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Background: The dishevelled associated activator of morphogenesis (DAAM) family, consisting of DAAM1 and DAAM?2, is
an important component of the Wnt signal pathway. Previous studies have suggested that DAAM2 reduces
Von Hippel-Lindau (VHL) expression by promoting its ubiquitination, but the correlation between DAAM and
HIF-1ct in hepatocellular carcinoma (HCC) has not been studied.

Material/Methods: In our study, expression of DAAM1 and DAAM?2 in HCCs and tumor-adjacent liver tissues was assessed with
gRT-PCR and immunohistochemistry. Correlations between DAAM1/2 and the clinicopathologic variables were
evaluated with the Chi-square test. With univariate and multivariate analysis, we further evaluated the prog-
nostic significance of DAAM1 and DAAM2. Using in vitro experiments, we assessed the functions of DAAM1 and
DAAM2 in invasion and proliferation in different HCC cell lines and investigated their underlying mechanisms.

Results: DAAM1 and 2 overexpression were 18.8% and 48.7%, respectively, of the whole cohort. mRNAs of DAAM2 in

HCCs were substantially higher than mRNAs in liver tissues, while DAAM1 mRNA had no marked difference.

High DAAM2 expression was notably associated with advanced T stage (P=0.032), TNM stage (P=0.032), and

overall survival (OS) rate (P=0.004). DAAM 2 knockdown promoted VHL accumulation and subsequent HIF-1a

down-regulation in HCC cells. In HCC specimens, DAAM2 expression was also negatively correlated with VHL

and positively associated with HIF-1c. Moreover, HIF-1oe was required in DAAM2-induced invasion of HCC cells.

Conclusions: DAAM?2, rather than DAAM1, was able to predict prognosis of HCC. DAAM2 decreased VHL expression and con-
sequently upregulated HIF-1a, eventually facilitating invasion of HCC.
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Background

Primary liver cancer is the fifth most common cancer and the
second leading cause of cancer-related death globally, result-
ing in approximately 800,000 deaths each year [1]. Liver can-
cer is mainly divided into hepatocellular carcinoma (HCC) and
intrahepatic cholangiocarcinoma (iCCA), with different histo-
logic features, treatment strategies, and outcomes [2]. Chronic
infection with hepatitis B virus (HBV) is the main cause of HCC,
especially China, which has the highest incidence of HCC due
to the high prevalence of HBV infection [3]. HCC is a highly
heterogeneous tumor, leading to its high resistance to ther-
apy. The effects of systemic therapy on HCC are limited, and
OS rates for HCC are still very low. The overall 5-year surviv-
al rate for HCC after liver resection is approximately 30% [4].
Predictive and prognostic biomarker are well known to be of
benefit in stratifying patients based on risk, and in HCC, alpha
fetoprotein (AFP) is used. However, more effective biomarkers
and potential therapies for HCC are urgently needed.

Dishevelled associated activator of morphogenesis (DAAM) fam-
ily, consisting of DAAM1 and DAAM?2, are Wnt signaling effec-
tors and function downstream of Wnt ligands and upstream
of B-catenin [5]. DAAM1 and DAAM2 mediate coordination of
formin-dependent actin remodeling by binding with Disheveled
(DVL) and Wnt-dependent RhoA activation [6]. DAAMs interact
with the actin cytoskeleton with its highly conserved Formin
homology (FH) domains FH1 and FH2 [7]. Regulation of the ac-
tin cytoskeleton of DAAM regulates cell shape and polarized
cell growth. DAAM 1 and 2 are recently identified proteins and
their functions are gradually being elucidated. Reports also ex-
ist about the oncogenic role of DAAMs. For example, DAAM1
has been demonstrated to promote tumor progression in sev-
eral cancers types, including breast and ovarian cancer [8,9].
Although several studies have suggested a tumor-promot-
ing role for DAAM2 in some special tumors, such as glioma
and renal cancer [10,11], less research has been done focus-
ing on the oncogenic role of DAAM2 than on that of DAAM1.
Moreover, expression and function of DAAM1 and DAAM?2 in
HCC are still obscure.

