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- ABSTRACT -

Influence of Preoperative Transcatheter Arterial
Chemoembolization on Gene Expression in the HIF-1α
Pathway in patients with Hepatocellular Carcinoma

Although transcatheter arterial chemoembolization (TACE) is the most common
treatment option in patients with hepatocellular carcinoma (HCC), its clinical benefits
remain still controversial. Since TACE induces hypoxic necrosis in tumors, hypoxiainducible factor 1α (HIF-1α) could critically affect biology in residual tumors after TACE
treatment and subsequent prognosis. However, HIF-1α and its prognostic relevance in TACE
have rarely been examined in human specimens. In the current study, we investigated the
prognosis and expression of genes regulated by HIF-1α in HCC patients receiving
preoperative TACE for the first time. In total, 35 patients with HCC (10 patients undergoing
preoperative TACE) were retrospectively studied. The prognostic significance of TACE was
analyzed using Kaplan-Meier and Cox regression models. Protein levels of HIF-1α and
mRNA levels of HIF-1α –associated genes were examined using immunohistochemistry
(IHC) and real-time RT-PCR, respectively. Preoperative TACE was significantly associated
with increased 2-year recurrence rate (80 vs. 36%, P=0.00402) and shorter disease-free
survival (DFS) time (11.9 vs. 35.7 months, p=0.0182). TACE was an independent prognostic
factor for recurrence (p=0.007) and poor DFS (p=0.010) in a multivariate analysis.
Immunohistochemical staining revealed in vivo activation of HIF-1α in human specimens
i

treated with TACE. Notably, protein levels of HIF-1α were significantly increased in TACE
tissues demonstrated by IHC. Transcriptional targets of HIF-1α showed mRNA expression
patterns consistent with activation of HIF-1α in TACE tissues. Our findings collectively
demonstrate that preoperative TACE confers poor prognosis in HCC patients through
activation of HIF-1α.

Key words: Hepatocellular carcinoma. Transcatheter arterial chemoembolization. Prognosis.
Hypoxia. Hypoxia-inducible factor-1α.
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I. INTRODUCTION

Hepatocellular carcinoma (HCC) is a major malignancy of the liver with high-incidence
and mortality rates worldwide (Llovet et al., 2003). Due to the complexity and heterogeneity
of hepatocarcinogenesis accompanying chronic liver disease, prognosis of HCC remains
poor. More than 80 % of HCC patients are diagnosed at an inoperable stage (Okuda et al.,
1985), and available treatment options are limited.
Transcatheter arterial chemoembolization (TACE) is a non-curative and the most
common treatment modality for HCC. TACE has been shown to improve survival and
effectively suppress tumor progression (Zhang et al., 2000). In contrast, other studies have
reported that TACE increases the recurrence rate and aggravates prognosis in HCC patients
(Harada et al., 1996; Lee et al., 2009). The principle of TACE is to block blood vessels
branching to the liver from arteries with lipiodol and/or chemo agents such as adriamycin,
leading to hypoxic tumor necrosis with the aim of maximizing anti-tumor effects. Due to the
limitation of TACE to stimulate angiogenesis by inducing hypoxia (Li et al., 2004; Wang et
al., 2008), combining TACE with anti-angiogenic therapeutics such as sorafenib has been
considered a promising strategy to improve clinical outcomes of HCC and several clinical
trials including the SPACE study have been conducted (Abou-Alfa, 2011). Thus, the precise
effects of TACE on tumor biology of HCC and its prognostic relevance need to be clarified.
Hypoxia is an inevitable feature of solid tumors during tumor progression. Tumor cells
experience hypoxia during natural growth (Semenza, 2003), or artificial manipulation to
block blood vessels, such as TACE (Bismuth et al., 1992). Although deprivation of oxygen
and nutrients could kill tumor cells, the surviving tumor cells or surrounding pre-neoplastic
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lesions under hypoxia gain an increased capability to survive and metastasize to other organs
(Maxwell et al., 1997). HIF-1α plays critical roles in cells upon oxygen deprivation. In
hypoxic conditions, HIF-1α is activated to regulate the transcription of downstream effectors
driving tumor angiogenesis and epithelial–mesenchymal transition (EMT) integrating cell
growth, invasion, motility, and loss of cell adhesion during metastatic cancer progression
(Maxwell et al., 1997; Semenza, 2012; Yang et al., 2008). As a prerequisite step for
successful dissemination of tumors from primary organs and subsequent colonization in
distant organs (Bastid, 2012), EMT has been closely associated with poor prognosis of HCC.
HIF-1α is responsible for hypoxia-induced EMT, which contributes to poor clinical
outcomes of HCC (Kim et al., 2010; Mima et al., 2013; Ogunwobi and Liu, 2012).
Additionally, elevated VEGF levels concomitant with increased angiogenesis in HCC
patients undergoing TACE are attributable to activation of HIF-1α signaling (Huang et al.,
2005; Wang et al., 2008). However, there is a lack of studies on relationship of expression of
HIF-1α and its associated EMT molecules to prognosis of HCC patients subjected to TACE
treatment.
In the current study, we investigated for the first time influence of TACE on
expression of HIF-1α and its target genes involved in EMT and their prognostic relevance in
HCC patients. Our findings provide molecular insights that should aid in improving
treatment and prognosis of HCC.

