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Abstract
Hepatocellular carcinoma (HCC) is among the leading causes of cancer-related death. Despite the
advances in diagnosis and management of HCC, the biology of this tumor remains poorly
understood. Recent evidence highlighted long non-coding RNAs (lncRNAs) as crucial
determinants of HCC development. In this study, we report the lncRNA HOTTIP as significantly
up-regulated in HCC specimens. HOTTIP gene is located in physical contiguity with HOXA13
and directly controls the HOXA locus gene expression via interaction with the WDR5 / MLL
complex. HOX genes encode transcription factors regulating embryonic development and cell
fate. We previously described HOX genes deregulation to be involved in hepatocarcinogenesis.
Indeed, we observed the marked up-regulation of HOXA13 in HCC. Here, by correlating clinico-
pathological and expression data, we demonstrate that the levels of HOTTIP and HOXA13 are
associated with HCC patients’ clinical progression and predict disease outcome. In contrast to the
majority of similar studies, our data are obtained from snap-frozen needle HCC biopsies (n=52)
matched with their non-neoplastic counterparts collected from patients that had not yet received
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any HCC-tailored therapeutic treatments at the time of biopsy. In addition, taking advantage of
gain and loss of function experiments in liver cancer-derived cell lines (HuH-6 and HuH-7), we
uncover a novel bidirectional regulatory loop between HOTTIP / HOXA13. Conclusion: our study
highlights the key role of HOTTIP and HOXA13 in HCC development by associating their
expression to metastasis and survival in HCC patients, provides novel insights on the function of
lncRNA-driven hepatocarcinogenesis and paves the way for further investigation about the
possible role of HOTTIP as predictive biomarker of HCC.

Keywords
Hepatocellular carcinoma; lncRNAs; HOX genes; HOTTIP; HOXA13

INTRODUCTION
Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related death
worldwide and the principal cause of mortality among cirrhotic patients (1, 2). Unlike most
malignancies, mortality from liver cancer has increased significantly over the past 20 years
and epidemiologic evidence indicates that the medical and economic burden of liver cancer
will still increase significantly in Western populations during the next decades (1, 2). HCC
mostly arises in a cirrhotic liver (3) and around 70% of new cases worldwide (with a higher
prevalence in Eastern countries) are related to chronic infection with either Hepatitis B
(HBV) or C (HCV) virus (4, 5). Moreover, a constantly rising proportion of HCCs in
Western countries is ascribed to alcohol abuse and metabolic disorders (6, 7).
Hepatocarcinogenesis has often been described as a multi-step process involving a number
of genetic alterations eventually leading to the malignant transformation of the hepatocytes
(8). Despite significant advances in diagnosis and management (9), the biology of HCC
remains poorly understood mainly because of the complex genomic landscape of this tumor
type (9). Besides well-known molecular alterations involving regulatory pathways such as
Wnt/β-catenin, MAPK, p14ARF/p53, p16INK4A/Rb, transforming growth factor-β (TGF-β)
and PTEN/Akt (8, 10–13), recent evidence has identified additional key players in
hepatocarcinogenesis including: i) small non-coding RNAs (typically microRNAs) that
regulate the translation of liver-specific mRNAs (14); ii) long non-coding RNAs (lncRNAs),
mRNA-like polyadenylated transcripts ranging in length from 200 nucleotides up to ≈ 100
kb (kilobase) acting as molecular scaffold to organize and direct ribonucleoprotein (RNP)
complexes (15); iii) epigenetic alterations caused by the deregulation of the gene system
made of Polycomb (H3K27me3/H2AK119ub1), Trithorax (H3K4me3) and the Hox gene
network (10, 16–19). Class I homeobox genes (Hox in mouse, HOX in human) encode 39
transcription factors initially described as master regulators of embryonic development (20).
HOX genes represent the most repeat-poor-regions within the human genome (21) and
display a unique gene network organization (4 chromosomal loci containing 9 to 11 genes
aligned into 13 paralogous groups) (22, 23). During development, Hox gene expression
controls the identity of body regions according to the rules of spatio-temporal colinearity
(24). In adult tissues, Hox genes regulate tissue homeostasis and preserve the spatio-
temporal coordinates established during embryonic development (25). At the cellular level,
Hox genes regulate cell differentiation and are involved in neoplastic transformation (26).
We recently screened the entire HOX gene network expression levels in a series of liver
biopsies demonstrating that the HOXA locus represents the prevalent locus involved in
hepatocarcinogenesis (27). Within HOXA genes, we have identified HOXA13 as the most
up-regulated in HCC (27). HOXA13 is a marker of gut primordia posteriorization during
development, plays a crucial role in extra-embryonic vascularization (28) and is involved in
leukemogenesis (29).
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Up to date, 231 lncRNAs have been annotated within the 4 HOX loci (30). Among these
newly described ncRNAs, a lncRNA named HOTTIP (HOXA transcript at the distal tip)
located in physical contiguity (chr 7p15.2) with the HOXA13 gene has been recently
functionally characterized (31). Consistent with its genomic location 5’ to HOXA13,
HOTTIP is expressed from development to adulthood in lumbo-sacral anatomic regions
(31). Via interacting with the WDR5/MLL complex, HOTTIP is able to directly coordinate
and control the activation of several 5’ HOXA genes (31). The depletion of HOTTIP in mice
induces defects resembling HoxA11 (32, 33) and HoxA13 inactivation (34), suggesting the
in vivo control of HOXA genes expressed in lumbo-sacral regions by HOTTIP RNA.

