, and thyroid. From the all
malignant tumors examined 55.7 % showed high CDC20
expression while low expression was found in 44.3 %. High
expression of CDC20 was associated with high tumor
grade in the bladder (p=0.027), cervical (p=0.032), colonic
(p=0.026), endometrial (p=0.016), gastric (p=0.033), liver
(p=0.028), ovarian (p=0.044), prostatic (p=0.040), and renal
(p=0.048) carcinomas. There was a significant correlation
between high CDC20 expression and advanced tumor stage
in carcinoma of the breast, colon, endometrium, and prostate
(p=0.021, p=0.040, p=0.047, p=0.031, respectively). CDC20
expression may be useful as a biomarker of tumor prognosis
and as a therapeutic target of human cancer.
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Introduction

Carcinogenesis is a multistep process with several steps of
which genetic instability, especially chromosomal instability
(CIN), plays an essential role [1, 2].

It has been evidenced that CIN often leads to a cellular
phenotype with aberrant chromosome number (aneuploidy),
which is a hallmark of cancer [3, 4].

An increasing aneuploidy is the mean event of disturbance
in the spindle assembly checkpoint (SAC) which is a surveil-
lance mechanism that plays a crucial role in chromosomal
segregation during mitosis [5, 6].

The mitotic metaphase-to-anaphase checkpoint is activated
when a mis-segregation of the sister chromatid has occurred.
This activation temporarily arrests the cell cycle until all of the
kinetochores are attached to the bipolar spindle and equal
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allocation of chromosomes is ascertained thus accurate partic-
ipation of chromosomes from each mother cell to its two
daughter cells is achieved during mitosis [7, 8].

The function of mitotic spindle assembly checkpoint
is controlled by several genes including BUB1, BUBR1,
BUB3, MAD1, MAD2, MAD3, and cell division cycle
20 homolog (CDC20) [7, 9]. Although the exact mech-
anism of how these genes work is not fully recognized,
it is generally accepted that these genes must be present
for spindle checkpoint activation to occur [5, 6]. These
genes are responsible for precise chromosome segrega-
tion during mitosis [10]. A growing body of evidence
that BUB1, BUBR1, and BUB3 gene mutations were
involved in many malignant tumors, albeit at a very
low frequency [11–13]. Decreased expression of
MAD1, MAD2, BUB1, and BUBR1 has been identified
in several human cancers [14–17].

Despite an established data on the relation between
the BUB-MAD gene expression and the defects in the
SAC, the role of another important SAC protein,
CDC20, in tumor aneuploidy and carcinogenesis is not
completely understood. Upon attachment of all of the
kinetochores to their respective spindle poles, CDC20
activates the anaphase-promoting complex (APC/C), an
E3 ubiquitin ligase, that ubiquitinates certain substrates
for sequential degradation through the ubiquitin protea-
some pathway to initiate anaphase [6, 18].

APC/C targets degradation of securin and cyclin B1
when activated by CDC20. The cycle of activation of
the APC–CDC20 complex and degradation of securin
and cyclin B1 marks the anaphase onset in normally
regulated cell division [19, 20], Diagram 1. CDC20 is
usually kept sequestered during prophase and metaphase
by MAD2 and BUBR1/BUB3 in the form of a mitotic
checkpoint complex (MCC) [21, 22]. This diffusible
MCC serves as a wait-anaphase signal from the kineto-
chores and prevents premature anaphase progression.
Thus, an abnormality in the cellular CDC20 level or
in its function may deregulate APC activation and pro-
mote premature anaphase, which often results in aneu-
ploidy in both daughter cells [5, 16].

High CDC20 expression has been reported in several hu-
man cancers and its expression has been linked to poor prog-
nosis in pancreatic [23], lung [24], bladder [25], colon [26],
and oral squamous cell carcinomas [27].

Given the growing attention to this cell cycle regula-
tory protein, we investigated the role of CDC20, the
activator of the APC/C complex, in common malignant
tumors which have a high lifetime risk of causing can-
cer death among men and women in Egypt. We also
evaluated the correlation between CDC20 expression
and the grade and stage of these examined malignant
tumors.