-2-

II. Materials and Methods

A. Materials
A total of 50 patients were randomized 1:1 to preoperative TACE or not before curative
resection for primary HCC in Ajou Medical Centers in South Korea. Among initial 25 HCC
patients undergoing preoperative TACE, we analyzed 10 patients who met inclusion criteria
of both the duration from TACE to resection within 50 days and one time of TACE. The
interval between TACE and surgery was an average of 26.4 ± 14.5 days ranging from 6 to
49 days. TACE tissues were taken from the viable portion of necrotic HCC tissues. All
tissues were obtained with informed consent from the patients, and the study protocol was
approved by the institutional review board. Table 1 summarizes the clinicopathological
characteristics of the 35 HCC patients studied in the current study. We used BCLC stage and
Edmondson and Steiner grade according to the traditional criteria (Patel et al., 2011;
Villanueva and Llovet, 2011).
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Table 1. Clinicopathological characteristics of HCC tissue.

NS not significant
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B. METHODS
1. TRANSCATHETER ARTERIAL CHEMOEMBOLIZATION
After the introduction of a selective catheter through the femoral artery using the
Seldinger technique, an angiographic survey of the abdominal vessels was performed. The
localization of the hepatic arteries was checked with celiac and mesenteric arteriography
using selective catheterization. This was performed to define vascular anatomy. Next,
indirect portography was performed to outline the portal circulation in the venous phase. A
catheter was placed in the celiac trunk and advanced beyond the gastroduodenal artery.
Depending on size, location, and arterial supply to the tumor, the tip of the catheter was
advanced further into the segmental arteries. For superselective embolization, an infusion
catheter was used. A 10 ml of iodized oil (Lipiodol Ultrafluide®, Laboratoire Andr Guerbet,
Aulnay-Sous-Bois, France) and 1 mg/kg of doxorubicin hydrochloride (ADM®, Dong-A
Pharm. Co. Ltd., Seoul, Korea) were mixed to be injected until stasis of the blood flow was
observed. When an initial blockade of tumor feeding artery was insufficient because of the
large tumor size or arterioportal shunting, an embolization was performed with gelatin
sponge particles (Cutanplast®, Mascia Brunelli Spa, Viale Monza, Italy). After embolization,
devascularization was confirmed with additional angiography of the hepatic artery.
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2. QUANTITATIVE REAL-TIME PCR
Quantitative real-time RT-PCR was carried out as previously described (Kwon et al.
2010). Total RNA was isolated from frozen tissues using an RNeasy mini kit (Qiagen, USA).
The RNA integrity was evaluated by a Bioanalyzer 2100 (Agilent Technologies, USA).
Reverse transcription reaction was carried out with 4 μg of total RNA and 2 μL of 10 μmol/L
oligo d(T)18 primer (Genotech, Korea) at 70 °C for 7 min and then cooled on ice for 5 min.
After adding the reverse transcriptase mixture to the primer-annealed total RNA, the reaction
was incubated for 90 min at 42 °C. Real-time PCR (ABI PRISM 7900HT, Applied
Biosystems, USA) was performed in a total volume of 10 μL (2 μL cDNA, 2 μL of 5 pmol/μ
primer, 1 μL of 1 pmol/μ probe, and 5 μL Taqman master mix) according to the following 3
steps: an initial denaturation step at 95 °C for 10 min, 45 cycles of denaturation step at 95 °C
for 15 s, and elongation step at 60 °C for 1 min. The primer and probe sequences were
designed using Primer Express 3.0 software (Applied Biosystems, USA), and all the probes
were labeled with FAM and TAMRA at the 5′ end and 3′ end, respectively. Primer and probe
sequences for RT-PCR are listed in Supplementary data. The mRNA levels of genes (the
threshold cycle, CT value) were measured in triplicate and then subjected to normalization
with five reference genes (B2M, GAPDH, HMBS, HPRT1, and SDHA) by subtracting the
average values of the mRNA levels of the reference genes as an internal control (Yang and
Roberts, 2010).