Von Hippel-Lindau (VHL) is a target recruitment subunit in
the E3 ubiquitin ligase complex and recruits hydroxylated hy-
poxia-inducible factor (HIF) under normoxic conditions. HIF1
is a main intracellular effector to hypoxia, comprised of an
unstable a-subunit (HIF-1a) and a stable B-subunit (HIF-1p).
In normoxia, HIF-1a is hydroxylated by Prolyl hydroxylase do-
main proteins (PHDs) at prolines 402 and 564, then recognized
by VHL and degraded in the E3 ubiquitin pathway [12-14].
Recent studies have shown that DAAM2 promotes degradation
of VHL and facilitated gliomagenesis [10]. However, whether
DAAM?2 regulates VHL degradation and its downstream pro-
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In our study, the mRNAs of DAAM1 and DAAM2 in 19 HCCs
and tumor-adjacent liver tissues were assessed with quanti-
fied reverse transcription-PCR(qRT-PCR), and protein levels of
DAAM1 and DAAM?2 in 117 cases of HCC and paired normal
liver tissues were investigated with immunohistochemistry
(IHC). Correlations between DAAM1/2 and the clinicopatho-
logic variables were evaluated with the Chi-square test. With
univariate and multivariate analysis, we evaluated the prog-
nostic significance of DAAM1 and DAAM2. Using in vitro exper-
iments, we estimated the functions of DAAM1 and DAAM?2 in
invasion and proliferation in different HCC cell lines. Moreover,
we investigated DAAM regulation of VHL and HIF-10, and as-
sessed the role of HIF-1a. in DAAM-induced invasion of HCC.

Material and Methods

Patients and follow-up

A total of 323 patients underwent radical surgery for HCC in
the YIDU Central Hospital and the Second Hospital affiliated
with Shandong 1t Medical University from 2011 to 2016. Of
these patients, 117 were enrolled in our study based on the
following criteria: (1) more than 3-month follow-up; (2) avail-
able tumor tissues and adjacent liver tissues for IHC; and
(3) no exposure to adjuvant therapy. Nineteen pairs of fresh
tumor tissues were obtained during surgery without interfer-
ing with pathological diagnosis. Histopathologial grade of HCC
was based on the Edmondson system [15]. TNM staging was
performed according to the 8" American Joint Committee on
Cancer/Union for International Cancer Control(AJCC/UICC) clas-
sification system. All specimens were obtained with informed
consent from patients. The study was approved by the Ethics
Committee of the Second Hospital affiliated to Shandong 1
Medical University and the YIDU Central Hospital.

Cells and agents

Human HCC cell lines HepG3B2, HepG2, HuH7, and SMM(C7721
were all purchased from the Cell Bank of the Chinese Academy
of Sciences (Shanghai, China). These cells were cultured in
DMEM (Thermo Fisher, Waltham, Massachusetts, United States),
supplemented by 10% fetal bovine serum (FBS; Thermo Fisher),
and 100 U/mL penicillin and streptomycin (Thermo Fisher).
Primary antibodies were as follows: DAAM1 (Cat. 71499,
Abcam, Cambridge, Massachusetts, United States), DAAM2
(Cat. NBP2-47496, Novus Biologicals, Centennial, Colorado,
United States), VHL (Cat. 556347, BD Pharmingem), Hypoxia-
inducible factor 1o (HIF-1a) (Cat. NB100-105, Novus), and
B-actin (Cat. sc-8432, Santa Cruz Biotechnology, Santa Cruz,
California, United States).
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Tissue microarrays

Tissue microarrays (TMA) were generated with the formalin-
fixed and paraffin-embedded tissue sections from all patients
as described in a previous study [16]. Hematoxylin and eosin
staining was carried out and evaluated by a pathologist before
the IHC area was selected. The IHC area encompassed tumor
and necrosis and normal tissues wree avoided. The samples
were then arranged in the design of the array and 1-mm cyl-
inders were collected for TMA slides. Two cylinders were cre-
ated for each case in a TMA slide.