Materials and methods

Case selection

This retrospective study consisted of a total of 655 samples in-
cluding 180 samples of normal/ non-neoplastic tissues and 475
samples from malignant tumors. Tissues included in the study
were obtained from the bladder, breast, cervix, colon, endome-
trium, head and neck, kidney, liver, lung, ovary, pancreas, pros-
tate, stomach, testis, and thyroid. The cases were collected from
Department of Pathology, Minia University Hospital as well as
MiniaOncologyCenter,Minia, Egypt during the period between
January 2010 and October 2014. Data were extracted from the
pathology reports andmedical records. Only cases with available
adequate tumor tissue were considered eligible. Patients did not
receive neoadjuvant therapy. The specimens were fixed in 10 %
buffered formalin, embedded in paraffin, and stained with hema-
toxylin and eosin for histological assessment. All cases were
reviewed by two pathologists (NMR Abd El-Maqsoud and
MF Gayyed) for pathological parameters, including histologic
grade and TNM stage. Tumor grade was based upon the criteria
of the World Health Organization classification for each tumor.
Tumor staging was performed according to the guidelines by the
TNM staging system for each tumor. This work was covered by
the approval of the ethics committee of both Minia University
and Minia Oncology Center.

Immunohistochemistry

Immunohistochemical staining for CDC20 was performed on
4-μm unstained sections. Tissue sections were deparaffinized
and dehydrated. This was followed by antigen retrieval with
preheated 1 mM EDTA buffer (pH 8.0) in a microwave for
10–20 min. To block the endogenous peroxidase activity,
slides were incubated with 0.3 % H2O2/methanol for
10–15 min. Slides were stained with monoclonal antibodies
to CDC20 (1:50; clone E-7; Santa-Cruz Biotechnology, CA)
at room temperature for 1 h. After incubation with secondary
antibody at room temperature for 30 min, immunostaining
was done using 3,30-diaminobenzidine (DAB) and counter-
stained with hematoxylin. Nuclear and/or cytoplasmic
staining for CDC20 was considered positive. As a negative
control, immunostaining was carried out without the primary
antibody. We used normal tonsils as positive control for
CDC20 (germinal center B cells).

Assessment of immunohistochemical staining

The immunostaining expression was evaluated by the two pa-
thologist authors irrespective to the clinical data of the patients.
The scoring system was adjusted from previously published
studies [26]. The percent of positive cells was scored as
0=≤10 %, 1=>10 to ≤25 %, 2=>25 to ≤50 %, 3=>50 to
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≤75 %, and 4=>75 %. The intensity of staining was scored as
0=negative, 1=weak, 2=moderate, and 3=strong. The two
scores were then multiplied to calculate the final score. The
cutoff points for CDC20 immunostaining were the median of
CDC20 expression in each normal/non-neoplastic tissue.
CDC20 expression was considered negative/low and high
expression according to these cutoff points.

Statistical analysis

All statistical analyses were carried out using the SPSS 16.0
statistical software package (SPSS Inc., Chicago, IL). The re-
lationship between CDC20 expression and tumor grade and
stage was analyzed by chi-squared test. The p value of equal
to or less than 0.05 was considered statistically significant.

Results

Results of immunohistochemical staining patterns for CDC20
were summarized in Tables 1 and 2 and Graph 1.

CDC20 immunohistochemical expression in normal
and non-neoplastic tissues

Normal/non-neoplastic tissues showed either negative or
weak nuclear and/or cytoplasmic CDC20 expression and their
expressions were shown in Fig. 1. Positive CDC20 expression
was found in 35/180 (19.44 %) of all examined normal/non-
neoplastic tissues. We found positive CDC20 expression in
normal/non-neoplastic breast 4/15 (26.7 %), colonic 5/15
(33.3 %), endometrial 7/15 (46.7 %), head and neck
2/10(20 %), renal 2/10(20 %), lung 3/10 (30 %), ovarian 4/
10 (40 %), pancreatic 1/5 (20 %), prostatic 4/15 (26.7 %), and
testicular 3/10 (30 %) tissues. CDC20 staining was not ob-
served in normal/non-neoplastic tissues from the bladder, cer-
vix, liver, stomach, and thyroid.