-6-

3. IMMUNOHISTOCHEMICAL STAINING OF HIF-1α
Immunohistochemical staining was done on 4-μm-thick, formalin-fixed, paraffinembedded tissue sections. Tissue sections were deparaffinized in xylene for 15 min and then
rehydrated. Antigen retrieval was performed by boiling in Tris–EDTA buffer (pH 9.0) for 5
min. Slides were then incubated with anti-human HIF-1α mouse monoclonal antibody
(Novus, USA) for 1 h at room temperature. The antigen–antibody reaction was detected
using the DAKO REAL Detection System (LSAB+, USA) K5001 (DAKO, USA). All the
immunohistochemically stained sections were evaluated in a semiquantitative fashion by two
pathologists as previously described (Kwon et al., 2010). The HIF-1α expression was
evaluated in 10 high-power fields (400×). Intensities were classified as 0 (negative staining),
1 (<5 % of samples stained), 2 (<25 % of samples stained), 3 (25–50 % of samples stained),
and 4 (more than 50 % of samples stained).
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4. STATISTICAL ANALYSIS
All statistical analyses were performed with the open source statistical program R.
The Cox proportional hazard regression model was used to assess prognostic significance of
TACE for recurrence and disease-free survival (DFS). Kaplan–Meier survival curves were
plotted using tumor recurrence (defined as the first appearance of a tumor at any site
following definitive treatment) or death as the end points. The significant differences in
recurrence curve or DFS curves were examined by log-rank test. 2−ΔCt values of each gene
were shown in box and whisker plot, and their significant differences between TACE and
non-TACE tissues were evaluated by a Student’s t test. Distribution of clinicopathologic
values in TACE and non-TACE tissues was evaluated using χ2 and Fisher’s exact test. A P
value <0.05 was considered statistically significant in this study.
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III. RESULTS
Clinicopathological characteristics of 35 HCC patients at diagnosis were cataloged
(Table 1). To exclude the effects of clinical parameters during studies on the influence of
preoperative TACE on expression of genes involved in the HIF-1α pathway, chi-square and
Fisher’s exact tests were performed. There were no significant differences in
clinicopathological features between patients in TACE and non-TACE groups.
The effects of preoperative TA CE on recurrence and survival were investigated using
Kaplan–Meier survival curves. At a follow-up time of 2-years, 80 % (8/10) of the HCC
patients in the TA CE group displayed recurrence, whereas recurrence rate of the non-TA CE
group was 36 % (9/25) (P = 0.00402; Fig. 1a). For DFS, median survival times were 11.9
months (2.1–52.2 months) and 35.7 months (1.7–136.9 months) in TACE and non-TACE
groups, respectively (P = 0.0182; Fig. 1b). In contrast, the differences in overall survival
time between TACE and non-TACE groups were not significant (data not shown). To
confirm the prognostic significance of TACE, the Cox regression analysis was performed. In
a univariate Cox regression analysis, high Edmondson grade (P = 0.022), large tumor size (P
= 0.017), and vascular invasion (P = 0.027) were associated with recurrence and TACE
treatment before hepatectomy was a statistically significant risk factor for earlier recurrence
in HCC patients (P = 0.007). For DFS, TACE was a poor prognostic factor along with
vascular invasion (vascular invasion, P = 0.051; TACE, P = 0.024) (Table 2). A multivariate
Cox model demonstrated that TACE was the strongest independent poor prognostic factor
for recurrence (P = 0.007), as vascular invasion was shown to have borderline significance
(P = 0.054). For DFS, both TACE (P = 0.010) and vascular invasion (P = 0.041) were found
to be independent poor prognostic factors (Table 3).
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Fig. 1. Kaplan-Meier curves for cumulative recurrence rate and DFS of patients.
Cumulative recurrence rate and Kaplan-Meier curves for DFS of patients who received
preoperative TACE and did not (non-TACE). a Patients treated with TACE had a
significantly higher recurrence rate compared to a non-TACE group (p=0.00402). b A
significantly shorter time for DFS observed in patients with TACE than in non-TACE group
(p=0.0182). Thin lines, patients received preoperative TACE (n=10); Broken lines, patients
received only hepatectomy (n=25).
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Table 2. Univariate Cox regression analysis for recurrence and DFS