IHC and scoring

The streptavidin peroxidase complex method was carried out
for IHC staining, as described in a previous study [17]. In brief,
after deparaffinization and rehydration with xylene and graded
alcohol, the TMA sections were immersed in 3% hydrogen per-
oxide to inactivate the endogenous peroxidase, following citrate
buffer (pH=6.0) to get optimal antigen retrieval. Then 1% BSA
in phosphate-buffered saline was used to incubate the TMA for
30 minutes to block the unspecific binding. Primary antibodies
of DAAM1 (1: 200) and DAAM2 (1: 500) were used to incubate
the TMA overnight and the secondary antibodies labelled with
streptoavidin-biotin-peroxidase reagent. TMAs were finally in-
cubated with 3,3’-diaminobenzidine solution for visualization.

Results of IHC staining were estimated and semi-quantified
by IHC score after evaluation by two senior pathologists who
were unaware of the clinical data. The IHC score took into con-
sideration staining intensity and percentage of stained cells.
Positive scores for tumor cells were defined as: 1 ifr <10% of
cells were positive; 2 if 10% to 50% of cells were positive; and
3 if >50% of cells were positive. Staining intensity scores were
0 for negative staining, 1 for weak, 2 for moderate, and 3 for
strong staining. The final IHC scores were the product of mul-
tiplication of these two scoresn. The cut-off was determined
by the receiver operating characteristic(ROC) curve and used to
divide the cohort into subgroups according to IHC scores [18].

Western blot

HCC cells were lysed on ice using RIPA lysis buffer supplement-
ed with 1 mM sodium vanadate, 10 pg/mL leupeptin, 1 pg/mL
aprotinin, 1 yg/mL pepstatin, 1 pg/mL antipain, and 30 pg of
phenylmethylsulfonyl fluoride [19]. Total lysates were centri-
fuged at 12000 g to remove pallets and preserve superna-
tants. After electrophoresis, proteins were then transferred to
nitrocellulose membranes (BioTrace NT Nitrocellulose, PALL).
The membranes were incubated in the primary antibody at 4°C
overnight and the secondary antibody (Beyotime, Shanghai,
China) in order. Protein bands were visualized by ECL (Merck
Millipore, Burlington, USA) treatment.
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Cell transfection

Knockdown of DAAM1 and DAAM2 was realized by transfec-
tion of siRNA purchased from the Santa Cruz Biotechnology.
Target sequences of DAAM1 were GCCACTTTGTATCCTATCAGG
and GCAGGATTTCTTTGTGAACAG; sequences of DAAM2 were
GCAATAAACCGGCTAAA and GGACACAGCCTATGAGG. DAAM1 and
DAAM? overexpression was achieved by transfection of pcDNA-
DAAM1/DAAM?2. Plasmids were obtained from Sinobiological
(Beijing, China). Lipofectamine 2000 was used for transfec-
tion of siRNA and plasmids. Results of transfection were ver-
ified by Western blot.

RNA extraction and qRT-PCR

Total RNAs were extracted using TRIzol reagent (Thermo
Fisher) according to the manual. The gPCR RT kit (Qiagen,
Venlo, Netherlands) and SYBR Green Master Mix (Thermo
Fisher) were used for quantitative real-time PCR (qRT-PCR).
GAPDH was used as an internal control for the 2724 calcula-
tion. Primers were as follows:

DAAM1 forward 5’-TCACCCAGAAATCACG-3’;

reverse 5’-GTCCAGTTCATCCACCA -3'.

DAAM?2 forward 5’-CAAAGCCCAAAGTGGAAGC-3;

reverse 5’-CATCTGTCTAAGACGCTTGCTG-3".