CDC20 immunohistochemical expression
in malignant tumors

CDC20 expression was detected in nuclei and/or cytoplasm of
tumor cells as shown in Fig. 2. High CDC20 expression was
detected in 265 cases (55.7 %) and low expression in 210
cases (44.3 %). As regarding CDC20 expression in bladder
carcinoma, we found positive CDC20 expression in 24/40
cases (60%). CDC20 expression in transitional cell carcinoma
(TCC) was 14/25 cases (56%)while the expressionwas 10/15
cases (66.7 %) in squamous cell carcinoma (SCC) which was
slightly higher than in TCC but this difference did not reach a

Diagram 1 Function of APC/CCDC20 during the somatic cell cycle. In
early mitosis, Cdk1 phosphorylates the APC/C core, promoting its bind-
ing to CDC20. APC/CCDC20 is blocked by the spindle checkpoint and
inactivation of the spindle checkpoint allows activation of APC/CCDC20,
which promotes the degradation of securin and cyclin B. This in turn
leads to the anaphase onset. APC/CCDC20-dependent degradation of cy-
clin B binding to cyclin B reduces the Cdk1 activity in late anaphase
resulting in facilitation of mitotic exit and cytokinesis

Table 1 CDC20 immunohistochemical expression in normal/non-
neoplastic tissues from multiple organs (No=180)

Organ No CDC20

-ve/Low (%) High (%)

Bladder 15 15 (100) 0 (0)

Breast 15 11 (73.3) 4 (26.7)

Cervix 10 10 (100) 0 (0)

Colon 15 10 (66.7) 5 (33.3)

Endometrium 15 8 (53.3) 7 (46.7)

Head and neck 10 8 (80) 2 (20)

Kidney 10 8 (80) 2 (20)

Liver 15 15 (100) 0 (0)

Lung 10 7 (70) 3 (30)

Ovary 10 6 (60) 4 (40)

Pancreas 5 4 (80) 1 (20)

Prostate 15 11 (73.3) 4 (26.7)

Stomach 10 10 (100) 0 (0)

Testis 10 7 (70) 3 (30)

Thyroid 15 15 (100) 0 (0)
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significant level (p=0.505). In breast carcinoma, positive
CDC20 expression was found in 24/40 (60%) of all examined
cases. Positive CDC20 expression in IDC and in ILC was
63 % and 50 %, respectively. The expression was higher in
invasive duct carcinoma (IDC) than in invasive lobular carci-
noma (ILC) but without a statistically significant difference
(p=0.351). In cervical SCC, 10/25 of cases (40 %) showed
high CDC20 immunostaining. In colonic adenocarcinoma,
high CDC20 expression was found in 22/40 of cases (55 %)
compared to 18/40 of cases (45 %) showing low expression.
In endometrial adenocarcinoma, we found low CDC20 immu-
nostaining in 9/30 of cases (30 %), while the high CDC20
immunostaining was found in 21/30 of cases (70 %). In head
and neck SCC, CDC20 expression was low in 14/25 of cases
(56 %) and high in 11/25 of cases (44 %). In renal cell carci-
noma, low CDC20 expression was found in 16/30 of cases
(53.3 %) and high expression was found in 14/30 of cases
(46.7 %). In HCC, the high CDC20 expression was detected
in 23/40 of cases (57.5 %). Regarding lung carcinoma, posi-
tive CDC20 expression was 46.7 % of all cases. Positive
CDC20 expression in ADCwas 33.3 %which was lower than

SCC (60 %) and the difference was also not statistically sig-
nificant (p=0.136). In ovarian carcinoma, CDC20 overex-
pression was found in 72.5 % of cases. CDC20 expression
in mucinous carcinoma was higher than in serous carcino-
ma, 80 % and 68 %, respectively (p=0.329). High
CDC20 expression was found in 6/15 of cases (40 %)
of pancreatic adenocarcinoma. In prostatic adenocarcino-
ma, CDC20 expression was high in 21/40 of cases
(52.5 %). In gastric adenocarcinoma, 16/30 of cases
(53.3 %) showed high CDC20 immunostaining. In
seminoma, high CDC20 immunostaining was found in
13/20 of cases (65 %). In thyroid carcinoma, high
CDC20 expression was noted in 43.3 % of all examined
cases. Positive CDC20 expression in papillary and follicu-
lar thyroid carcinoma was 45 and 40 %, respectively, with
no statistically difference level (p=0.794).