Bold values indicate P < 0.05
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Table 3. Multivariate Cox regression analysis for recurrence and DFS

Bold values indicate P < 0.05
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Since HIF-1α is activated through protein stabilization via reduced proteasomal
degradation under hypoxic conditions, the protein was subjected to immunohistochemcal
analysis in 35 HCC tissues. Immunostaining revealed that the average intensity of nuclear
and cytosolic HIF-1α was higher in TACE than non-TACE tissues and their differences were
statistically significant. (1.96 vs. 2.89, P = 0.0158; Fig. 2a). Fig. 2b represents moderate and
weak intensities of HIF-1α expressed in non-TACE tissues (a and b, respectively) and strong
expression of HIF-1α in TA CE tissues (c).
To investigate the influence of TACE on tumor biology, mRNA levels of HIF-1α
target genes associated with EMT were measured using real-time RT-PCR (Fig. 3). The
TACE group expressed lower levels of CDH1, a HIF-1α-regulated epithelial marker than the
non-TACE group (P = 0.0003; Fig. 3d). Conversely, mRNA expression HIF-1α-regulated
mesenchymal markers, such as MMP9, Twist1, and vimentin was slightly higher in TACE
tissues compared to non-TACE tissues, but their differences were not statistically significant
(P = 0.8140, P = 0.4586, and P = 0.3988; Fig. 3e–g). Additional mesenchymal genes TCF3
and ZEB1 were expressed at lower levels in the TACE compared to the non-TACE group (P
= 0.6866 and P = 0.0468; Fig. 3h, i).
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Fig. 2. Immunohistochemistry of HIF-1α in HCC tissues. A Box and whisker plot for HIF1α expression levels in HCC tissues receiving preoperative TACE or not, determined by IHC.
The box is marked by the first and third quartile with the median marked by a thick line. The
whiskers extend to the most extreme data point which is no more than 1.5 times the
interquartile range from the box. Statistically significant difference in HIF-1α protein
expression between TACE and non-TACE tissues was found (p=0.0158). B Representative
image of HIF-1α-positive samples at ×400magnification. Moderate (a) and weak (b) staining
or HIF-1α in non-TACE tissues; strong (e) staining of HIF-1α in a TACE tissues.
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Fig. 3. Box and whisker plot for mRNA levels of HIF-1α-associated genes. Box and
whisker plot for expression of CDH1 (a), MMP9 (b), TWIST1 (c), Vimentin (d), TCF3 (e),
and ZEB1 (f) in non-TACE and TACE tissues determined by real-time RT-PCR. The box is
marked by the first and third quartile with the median marked by a thick line. The whiskers
extend to the most extreme data point which is no more than 1.5 times the interquartile range
from the box.
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Ⅳ. DISCUSSION
TACE is the most frequently applied locoregional therapy to HCC patients in Korea. In
principle, TACE accompanied by tumor ischemia plays dual roles in the treatment of HCC.
Firstly, TACE induces tumor necrosis by exclusively closing off blood vessels from the
hepatic artery to HCC. In this case, TACE is effective for extension of patient survival.
However, TACE can promote tumor recurrence and metastasis when incomplete tumor
necrosis is triggered. Poor clinical outcomes resulting from TACE have raised questions