Cell proliferation assay

HCC proliferation was detected with MTT assay after regulating
DAAM1 and DAAM2 expression. In brief, HCC cells were trans-
fected with siRNAs of DAAM1/2 and then cultured for anoth-
er 48 hr. After that, cells were seeded into 96-well plates and
incubated for the indicated time until the addition of 10 pl
MTT per well. After 4 hr of MTT incubation, the crystals at the
bottom of wells were dissolved by 100-pL dimethyl sulfoxide
and absorbance at 570 nm was measured in a spectropho-
tometer (Molecular Devices Company, United States). OD570
of the control group was set as the base for data standard-
ization. All data were normalized to control to calculate the
proliferation index.

Matrigel transwell assay

The 8-pm-pore matrigel-coated transwells (BD Biosciences,
United States) were used to detect tumor invasion of HCC.
After transfection of siRNA or plasmid carrying DAAM?2, cells
were seeded into chambers and then cultured for another
24 hr with 10% FBS at bottom as chemotactic factor. At the
end of incubation, cells in the upper chamber were removed
and the cells in the bottom chamber were fixed and stained.
Cell numbers were counted from six random fields. The inva-
sion ratio was calculated by normalizing the invading number
of testing groups to the control group.
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Statistical analysis

SPSS 22.0 software was used for data analysis and
GraphPadPrism 5.0 was for graph display. The relationships
between DAAM1/2 expression and clinicopathologic factors
were calculated by the Chi-square method. OS curves were
shown with the Kaplan-Meier method, and statistical differ-
ences between different groups were calculated by the log-
rank test. Statistical significances in the in vitro experiments
were analyzed by Student’s t-test. P<0.05 indicated statisti-
cal significance.

Results

Expression of DAAM family in HCC

Expressions of DAAM1 and DAAM2 in 19 pairs of HCC and their
adjacent liver tissues were investigated with qRT-PCR to ana-
lyze their expression patterns in HCC (Figure 1A). The mRNA
levels in normal liver tissues were set as baseline and mRNAs in
HCC were standardized to the baseline. Consequently, DAAM2
mRNAs in HCCs were substantially higher than mRNAs in ad-
jacent liver tissues while there were no marked differences in
DAAM1 mRNA between tumors and liver tissue (Figure 1A),
which indicated that DAAM2, instead of DAAM1, has an im-
portant role in HCC oncogenesis. Moreover, expression of
DAAM1 and DAAM?2 in a tissue microarray consisting of 117
HCCs was detected with IHC (Figure 1B). According to the cut-
off IHC score, the cohort was categorized into patients with
low and high DAAM expression. Rates of DAAM1 and DAAM?2
overexpression of 18.8% and 48.7%, respectively, were seen
in the cohort (Table 1). Figure 1C shows images of DAAM1 and
DAAM?2 expression in HCC samples and corresponding tumor-
adjacent liver tissues in two representative patients. In ad-
dition, IHC scores of DAAM2 in HCC was substantially high-
er than those in liver tissues, but there was no difference in
DAAM1 between HCCs and normal tissues (Figure 1D). These
results suggest that DAAM?2 rather than DAAM1 plays an es-
sential role in tumorigenesis of HCC.

DAAM?2, instead of DAAM1, indicated poor prognosis of
HCC

DAAM1 and DAAM?2 expression, as well as other clinical factors,
were included in the univariate analysis of prognostic value of
HCC. The Kaplan-Meier method was used to display OS curves,
and the log-rank test was performed to calculate statistical
significance. In our study, DAAM1 expression had no dominant
effect on the OS rate (P=0.907), while high DAAM2 expres-
sion was significantly associated with lower OS rate (P=0.004)
(Figure 2A, 2B). The 5-year OS rates for low and high DAAM2
expression were 38.5% and 18.8%, respectively (Table 2).
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In addition, tumor size (»5 c¢m), T stage (llI+1V), TNM stage
(IN+1V) all indicated poor prognosis of HCC (Figure 2C-2E).
T stage is the dominant determining factor for TNM stage for
HCG, so the survival curves of TNM and T stage were very sim-
ilar in our study. N stage seemed to be related to OS, but the
tendency was not that significant because the number of pa-
tients with lymphatic invasion was too small (n=2) (Figure 2F).