For beast carcinoma, we found that ER, PR, and HER2
expressions were 52.5, 50, and 42.5 %, respectively. An in-
verse significant association was found between CDC20 and
ER (p=0.020) and PR (p=0.010) expressions while no signif-
icant association was seen between CDC20 and HER2 expres-
sions (p=0.601).

As shown in Table 3, in all tumors examined, we found that
most of the high-grade tumors showed high CDC20 immu-
nostaining, whereas most of the low-grade tumors
showed low CDC20 expression. A statistical analysis re-
vealed significant positive correlation between CDC20
expression and tumor grade in carcinomas of the bladder
(p=0.027), cervix (p=0.032), colon (p=0.026), endome-
trium (p=0.016), kidney (p=0.048), liver (p=0.028), ova-
ry (p=0.044), prostate (p=0.040), and stomach (p=0.033)
as shown in Graph 2.

Regarding tumor stage, we found higher positive
CDC20 expression with advanced tumor stage. Howev-
er, there was a significant correlation between high
CDC20 expression and advanced tumor stage in carci-
nomas of the breast (p=0.021), colon (p=0.040), endo-
metrium (p=0.047), and prostate (p=0.031) as shown in
Graph 3.

Discussion

Aneuploidy is the hallmark of carcinogenesis. Normal
cells are protected by the presence of SAC which main-
tains genomic stability through precise chromosomal
segregation. SAC prevents the activation of APC/C
ubiquitin ligase by sequestration of CDC20 into a com-
plex of mitotic checkpoint complex (MCC). SAC per-
forms its work through the generation of a diffusible
wait-anaphase signal that inhibits the APC/C in the cy-
toplasm. APC/C is activated once all chromosomes

Table 2 CDC20 immunohistochemical expression in common
malignant tumors from multiple organs (No=475)

Organ Diagnoses No CDC20

-ve/Low (%) High (%)

Bladder TCC 25 11 (44) 14 (56)

SCC 15 5 (33.3) 10 (66.7)

Breast IDC 30 11 (36.7) 19 (63.3)

LC 10 5 (50) 5 (50)

Cervix SCC 25 15 (60) 10 (40)

Colon ADC 40 18 (45) 22 (55)

Endometrium ADC 30 9 (30) 21 (70)

Head and neck SCC 25 14 (56) 11 (44)

Kidney Clear cell RCC 30 16 (53.3) 14 (46.7)

Liver HCC 40 15 (37.5) 25 (62.5)

Lung ADC 15 10 (66.7) 5 (33.3)

SCC 15 6 (40) 9 (60)

Ovary SCADC 25 8 (32) 17 (68)

MCADC 15 3 (20) 12 (80)

Pancreas ADC 15 8 (53.3) 7 (46.7)

Prostate ADC 40 19 (47.5) 21 (52.5)

Stomach ADC 30 13 (43.3) 17 (56.7)

Testis Seminoma 20 7 (35) 13 (65)

Thyroid Papillary carcinoma 20 11 (55) 9 (45)

Follicular carcinoma 10 6 (60) 4 (40)

ADC adenocarcinoma,HCC hepatocellular carcinoma, IDC invasive duct
carcinoma, ILC invasive lobular carcinoma, MCADC mucinous
cystadenocarcinoma, SCADC serous cystadenocarcinoma, SCC squa-
mous cell carcinoma, TCC transitional cell carcinoma
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attach in the metaphase. MCC can inhibit CDC20 that
activated APC/C [28].

Human CDC20, a homolog of Saccharomyces
cerevisiae cell division cycle 20 protein, is considered
one of the major regularity components of the cell cy-
cle. In mitosis, CDC20 activates APC/C which in role
enables the onset of anaphase only after being certain
that the centromeres of all sister chromatids are lined up
in the metaphase plate, assembly attached to spindle
poles and no one of the kinetochores left unattached
[29]. In human malignancy, CDC20 overexpression has
been associated with CIN and thus an aneuploidization
[30].