about potential tumor biology alterations triggered by TACE. Increased tumor angiogenesis
and invasiveness by TACE are found to be mediated by hypoxia signaling (Gupta et al.,
2006; Sergio et al., 2008), which has been effectively suppressed by anti-angiogenic therapy
(Jiang et al., 2007). In this respect, many types of clinical tests on combination therapy of
TACE with anti-angiogenic agents have been performed (Abou-Alfa, 2011; Lencioni, 2012).
Nevertheless, recent conflicting results from two clinical trials on combination of TACE plus
sorafenib (Abou-Alfa, 2011; Kudo et al., 2011; Pawlik et al., 2011) strongly imply the need
to study more detailed tumor biology in human specimens treated with TACE. Accordingly,
we explored the influence of preoperative TACE treatment on prognosis and status of HIF1α and its associated genes in human HCC specimens.
In current study, HCC patients subjected to preoperative TACE exhibited significantly
higher recurrence rates and shorter DFS, relative to the non-TACE group (Fig. 1).
Multivariate Cox model further indicated that TACE was an independent poor prognostic
factor for HCC (Table 3). These results are supported by previous reports demonstrating
poor prognosis in HCC patients treated with TACE before surgery (Choi et al., 2007; Kang
et al., 2010; Kishi et al., 2012; Sasaki et al., 2006; Zhou et al., 2009). Additionally, a
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negative effect of TACE was reported in a mouse xenograft model of TACE (Liu et al.,
2010). However, conflicting evidence has been reported with regard to the effects of
preoperative TACE on HCC prognosis. For instance, Giorgio and other groups demonstrated
that application of TACE before liver resection reduces HCC recurrence and improves DFS
(Gerunda et al., 2000; Han et al., 1999; Majno et al., 1997; Zhang et al., 2000). The
discrepancy in the prognostic effects of preoperative TACE may be attributed to differences
in tumor size, liver function, borderline resectability, number of TACE treatments, or various
TACE methodologies in each study. However, there is a general consensus supporting poor
prognosis owing to incomplete tumor necrosis by TACE. To elucidate mechanisms
underlying poor clinical outcomes after preoperative TACE in our institution, specimens
used in this study were selectively derived from viable portions of HCC after hepatic
resection within 50 days following only one time of TACE. Our findings confirm that
imperfect TACE treatment confers dismal prognosis in HCC patients after surgery. Protein
expression of HIF-1α remains low in normoxic conditions through VHL-mediated
ubiquitination and subsequent proteasomal degradation. When cells are subjected to hypoxic
conditions, VHL dissociates from HIF-1α leading to reduced ubiquitination and subsequent
stabilization of HIF-1α with concomitant heterodimerization with HIF-1β (Semenza, 2012).
Since HIF-1α is stabilized in hypoxia setting, we initially examined the effect of TACE on
HIF-1α protein expression using immunohistochemical staining. As expected, HIF-1α was
more strongly expressed in TACE, compared to non-TACE tissues (Fig. 2). Consistently,
stabilization of HIF-1α has been previously reported in animal tissues subjected to TACE
treatment (Liu et al., 2010; Rhee et al., 2007). Therefore, our results clearly demonstrated the
activation of HIF-1α in tissues of HCC patients undergoing TACE. HIF-1α activates
- 17 -