Variables with P<0.300 in univariate analysis used in the Cox
regression model for multivariate analysis included HBV infec-
tion, T stage, tumor size, N stage and DAAM2 status (Table 3).
T stage was identified as an independent prognostic factor for
HCC, with a hazard ratio (HR) as high as 2.16. DAAM2 tend-
ed to be an independent prognostic factor, but the statistical
significance was more than 0.05 (P=0.074). The independent
prognostic significance of DAAM2 needs further verification
in larger cohorts and multi center studies.

Relations between DAAM2 and clinicopathologic factors in
HCC

In the clinical analysis, we demonstrated that DAAM?2 expres-
sion was a prognostic biomarker for HCC, and therefore, we
carried out the Chi-Square test to estimate its correlations with
clinicopathologic factors in HCC (Table 4). In our analysis, high
DAAM?2 expression was substantially relevant to advanced
T stage (P=0.032) and TNM stage (P=0.032), which suggest-
ed that DAAM2 was a promoter of HCC proliferation or inva-
sion. Considering that TNM stage was a consequent product
of T stage, we suspected that DAAM2 mainly influenced tu-
mor infiltration and invasion of HCC.

DAAM2 decreased VHL expression and upregulated HIF-10
expression

In our clinical analysis, we demonstrated that high DAAM?2 ex-
pression was related with advanced T stage, so we further in-
vestigated the function of DAAM?2 in HCC progression, including
proliferation and invasion. Expression of DAAM1 and DAAM?2 in
four different HCC cell lines including HepG2, HuH7, SMM(C7721
and Hep3B2.1 were first detected with Western blot. DAAM1
and DAAM?2 expression were detectable and variable in these
cells (Figure 3A). Based on their expression pattern, we silenced
DAAM1 in HepG2 and knocked down DAAM2 in HuH7 by in-
dependent siRNAs in case of off-target effect, and detected
their influence on proliferation and invasion. The knockdown of
both DAAM1 and DAAM2 had blunting effects on proliferation,
while the knockdown of DAAM?2, instead of DAAM1, substan-
tially decreased the invasion of HuH7 (Figure 3B, 3C). A pre-
vious study suggested that DAAM2 could reduce VHL expres-
sion by promoting its ubiquitination [10]. Moreover, HIF-1a. is
a well-accepted downstream protein regulated by VHL, and it
is widely involved in the progression of numerous tumors [20].
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Figure 1. Expression of DAAM1 and DAAM2 in HCCs and tumor-adjacent liver tissues. (A) mRNA levels of DAAM1 and DAAM2 in 19

pairs of HCCs and tumor-adjacent liver tissues were detected with gRT-PCR. (B) Overall view of the tissue microarray stained
with DAAM2 antibody. (C) Expression and location of DAAM1 and DAAM?2 in 117 pairs of HCCs and tumor-adjacent liver
tissues were detected with IHC, and two cases of DAAM1/2 expression were displayed. Scale bar: 50 ym. (D) IHC scores of

DAAM2 in 117 HCCs were substantially higher than those in adjacent tissues.
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Table 1. Basic information about patients with HCC.

Factor Number Percentage
Sex
"""" Female 37 3162%
"""" Male 8 6838%
e
"""" o 4 393%
"""" >0 71 6068%
CTumorsize(m)
"""" s a5 3346%
"""" N e
Tumornumber
"""" Single 107 9145%
"""" Mutiple 10 855%
Histopathological grade
"""" W s 7L79%
"""" w33 2821%
CHBsAE
"""" Negaive 36 3077%
"""" Positve 81 6923%
AV
"""" Negave 107 9145%
"""" Posite 10 855%
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Factor Number Percentage
Microvascular invasion
"""" Negave 54 4615%
"""" Positve 63 5385%
Ccimhosis
"""" Negave 63 5385%
"""" Posite 54 4615%
CTstage
"""" W s a7
"""" v 60 5128%
Nstge
"""" N 115 9829%
"""" NGO 2 1%
TNMstage
"""" W57 ag7%
"""" v e 5128%
oAt
"""" low 95 8l20%
"""" Wgh 22 1880%
oAam2
"""" low e 5128%
"""" Wgh 57 487%

HCV — hepatitis C virus.

