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Abstract: DCAF16 is a DDB1-CUL4 associated factor. The expression pattern of DCAF16 in human carcinomas is
largely unknown. Here, we investigated DCAF16 expression in a series of human normal epithelial tissues and
carcinomas using immunohistochemistry. DCAF16 expression was detected mainly in the cytoplasm in epithelial
tissues including thyroid follicles (3/3), epithelium of the prostate glands (2/8), epithelium of the gastric glands
(1/2), bronchial epithelium (1/1), epithelium of the intestine (1/1), and hepatocellular epithelium (3/5). There were
only 2 cases showing strong immunostaining. Nuclear expression of DCAF16 was detected in a few human carcino-
mas (0.8%, 9/83). Cytoplasmic DCAF16 expression was detected in human carcinomas including adenocarcinoma
(80.0%, 52/65), squamous cell carcinoma (30.8%, 4/13), and urothelial carcinoma (100%, 5/5). The total positive
rate of DCAF16 expression was 73.5% (61/83), higher than that in normal tissues (45.8%, 11/24) (P < 0.05). The
positive rate of DCAF16 expression in adenocarcinoma (80.0%, 52/65) was higher than that in squamous cell car-
cinoma (30.8%, 4/13) (P < 0.05). Interestingly, we found that DCAF16 expression in human carcinomas was signifi-
cantly associated with a higher degree of differentiation (P < 0.05). Our results suggest that DCAF16 is expressed
in various human carcinomas including adenocarcinoma, squamous cell carcinoma, and urothelial carcinoma and
is not suitable to be used as a diagnostic marker for these cancers. In addition, DCAF16 expression in human car-
cinomas was elevated compared with that in normal epithelial tissues, suggesting its possible role in oncogenesis.
However, the mechanism involved in elevation of DCAF16 expression and its function in human carcinoma needs
to be further investigated.
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Introduction an important role in regulating various physio-
logical processes including proliferation and
cell survival, it is important to determine the
roles of DCAF proteins in these processes. DC-
AF proteins have also been found to play im-
portant roles in developmental processes [2].
Because there is a great deal of similarity be-
tween the oncogenic process of malignant tu-
mors and embryonic development, it is also
important to know whether DCAF proteins are

DCAF16 is a damage-specific DNA binding pro-
tein 1 (DDB1)-CUL4 associated factor (DCAF)
protein, and its expression and function in
human carcinomas is largely unknown. DDB1-
CUL4 has a complex function as an E3 ligase in
the ubiquitin proteasome pathway [1-4]. DCAF
proteins were recently found to be substrate-
recognition receptors in the ubiquitin protea-

some pathway mediated by DDB1-CUL4 [1-4].
To date, around 60 DCAF proteins have been
identified [1-4]. However, the function of these
proteins in human tissues, including carcino-
mas, remains largely unknown. Because the
CUL4-DDB1 complex has been proven to play

expressed in human carcinomas and how they
function during carcinogenesis. Here, we inves-
tigated DCAF16 expression in a series of hu-
man normal epithelial and carcinoma tissues
as well as their pathological and diagnostic
implications.
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Table 1. Histological type and case number of the

samples

nology, Fuzhou, Fujian, China) as described
previously [5]. The sections were incubat-

Histological type of the samples

Number

ed with DCAF16 rabbit polyclonal primary

Normal tissues
Epithelium of the intestine
Thyroid follicles
Mucoid epithelium of uterine cervix
Epithelium of the prostate glands
Epithelium of the breast duct
Epithelium of the gastric glands
Hepatocellular epithelium
Bronchial epithelium
Carcinoma
Adenocarcinoma
Intrahepatic cholangiocarcinoma
Thyroid papillary carcinoma
Gastric adenocarcinoma
Hepatocellular carcinoma
Adenocarcinoma of the intestine
Endometrioid adenocarcinoma of the uterine
Adenocarcinoma of the lung
Acinar adenocarcinoma of the prostate
Invasive ductal carcinoma of the breast
Serous adenocarcinoma of the ovary
Squamous cell carcinoma
Esophagus
Uterine cervix
Lung
Urothelial carcinoma

24

B OO NN 00N WP

© w o~ O b O WO

o 00 W N

antibody (1:200, Abcam) overnight at 4°C.
Immunohistochemical evaluation was per-
formed as described previously [5]. A final
score of 2 or more than 2 was defined as
positive.

Statistical analysis

Statistical analyses were performed using
SPSS 22.0 for Windows (SPSS Inc., Chi-
cago, IL, USA). Pearson’s chi-square test
was used to analyze the association be-
tween DCAF16 expression and pathologi-
cal factors. McNemar’s test was used to
compare DCAF16 expression between car-
cinoma and non-tumor tissues. P values <
0.05 were considered statistically signifi-
cant.