transcription of genes involved in EMT. Hypoxic cells undergo EMT accompanied by loss
of epithelial markers and gain of mesenchymal markers through HIF-1α activation. These
gene expression changes confer increased tumor aggressiveness, invasiveness, and metastatic
potentials to EMT cells (Semenza, 2012). Based on this background, clinical outcomes of
TACE could be affected by expression of EMT genes concomitant with HIF-1α activation,
but it has been rarely studied in patient tissues. In our results, CDH1 which is a repressive
target of HIF-1α and one of epithelial markers (Krishnamachary et al., 2006) was
dramatically down-regulated in tissues treated with TACE (Fig. 3d). MMP9, Twist1, and
vimentin, mesenchymal markers and transcriptional target genes of HIF-1α known to
increase upon hypoxia (Choi et al., 2011; Liu et al., 2010, 2012), were up-regulated in TACE
tissues (Fig. 3e–g). However, mRNA expression of TCF3 and ZEB1 were down-regulated in
a conflict with previous reports showing induction of TCF3 and ZEB1 by HIF-1α
(Krishnamachary et al., 2006) (Fig. 3h, i). Considering that most of well-known target genes
were expressed consistently with activation of HIF-1α in TACE tissues and that the tested
samples were chosen with inclusion criteria within 50 days after TACE to exclude effects of
HIF-1α signaling recovery from hypoxia upon TACE treatment, it may be ascribed to the
small number of samples or regulation of TCF3 and ZEB1 by other unknown factors in
complex physiological conditions of TACE.
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Ⅴ. CONCLUSION
In conclusion, preoperative TACE treatment is a poor prognostic factor in HCC
patients. Additionally, the biological effects of TACE are associated with HIF-1α activation
and expression changes in downstream genes. Our data collectively suggest that preoperative
TACE confers poor prognosis via alterations in gene expression patterns in the HIF-1α
pathway. Additionally, our results confirm previous reports showing activation of hypoxia
signaling upon TACE treatment and support current strategy targeting tumor biology by
combining TACE and anti-angiogenic therapy for HCC treatment. The molecular evidence
obtained in this study can be effectively applied to guide treatment options for HCC.
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- 국문요약 -

수술 전 경동맥색전술을 시행 받은 간세포암 환자들에서 HIF1α에 관련된 유전자들의 다양한 표현경로에 대한 분석

아주대학교 대학원 의학과
허 위 광
(지도교수: 왕 희 정)

간세포암의

치료에서

경동맥색전술이

아주

흔한

치료방법이지만

그

임상적인 효과에 대해 아직도 논쟁은 많다. 경동맥색전술은 저산소로 인한
종양의

괴사를

유발하지만

hypoxia-inducible

factor

1α(HIF-1α)는

남아있는 종양의 생물학적 특성에 영향을 주며 따라서 치료예후에도 영향을
주게 된다. HIF-1α와 그에 관련된 경동맥색전술의 예후의 연관성에 대한
연구는 인체조직에서 거의 진행되지 않았다. 저자들의 연구에서는, 수술 전
경동맥색전술을 시행 받은 간세포암환자들에서 HIF-1α의 유전자의 표현과
예후에 미치는 영향을 연구하였다. 전체 35 예의 간세포암환자에서(이중에
10 예의 수술 전 경동맥색전술을 시행 받은 환자를 포함) 후향적인 연구를
진행하였다. 경동맥색전술의 예후에 관하여 Kaplan-Meier and Cox regression
models 을 사용하여 분석하였다. HIF-1α의 단백질 수준과 HIF-1α에 관련된
유전자의 mRNA 의 발현량은 각각 면역조직화학검사(IHC)와 Real-time RTPCR 을 이용하여 조사하였다. 수술 전 경동맥색전술을 시행 받은 간세포암
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환자들에서 2 년 재발율은 유의하게 높았고(80 vs. 36%, P=0.00402),
무재발생존기간도 짧았다(11.9 vs. 35.7 months, p=0.0182). 경동맥색전술은
재발에

관련하여

독립적은

예후인자이며(p=0.007),

다변량분석에서

낮은

무재발생율을 보여줬다(p=0.010). 경동맥색전술을 시행 받은 인체조직에서
면역조직화학검사방법으로 HIF-1α에 관련하여 염색을 진행하였다. 그 결과,
HIF-1α의

단백질

수준이

경동맥색전술을 시행

받은 조직에서

유의하게

증가하였다. 경동맥색전술을 시행 받은 조직에서 HIF-1α에 관련된 유전자들의
mRNA 의 발현양상이 HIF-1α의 활성과 일치하였다. 저자들의 연구결과에
따르면 수술 전 경동맥색전술을 시행 받은 간세포암 환자들은 HIF-1α의
활성으로 인하여 낮은 생존율을 보여주었다.

핵심어: 간세포암. 경동맥색전술. 예후. 저산소. Hypoxia-inducible factor-1α.
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