So, we further investigated the influence of DAAM2 on VHL
and its downstream HIF-1c.

The effect of DAAM1 knockdown was not notable on VHL and
HIF-1a expression, whereas DAAM2 knockdown substantially
increased VHL expression and consequently decreased HIF-1a
expression (Figure 3D). This was inconsistent with previous re-
sults in glioma, which showed DAAM2-driven degradation of
VHL [10]. To confirm the result, we overexpressed DAAM2 in
HuH7 and HepG2, and verified the effects of DAAM2 overex-
pression on VHL and HIF-1o after treatment with 10 pM MG132
for 6 hr. MG132 is an inhibitor of proteasome and widely used
to suppress ubiquitination. DAAM?2 overexpression decreased
VHL expression and upregulated HIF-1a in both SMMC7721
and HepG2, whereas MG132 treatment notably reversed this
effect (Figure 3E). In addition, we analyzed the correlation be-
tween DAAM?2 expression and VHL/HIF-1a. Patients with high-
er DAAM2 had downregulated VHL expression and upregulat-
ed HIF-1a expression, which was consistent with the results

HIF-10 was critically required in DAAM2-induced invasion
of HCC

To investigate the role of HIF-1o. in DAAM2-induced progres-
sion of HCC, we treated HuH7 cells with 10 pM MG132 for
6 hr and/or 10 yM HIF-1a inhibitor BAY87-2243 for 12 hr.
MG132 had no significant influence on proliferation (Figure 4A)
but attenuated invasion induced by DAAM2 overexpression
(Figure 4B). BAY87-2243 had a similar suppressive effect on
DAAM?2-induced invasion (Figure 4C). We silenced HIF-1a in
HuH7 cells to further confirm the role of HIF-1a in DAAM2-
induced invasion (Figure 4D). As with BAY87-2243, HIF-1a
knockdown significantly impaired DAAM2-induced invasion
of HuH7 (Figure 4E, 4F). All these results suggest HIF-1a plays
a critical role in DAAM2-induced invasion in HCC.
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Figure 2. DAAM?2 instead of DAAM1 correlated with the poor prognosis of HCC. Correlations between (A) DAAM1; (B) DAAM2;
(€) tumor size; (D) T stage; (E) TNM stage; and (F) N stage and overall survival rates were analyzed with log-rank test.
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Table 2. Relationship between 5-year OS and clinical factors.

Factor 5-year OS (%) P* Factor 5-year OS (%) pP*
Sex Cirrhosis
"""" Female 265 0585 Negatve 340 0798
"""" Mae 20  Postve 256
Age  Micovascularinvasion
"""" 0 296 0754 Negtive 343 0531
"""" >0 284  postve 282
CTumorsize(m) Tstge
"""" s a9 o001 w0 w7 o001
"""" 5. =213 w182
Tumornumber  Nstge
"""" Single 277 o722 N 294 0280
"""" Multie 400 N~ 00
Histopathological grade TNMstage
"""" Wi 284 o091 W 47 <001
"""" w333 w12
CWBsAR . opawr
"""" Negave 407 0280  low 263 0907
"""" Postve 21 Hgh  3a
WOV opam2
"""" Negative =~ 289 0302 low 385 0004
"""" Postve 30  Hgh 188

HCV — hepatitis C virus.

Table 3. Independent prognostic factors for HCC.

Factor HR 95%Cl P* Factor HR 95%Cl P*
Tumor size (cm) N stage
5 1.00 NO 1.00
,,,,,,, >» 13 0777234 0294 N1 1.40 0.33-6.33 0.630
HBsAg DAAM2
Negative 1.00 T
————————————————————————————————————————————————————————————————————————————————————————————— Low 1.00
Positive 1.26 0.76-2.11 0.375
""""""""""""""""""""""""""""""""""""""""""""""""""" High 1.50 0.96-2.24 0.074
T stage
1+l 1.00 Calculated with Cox-regression model.
H+1V 2.16 1.27-3.68 0.004
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Table 4. Relationship between DAAM2 and clinical factors.