Results

Expression of DCAF16 in normal epithelial
tissues

DCAF16 expression in normal tissues is
shown in Figure 1. The immunostaining is
mainly detected in the cytoplasm. The to-
tal positive rate of DCAF16 expression in
normal tissues was 45.8% (11/24). How-

Materials and methods
Tissue samples

The specimens were obtained from patients
between 2012 and 2016 following surgical re-
section at the First Affiliated Hospital of China
Medical University. The diagnoses were con-
firmed following the criteria for classification
of breast cancer by the World Health Organiza-
tion. The histological types are listed in Table
1. There were 24 cases of normal epithelial tis-
sues and 83 cases of human carcinomas, in-
cluding 65 cases of adenocarcinoma, 13 cases
of squamous cell carcinoma, and 5 cases of
urothelial carcinoma. This study was approved
by the institutional Ethics Committee of China
Medical University.

Immunohistochemical staining
Immunohistochemical staining was performed

using UltraSensitive™ S-P kits (Maixin Biotech-
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ever, there were only 2 cases showing

strong immunostaining. The details of
DCAF16 expression in normal tissues are sh-
own in Table 2. Immunostaining of DCAF16 was
detected in thyroid follicles (3/3), epithelium of
the prostate glands (2/8), epithelium of the
gastric glands (1/2), bronchial epithelium (1/1),
epithelium of the intestine (1/1), and hepato-
cellular epithelium (3/5).

Expression of DCAF16 in human carcinomas

DCAF16 expression in human carcinomas in-
cluding adenocarcinoma, squamous cell carci-
noma, and urothelial carcinoma were investi-
gated. Immunostaining was detected mainly in
the cytoplasm of the cancer cells. A few cases
of cancer also showed nuclear expression of
DCAF16 (Figure 2). The positive rate of nuclear
DCAF16 expression in human carcinomas was
10.8% (9/83). The positive rate of cytoplas-
mic expression of DCAF16 was 73.5% (61/83),
significantly higher than in the nucleus (P <
0.05). The details of cytoplasmic expression of
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Figure 1. Expression of DCAF16 in normal epithelial tissues. Immunostaining was detected in thyroid follicles (A),
epithelium of the prostate glands (B), epithelium of the intestine (C), hepatocellular epithelium (D), epithelium of the
gastric glands (E), and bronchial epithelium (F).

Table 2. Cytoplasmic DCAF16 expression in normal tissues

investigated the association between

Cytoplasmic

DCAF16 expression Total

Negative Positive

DCAF16 expression and the differenti-
ation of carcinomas. Interestingly, we
found that DCAF16 expression was

Histological type
Thyroid follicles
Mucoid epithelium of uterine cervix
Epithelium of the prostate glands
Epithelium of the breast duct
Epithelium of the gastric glands
Bronchial epithelium
Epithelium of the intestine
Hepatocellular epithelium

Total
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significantly associated with higher
differentiation of the carcinomas (P <
0.05). The positive rate of DCAF16 ex-
pression in carcinomas with high dif-
ferentiation was 87.5% (28/32), higher
than in those with moderate or low dif-
ferentiation (64.7%, 33/51). This indi-
cates that there is a possibility that
DCAF16 may play an important role in
oncogenesis of human carcinomas.
Analysis of the association between
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DCAF16 in human carcinomas are shown in
Table 3. DCAF16 expression was detected in
all types of carcinoma including adenocarcino-
ma (80.0%, 52/65), squamous cell carcinoma
(30.8%, 4/13), and urothelial carcinoma (100%,
5/5) (Figure 3).

Pathological and diagnostic implications of
DCAF16 in human carcinomas

The statistical analysis is shown in Table 4. The
total positive rate of DCAF16 expression in hu-
man carcinomas was significantly higher com-
pared to normal tissues (P < 0.05). We also
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DCAF16 expression and histological
type of carcinoma shows that there
is differential expression of DCAF16 between
adenocarcinoma and squamous cell carcino-
ma. The positive rate of DCAF16 expression
in adenocarcinoma (80.0%, 52/65) was signifi-
cantly higher than that in squamous cell carci-
noma (30.8%, 4/13) (P < 0.05). However, the
positive rate of DCAF16 expression in squa-
mous cell carcinoma was 30.8%. DCAF16 was
expressed in human carcinomas including ade-
nocarcinoma, squamous cell carcinoma, and
urothelial carcinoma, and our results suggest
it is not a good marker for differentiating
between adenocarcinoma and squamous cell
carcinoma.

Int J Clin Exp Pathol 2017;10(8):8585-8591



DCAF16 expression in human carcinomas

!
SO

e egir

‘*’t& B ¢

Saertd

v ,; % o

SRR AN
% AT LT
LA

Figure 2. Nuclear expression of DCAF16 in human carcinoma. DCAF16 expression was detected in the nucleus of
cancer cells in a few human carcinomas (A-F). (A) Thyroid papillary carcinoma; (B) Adenocarcinoma of the intestine;
(C) Squamous cell carcinoma; (D) Urothelial carcinoma; (E) Adenocarcinoma of the lung; (F) Acinar adenocarcinoma

of the prostate.

Table 3. Cytoplasmic DCAF16 expression in human carcinomas

proteins of the cullin family

Cytoplasmic
DCAF16 expression Total

are associated with E3 ligas-
es in the ubiquitin pathways

Negative Positive

and play various functions

Histological type

including cell proliferation,
survival, and oncogenesis [8].