Interestingly, it has been suggested that CDC20 pos-
sesses other functions independently of the APC/C. This
was assumed by Clarke et al. who found that in budding
yeasts, the accumulation of CDC20 was decreased in S
phase via Mec1p and Rad53p, thus avoiding premature
entry into mitosis during the S phase [31].

Resistance of the malignant cells to the antiprolifera-
tive therapy may be related to lack of apoptosis [32].
One of the apoptosis inhibitor mechanisms is the

premature exit out of the mitotic arrest [33]. CDC20
knockout has been shown to block mitotic exit thus
suggesting its role in decreasing apoptosis resistance in
malignant cells [34]. CDC20 DNA damage caused an
arrest in G2/M phase of cell cycle and subsequently
decreased cell growth [35]. Regarding the previously
mentioned roles of CDC20 in the cell cycle regulation,
CDC20 is thought to be a potential therapeutic target in
human cancers.

CDC20 immunohistochemical expression
in the normal/non-neoplastic tissues

Studying the CDC20 expression in normal/non-neoplastic
tissues was limited. We found that positive CDC20 ex-
pression was found in 19.44 % of the all examined
normal/non-neoplastic tissues. Positive CDC20 expres-
sion was observed in the breast, colon, endometrium,
head and neck, kidney, lung, ovary, pancreas, prostate,
and testis. Previous studies reported positive CDC20 ex-
pression in the normal/non-neoplastic epithelial cells of

Graph 1 CDC20 immunohistochemical expression in normal/non-neoplastic tissues and primary malignant tumors from multiple organs
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the colon, stomach, head and neck, and pancreas (23,
26, 27, 36), while others reported that CDC20 expres-
sion was negative in normal/non-neoplastic epithelial
cells of the bladder, breast, cervix, liver, and lung
[24, 25, 37–39]. Our comprehensive study corroborated
and expanded these observations as we found negative
CDC20 expression in normal/non-neoplastic tissues
from the bladder, cervix, liver, stomach, and thyroid.

CDC20 immunohistochemical expression
in malignant tumors

CDC20 expression was detected in the nuclei and/or
cytoplasm of the tumor cells as shown in previous studies
[23, 25, 26, 36, 38, 39]. CDC20 overexpression was
detected in 55.7 % while low CDC20 expression was
found in 44.3 % of all examined malignant tumors.

Fig. 1 Representative immunohistochemistry for CDC20 expression in
normal / non-neoplastic tissue samples (a-o). Representative examples of
negative CDC20 expression in normal / non-neoplastic tissues of the a
bladder, c cervix, h liver, m stomach, and o thyroid. High expression of

CDC20 was shown in normal / non-neoplastic tissues of the b breast,
d colon, e endometrium, f head and neck, g kidney, i lung, j ovary, k
pancreas, l prostate, and n testis. (DAB chromogen, hematoxylin
counterstain. X400)
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As regarding CDC20 expression in bladder carcino-
ma, we found positive CDC20 expression in 60 % of
the all studied cases. Positive CDC20 expression was
slightly higher in SSC (66.7 %) than in TCC (56 %)
but this difference did not reach a significant level.
Choi et al. [25] reported that CDC20 overexpression
was observed in 59 % of TCC cases. Previous studies
were done on the expression of CDC20 in urothelial
carcinoma but no one was done on its expression in
SCC of the bladder.

In our study, breast carcinoma showed positive CDC20
expression in 60 % of cases. Positive CDC20 expression
was higher in IDC (63 %) than LC (50 %) but without a
statistically significant difference. Kidokoro et al. [35]
found that CDC20 was overexpressed in 60 % of the
breast cancer tissues while Karra et al. [37] reported that
positive CDC20 expression was found in 39 % only. This
increased expression could be attributed to the different
method of immunohistochemical scoring system of
CDC20 expression and the difference in patients’

Fig. 1 (continued)
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clinicopathological data. We found a significant inverse
association with ER and PR expressions and CDC20 im-
munostaining while no association was detected with
HER2 expression and CDC20 immunostaining. Similar
result was reported by Karra et al. [37].