Factors

HCV
Negative 57 50 0.197
Positive 3 7
Discussion

The Wnt signaling pathway is the essential signaling involved
in numerous physical and pathological processes [21]. It can
be divided into canonical and non-canonical pathways ac-
cording to participation of B-catenin. Both the canonical and
the non-canonical pathways require the involvement of the
DAAM family [22]. Dysregulation of the Wnt/B-catenin path-
way has been implicated in progression or tumorigenesis of
HCC in numerous reports [ 23]. However, as an important com-
ponent of Wnt singling, direct evidence previously has been
lacking ofg DAAM’s role in progression of HCC. In this study,
our results underscore the important function of DAAM2, not
DAAM1, in HCC progression and also show that it is a prognos-
tic biomarker, which indicates that DAAM2 could be a prom-
ising drug target for HCC treatment.

This work is licensed under Creative Common Attribution-
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Factors

* Calculated by the Chi-square test. HBsAg — hepatitis B surface
antien; HCV — hepatitis C virus.

In our study, DAAM2 was associated with the T and TNM stage
in Chi-square test. However, it was difficult determine whether
the relationship between them is causal. Based on in vitro ex-
periments, we are inclined to believe that DAAM2 led to tumor
invasion, and therefore, resulted in advanced T and TNM stage.
Moreover, DAAM2 had reached statistical significance as a prog-
nostic indicator(P=0.004), but its significance as an indepen-
dent prognostic biomarker was not so remarkable (P=0.074).
There are two possibilities: (1) the sample size may not have
been large enough, because the independent prognostic sig-
nificance is close to statistical significance; and (2) DAAM2 is
not an independent prognostic biomarker but correlates with
prognosis because of its interaction with T and TNM stage.
We hope that our findings trigger more multicenter studies
that can verify the independent prognostic value of DAAM?2.

In this study, for the first time, we reported on the influence

of DAAM on HCC progression and showed that DAAM2, but
not DAAM1, resulted in invasion and poor prognosis of HCC.
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Figure 3. DAAM?2 decreased VHL and up-regulated HIF-1a in a ubiquitin-dependent pathway. (A) Expressions of DAAM1 and DAAM2
in different HCC cell lines. (B) Cell proliferation (left) and invasion (right) were detected with MTT assay and transwell
assay, respectively, after silencing DAAM1 or DAAM2 expression by siRNA. DAAM1 was silenced in HepG2 while DAAM2
was knocked down in HuH7. N.s. represented not significant and ** meant P<0.01 compared with the control group.
(€) Representative images of HuH7 cells transfected with scrambled siRNA, siDAAM2-1 and siDAAM2-2 in transwell assay.
(D) Expression of VHL and HIF-1a was detected with Western blot 48 hr after knocking down DAAM1 or DAAM2. DAAM1 was
silenced in HepG2 while DAAM2 was knocked down in HuH7 (E). In HuH7 and HepG2, expression of VHL and HIF-1o was
detected 48 hr after transfection of empty vector or plasmid carrying DAAM2, in the presence or absence of 10 pM G132 for
6 hr. (F) In the 117 patients with HCC, patients with high DAAM2 expression had lower VHL IHC score and higher HIF-1a IHC

score.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
e924670-10 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Fang X. et al.:
Expression of DAAM family in HCC
© Med Sci Monit, 2020; 26: €924670