Adenocarcinoma 13 52 65 Cullin-1 was found to promo-

Adenocarcinoma of the intestine 0 5 5 te cancer cell proliferation in

Intrahepatic cholangiocarcinoma 1 5 6 many malignant tumors [9,

Hepatocellular carcinoma 2 2 4 10].

Thyroid papillary carcinoma 0 3 3 )

Serous adenocarcinoma of the ovary 4 5 9 Apprommately 60 PCAF, Pro_
) , teins have been identified,

Acinar adenocarcinoma of the prostate 2 16 18 . .

) i the expression and functions
Invasive ductal carcinoma of the breast 2 1 3 of which are largely unknown
Gastric adenocarcinoma 1 4 5 [1]. DCAF proteins were shown
Endometrioid adenocarcinoma of the uterine 0 4 4 to bind to DDB1 and thus play
Adenocarcinoma of the lung 1 7 8 important roles in the ubiqui-
Squamous cell carcinoma 9 4 13 tin pathway mediated by DDV-
Urothelial carcinoma 0 5 5 CUL4 ligase [1-4]. The CUL4-

Total 29 61 83 DDB1 complex functions in
many developmental and phy-
siological processes [1-4, 11].
Discussion Zhang et al. showed that DCAF1 is essential for

DCAF proteins were recently identified as sub-
strate receptors in the ubiquitin pathway involv-
ing DDB-CUL4 ligase. Dysfunction of the ubiqui-
tin-proteasome system has been found in many
diseases, including cancer and non-tumor dis-
eases including Parkinson’s disease [6, 7]. The
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plant embryogenesis [2] and Yu et al. showed
that DCAF1 is essential for primordial follicle
maintenance through interactions with DDB-
CUL4 ligase [12]. DCAF1 was also found to play
critical roles in methylation-dependent ubiquiti-
nation [13]. Peng’s study shows that DCAF7 in-
teracts with the DDB-CUL4 complex and medi-
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Figure 3. Expression of DCAF16 in human carcinomas. DCAF16 was generally expressed in human carcinomas
including adenocarcinomas (A-J), urothelial carcinoma (K), and squamous cell carcinoma (L). (A) Thyroid papillary
carcinoma; (B) Adenocarcinoma of the intestine; (C) Intrahepatic cholangiocarcinoma; (D) Adenocarcinoma of the
lung; (E) Hepatocellular carcinoma; (F) Endometrioid adenocarcinoma of the uterine; (G) Serous adenocarcinoma

of the ovary; (H) Acinar adenocarcinoma of the prostate; (I) Invasive ductal carcinoma of the breast; (J) Gastric ad-
enocarcinoma.

Table 4. Association between cytoplasmic DCAF16 expression and histological type and differentia-
tion status of human carcinomas

Tissue type Carcinoma type Differentiation
Normal tissues Carcinomas AC* SCC uc High Moderate and low
DCAF16+ 11 61 52 4 5 28 33
DCAF16- 13 22 13 9 0 4 18
P <0.05 P <0.05 P <0.05

*AC: Adenocarcinoma, SCC: Squamous cell carcinoma; UC: Urothelial carcinoma; P values were obtained using the Spearman
Correlation Test.
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ates DNA ligase | ubiquitylation; thus, playing
important roles in regulating genomic stability
[14]. RAF1, another DCAF protein, was found to
function in histone methylation and promote
siRNA amplification [15].

Here, we found that DCAF16 was expressed in
some human epithelial tissues including thy-
roid follicles, epithelium of the prostate glands,
epithelium of the gastric glands, bronchial epi-
thelium, epithelium of the intestine, and hepa-
tocellular epithelium. However, the level of im-
munostaining was generally low. There were
only 2 cases showing strong immunostaining.
DCAF16 expression in human carcinomas was
elevated compared to normal tissues. This in-
dicates DCAF16 may have a role in oncogene-
sis. DCAF16 expression was detected in human
carcinomas including adenocarcinoma, squa-
mous cell carcinoma, and urothelial carcinoma.
However, we do not suggest its use as a diag-
nostic marker for these carcinomas. We did find
that DCAF16 expression was more frequent in
adenocarcinoma than squamous cell carcino-
ma, although the implications of this finding are
not known yet. What is interesting is that we
found that DCAF16 expression in human carci-
nomas was significantly associated with higher
differentiation of the tumors. However, the
function of DCAF16 in these carcinomas needs
to be further investigated. What is to be noted
is that DCAF proteins commonly interact with
DDB1 through the WD40 domain. However, DC-
AF16 does not have this domain. How DCAF16
interacts with DDB1 and functions in the ubig-
uitin pathway needs to be further investigated.

Conclusion

DCAF16 is expressed in human carcinomas
including adenocarcinoma, squamous cell car-
cinoma, and urothelial carcinoma, and we do
not suggest using it as a diagnostic marker for
these tumors. DCAF16 expression in carcino-
mas was elevated compared with that in nor-
mal epithelial tissues, which indicates its pos-
sible roles in oncogenesis, but its function in
human cancers remains to be determined.
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