Regarding SCC of the cervix included in this study,
CDC20 overexpression was detected in 40 % of SCC

of the cervix. Previous study reported that CDC20 was
overexpressed in 22.3 % of SCC [38].

In colon carcinoma, we found CDC20 overexpression in
55 % of the examined cases. Wu et al. [26] reported CDC20
overexpression in 46.7 % of colon carcinoma.

In gastric carcinoma, CDC20 overexpression was detected
in 56.7 % of cases. Previous study reported by Ding et al. [36]

Fig. 2 CDC20 immunohistochemical expression in multiple malignant
tumor tissues (a-o). Representative examples of high CDC20 expression
in a TCC of the bladder, b IDC of the breast, c SCC of the cervix, d
adenocarcinoma of the colon, e adenocarcinoma of the endometrium,
f SCC of the head and neck, g RCC of the kidney, h non-small cell

carcinoma of the lung, i HCC, j serous cystadenocarcinoma of the
ovary, k duct carcinoma of the pancreas, l adenocarcinoma of the
prostate, m adenocarcinoma of the stomach, n seminoma of the
testis, and o papillary carcinoma of the thyroid. (DAB chromogen,
hematoxylin counterstain. X400)
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showed that CDC20 overall expression in gastric carcinoma
was 51.9 % with a significant difference in expression be-
tween normal and malignant cases.

In head and neck SCC, CDC20 overexpression was found
in 44 % of the examined cases. Previously, CDC20 was re-
ported in 56.9 % of oral squamous cell carcinoma [27].

In hepatocellular carcinoma, CDC20 overexpression
was detected in 62.5 % of the studied cases. Li et al.
[39] reported that CDC20 expression was upregulated in
HCC tissues compared to the adjacent non-tumor liver
tissues and these high expression levels of CDC20 were
detected in 68.18 % HCC samples.

Fig. 2 (continued)

Tumor Biol. (2016) 37:749–762 757



Table 3 Correlation between immunohistochemical expression of CDC20 and the grade and the stage of the examined malignant tumors

Organ Grade p value Stage p value

G No (%) CDC20 S No (%) CDC20

-ve/Low (%) High (%) -ve/Low (%) High (%)

Bladder G1 9 (22.5) 7 (77.8) 2 (22.2) 0.027 I 4 (10) 3 (75) 1 (25) 0.105
G2 18 (45) 6 (33.3) 12 (66.7) II 17 (42.5) 9 (52.9) 8 (47.1)

G3 13 (32.5) 3 (23.1) 10 (76.9) III 13 (32.5) 3 (23.1) 10 (76.9)

IV 6 (15) 1 (16.7) 5 (83.3)

Breast G1 4 (13.3) 3 (75) 1 (25) 0.062 I 5 (12.5) 4 (80) 1 (20) 0.021
G2 13 (43.3) 6 (46.2) 7 (53.8) II 14 (350) 7 (50) 7 (50)

G3 13 (43.3) 2 (15.4) 11 (84.6) III 12 (35) 3 (25) 9 (75)

IV 9 (22.5) 2 (22.2) 7 (77.8)

Cervix G1 6 (24) 6 (100) 0 (0) 0.032 I 7 (28.6) 5 (71.4) 2 (28.6) 0.289
G2 12 (48) 7 (58.3) 5 (41.7) II 9 (36) 6 (66.7) 3 (33.3)

G3 7 (28) 2 (28.6) 5 (71.4) III 6 (24) 3 (50) 3 (50)

IV 3 (12) 1 (33.3) 2 (66.7)

Colon G1 7 (17.5) 6 (85.7) 1 (14.3) 0.026 I 5 (12.5) 4 (80) 1 (20) 0.040
G2 17 (42.5) 8 (47.1) 9 (52.9) II 19 (47.5) 11 (57.9) 8 (42.1)

G3 16 (40) 4 (25) 12 (75) III 9 (22.5) 2 (22.2) 7 (77.8)

IV 7 (17.5) 1 (14.3) 6 (85.7)

Endometrium G1 9 (30) 6 (66.7) 3 (33.3) 0.016 I 5 (16.7) 4 (80) 1 (20) 0.047
G2 13 (43.3) 2 (15.4) 11 (84.6) II 7 (23.3) 1 (14.3) 6 (85.7)