LAB/IN VITRO RESEARCH

159 M

—
o
1

Invasion ratio

o
[
1

Proliferation ratio

1B: HIFTa

1B: DAAM2

Invasion ratio

IB: actin

Control Vector DAAM2

DAAM2-+BAY 87-2243

DAAM2+MG132

Control Vector

Figure 4. HIF-1a was required in DAAM2-induced invasion of HCC. (A) MG132 (10uM) incubation for 6 hr had no influence on
proliferation of HuH7. Proliferation was assessed by MTT assay. (B) Invasion of HuH7 was detected after overexpressing
DAAM2. 10 pM MG132 or 10 uM HIF-1at inhibitor BAY87-2243 was used to incubate HuH7. ** Represented P<0.01 compared
with control group, and # represented P<0.01 between indicated groups. Analyzed data were from three independent
experiments. (C) Representative images in transwell assay of B. (D) Western blot showed that HIF-1a was knocked down
while DAAM2 was overexpressed in HuH7. (E) HIF-1o knockdown extensively decreased the DAAM2-induced invasion. The
invasion was detected with transwell assay. # Represented P<0.01 between indicated groups. (F) Representative images in

transwell assay of (E).

This is interesting because the functions of DAAM1 and DAAM?2
are almost the same although their expression is tissue-spe-
cific. Here we proved that DAAM1 and 2 are both expressed
in HCC, but their functions have remarkable different impact
on VHL expression and HCC invasion. This is an intriguing re-
sult, expanding the understanding of the DAAM family and
how they function in different tissues and tumors.

As a key Wnt effector, DAAM2 has been suggested to interact
with several proteins and influence Wnt downstream signal-
ing. For example, DAAM2-PIP5K interaction was a component
of a novel pathway regulating Wnt signaling and myelina-
tion [22]. Besides interacting with DVL in Wnt signal trans-
ducing, several other proteins reportedly interact with DAAM.
For example, DAAM acts downstream of PITX2 in the devel-
oping gut and is required for left/right asymmetry within the
dorsal mesentery [22]. In addition, there are other functions
of DAAM independent of the Wnt signal. A previous study re-
ported that DAAM2 could promote tumorigenesis of glioma

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

by driving the degradation of VHL [10]. Here we showed that
DAAM?2 decreased VHL expression and subsequently increased
HIF-1a, which was inconsistent with the previous study to
some extent. We expanded the understanding of DAAM2 as
an oncogene and revealed its role in HCC invasion. However,
several important and interesting issues were not resolved in
our study. For example, we do not know what differences be-
tween DAAM1 and DAAM2 result in their different functions
in regulating VHL or how DAAM?2 decreased VHL expression as
a Wnt effector but not an E3 ligase or transcription. We hope
our study will trigger more interest in these concerns and in
resolving more issues related to DAAM?2.

Until 2007, and the discovery of sorafenic, no targeted thera-
py was available for HCC Sorafenib is a multi-target tyrosine
kinase inhibitor with anti-angiogenic and anti-proliferative ef-
fects that prolongs median survival time for advanced-stage
HCC from 8 to 11 months. Recently, additional drugs such as
lenvatinib, regorafenib, cabozantinib, and ramucirumab have
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been proven effective for treatment of HCC [24-26]. However,
these drugs have a limited effect onextending survival and
the prognosis for HCC is still very poor. In our study, we con-
cluded that DAAM2, rather than DAAM1, promoted HCC inva-
sion and led to unfavorable prognosis by reducing VHL and
increasing HIF-1a expression. This finding points the way to
new horizons in targeted therapy for HCC. Though a specif-
ic inhibitor of DAAM2 has not been developed, use of a VHL
and HIF-1o antagonist may be a promising approach to treat-
ment of HCC in the future.
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Conclusions

For the first time, we demonstrated that DAAM2 was upreg-
ulated in HCC compared with normal liver tissues. DAAM?2,
rather than DAAM1, was shown to be a prognostic biomarker
of HCC predicting poor prognosis. DAAM2 decreased VHL ex-
pression and consequently upregulated HIF-1a in HCC cells.
HIF-1a was essentially required for DAAM2-induced invasion
of HCC. These results suggest that DAAM2 has an important
role in HCC progression and indicate that DAAM2 may be a
potential target for HCC treatment.
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