G3 8 (26.7) 1 (12.5) 7 (87.5) III 10 (33.3) 3 (30) 7 (70)

IV 8 (26.7) 1 (12.5) 7 (87.5)

Head& Neck G1 12 (48) 8 (66.7) 4 (33.3) 0.347 I 5 (20) 4 (80) 1 (20) 0.410
G2 9 (36) 5 (55.6) 4 (44.4) II 10 (40) 6 (60) 4 (40)

G3 4 (16) 1 (25) 3 (75) III 6 (24) 3 (50) 3 (50)

IV 4 (16) 1 (25) 3 (75)

Kidney G1 8 (26.7) 6 (75) 2 (25) 0.048 I 4 (13.3) 3 (75) 1 (25) 0.373
G2 15 (50) 9 (60) 6 (40) II 12 (40) 7 (58.3) 5 (41.7)

G3 7 (23.3) 1 (14.3) 6 (85.7) III 9 (30) 5 (55.6) 4 (44.4)

IV 5 (16.7) 1 (20) 4 (80)

Liver G1 5 (12.5) 4 (80) 1 (20) 0.028 I 5 (12.5) 2 (60) 3 (40) 0.494
G2 25 (62.5) 10 (40) 15 (60) II 19 (47.5) 8 (42.1) 11 (57.9)

G3 10 (25) 1 (10) 9 (90) III 11 (27.5) 3 (27.3) 8 (72.7)

IV 5 (12.5) 1 (20) 4 (80)

Lung G1 7 (23.3) 5 (71.4) 2 (28.6) 0.092 I 3 (10) 2 (66.7) 1 (33.3) 0.749
G2 12 (40) 8 (66.7) 4 (33.3) II 9 (30) 5 (55.6) 4 (44.4)

G3 11 (36.7) 3 (27.3) 8 (72.7) III 10 (33.3) 6 (60) 4 (40)

IV 8 (26.7) 3 (37.5) 5 (62.5)

Ovary G1 8 (20) 5 (62.5) 3 (37.5) 0.044 I 8 (20) 2 (25) 6 (75) 0.770
G2 19 (47.5) 4 (21.1) 15 (78.9) II 10 (25) 4 (40) 6 (60)

G3 13 (32.5) 2 (15.4) 11 (84.6) III 12 (30) 3 (25) 9 (75)

IV 10 (25) 2 (20) 8 (80)

Pancreas G1 3 (20) 2 (66.7) 1 (33.3) 0.412 I 2 (13.3) 1 (50) 1 (50) 0.421
G2 8 (53.3) 5 (62.5) 3 (37.5) II 6 (40) 4 (66.7) 2 (33.3)

G3 4 (26.7) 1 (25) 3 (75) III 5 (33.3) 3 (60) 2 (40)

IV 2 (13.3) 0 (0) 2 (100)

Prostate G1 8 (20) 7 (87.5) 1 (12.5) 0.040 I 8 (20) 6 (75) 2 (25) 0.031
G2 21 (52.5) 8 (38.1) 13 (61.9) II 14 (35) 9 (64.3) 5 (35.7)

G3 11 (27.5) 4 (36.4) 7 (63.6) III 11 (27.5) 3 (27.3) 2 (72.7)

IV 7 (17.5) 1 (14.3) 6 (85.7)
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Table 3 (continued)

Organ Grade p value Stage p value

G No (%) CDC20 S No (%) CDC20

-ve/Low (%) High (%) -ve/Low (%) High (%)

Stomach G1 5 (16.7) 4 (80) 1 (20) 0.033 I 3 (10) 2 (66.7) 1 (33.3) 0.174
G2 13 (43.3) 7 (53.8) 6 (46.2) II 11 (36.7) 7 (63.6) 4 (36.4)

G3 12 (40) 2 (16.7) 10 (83.3) III 10 (33.3) 3 (30) 7 (70)

IV 6 (20) 1 (16.7) 5 (83.3)

Testis No grade - I 7 (35) 3 (42.9) 4 (57.1) 0.671
II 7 (35) 2 (28.6) 5 (71.4)

III 4 (20) 2 (50) 2 (50)

IV 2 (100) 0 (0) 2 (100)

Thyroid No grade - I 9 (30) 7 (77.8) 2 (22.2) 0.161
II 11 (36.7) 7 (63.6) 4 (36.4)

III 5 (16.7) 2 (40) 3 (60)

IV 5 (16.7) 1 (20) 4 (80)

Test of significance: chi-square test

p value ≤0.05 is considered significant
Grade was done to IDC only

Graph 2 Correlation between immunohistochemical expression of CDC20 and the grade of the studied malignant tumors (a-i)
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Regarding lung carcinoma, positive CDC20 expres-
sion was present in 46.7 % of all cases. Positive
CDC20 expression in ADC (33.3 %) was lower than
SCC (60 %) but the difference was not statistically sig-
nificant. Kato et al. [24] reported CDC20 overexpres-
sion in 19.6 % of non-small cell lung carcinoma cases
with 11.5 % for ADC, 35.9 % for SCC, and 50 % for
large cell carcinoma.

In ovarian carcinoma, CDC20 overexpressionwas found in
72.5 % of cases. CDC20 expression in mucinous carcinoma
(80 %) was higher than in serous carcinoma (68 %) with no
significant difference between the two types. Previous study
on serous epithelial ovarian cancer reported that high CDC20
expression was associated with high tumor grade [40]. To our
knowledge, no previous study was done on mucinous ovarian
carcinoma.

In pancreatic ductal adenocarcinoma (PDAC), CDC20 over-
expression was detected in 46.7 % of examined cases. Chang
et al. [12] reported that higher CDC20 protein expression level
was found in PADC tissue than in normal pancreatic tissue.

To the best of our knowledge, we reported for the first time
CDC20 expression in endometrial, prostatic, renal, testicular,
and thyroid carcinomas. CDC20 expression was detected in
70, 52.5, 46.7, 43.3, and 65 % of endometrial, prostatic, renal,
thyroid carcinomas, and testicular seminoma, respectively.
Concerning thyroid carcinoma, positive CDC20 expression
was found in 45 and 40 % of papillary and follicular carcino-
ma cases, respectively, with no statistically difference level.

As regards the correlation of CDC20 overexpression and
tumor grade, we found that high CDC20 expression in
tumor cells was associated with high grade. Most high-
grade tumor cells exhibited diffuse and strong nuclear
and/or cytoplasmic staining for CDC20, whereas most
low-grade tumor cells showed no staining. This difference
was reaching a statistically significant level in carcinomas
of the bladder, cervix, colon, endometrium, kidney, liver,
ovary, prostate, and stomach. In concordance with our
study, previous studies were reported such results [23, 25,
26, 36–40]. However, the difference did not reach a statis-
tically significant level as reported by [24, 27].

Graph 3 Correlation between Immunohistochemical expression of CDC20 and the stage of the studied malignant tumors (a-d)
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Regarding correlation of CDC20 overexpression and tumor
stage, we noted that CDC20 overexpression was significantly
associated with advanced tumor stage in carcinomas of the
breast, colon, endometrium, and prostate. Similar results were
noted by some of the previous cohorts [25, 26, 39]. However,
other previous studies reported that CDC20 overexpression was
not correlated with tumor stage [23, 24, 27, 36–38].

The present study coincided with other studies in that the
increase in CDC20 expression has been reported in many
human cancers. Significant associations between CDC20 ex-
pression and prognosis-related features such as histological
grade and TNM stage were observed [23–27].

It was reported that CDC20 overexpression was as-
sociated with mis-separation of chromosomes at the
metaphase, premature anaphase initiation, and aneuploi-
dy in the tumor cells [40]. Based on the role of CDC20
in regulating cell growth, our findings suggested that
CDC20 overexpression may have a role in tumorigene-
sis and permeating tumor growth.

In conclusion, CDC20 gene has had an important role in
malignant tumors by serving as a useful biological marker to
predict prognosis in patients with different cancers through iden-
tifying high-risk groups with high tumor grade and advanced
stage. New strategy of adjuvant therapy can help those with
CDC20 overexpression to improve their poor prognosis.
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