In the present study, we elucidate the involvement of the lncRNA HOTTIP in HCC
tumorigenesis and further investigate the role of HOXA13 in this process. The correlation of
clinico-pathological and expression data obtained from HCC liver biopsies matched with
their non-neoplastic counterparts provides evidence that both HOTTIP and HOXA13 play a
major role in HCC being associated with disease progression and predicting patients’
clinical outcome. In addition, our results uncover a novel bidirectional regulatory loop
between HOTTIP and HOXA13 in liver cancer cells.

MATERIALS AND METHODS
Patient samples

All patients were recruited between 2002 and 2012 in the Hepatology Outpatient Clinic,
University Hospital of Basel, Switzerland. All patients gave written informed consent to the
study, which was approved by the Ethics Committee of the University Hospital of Basel
(EKKB). Patients’ specimens and related clinico-pathological data including complete
follow-up were obtained from the Institute of Pathology and from the Hepatology Outpatient
Clinic, University Hospital of Basel and are summarized in Table 1. No selection bias was
introduced in HCC samples collection for this study. Sex-distribution in our cohort reflects
the frequencies of our geographical region. All patients in this study met the following
criteria: HCC diagnosis was verified by pathological examination, no anti-cancer treatments
were given before biopsy collection and exhaustive clinical-pathologic and follow-up data
were available. Additional details are provided in the Supporting Information.

Relative expression of HOXA13 and HOTTIP by qRT-PCR
Quantitative reverse-transcription PCR (qRT-PCR) analysis to assess HOXA13 and
HOTTIP expression levels in collected specimens was performed as previously described
(27, 35). Additional details are provided in the Supporting Information.

Cell lines
Liver cancer-derived cell lines SNU182, SNU449, SNU423, SNU387, SNU475, SNU398,
Hep-G2, HEP3B, HEP3B-RT, PLC, WRL68, SK-HEP1, Hep40, HLF, FOCUS, 7703 and
the immortalized human normal liver cells THLE-2 and THLE-3 were derived from the cell
depository of the laboratory of experimental carcinogenesis (LEC) (Bethesda, MD, USA).
HuH-6, and HuH-7 were obtained from RIKEN Cell Bank (Ibaraki, Japan), and HLE,
HuH-1 and HLF from the Health Science Research Resources Bank (Osaka, JP). All cell
lines were maintained under the condition as recommended by the provider. Total RNAs
were extracted from cells at 75% confluence using the RNeasy Mini kit (Qiagen, Hilden,
DE).

Quagliata et al. Page 3

Hepatology. Author manuscript; available in PMC 2015 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



siRNA transfection and HOXA13 overexpression
HuH-6 and HuH-7 cells have been transfected as described by Wang et al., 2011 (31).
Additional information about the performed experiments is provided in the Supporting
Information.

Proliferation, Migration and Apoptosis assay
Cells proliferation was assayed using the xCELLigence system (Roche, Basel, CH) (36) and
Ki67 staining (37). Apoptotic levels have been evaluated using fluorescence activated cell
sorter (FACS). Migration has been assessed using in vitro scratch assay as described by
Liang et al, 2007 (38). Comprehensive information is given in the Supporting Information.

Statistical analysis
For statistical analysis, the Chi-square test (χ2 test) and Fisher's exact test for nonparametric
variables and Student’s t-test for parametric variables were used (two-tailed). Differences in
patient survival were assessed using the Kaplan–Meier method and analysed using the log-
rank test in univariate analysis. To assess the relative risk for each factor, univariate and
multivariate Cox regression analysis were performed. All tests were two-sided and p-values
<0.05 considered to be statistically significant. Cut-off scores to discriminate between High
and Low HOTTIP / HOXA13 expressing samples were selected by evaluating the receiver-
operating characteristic (ROC) curves. The point on the curve with the shortest distance to
the coordinate (0,1) was selected as the threshold value to classify cases as ‘positive/high-
expressing’ or ‘negative/low-expressing’ (39). Analysis was performed using the SPSS
software (IBM, New York, USA).

RESULTS
HOTTIP and HOXA13 are up-regulated in HCC

To investigate HOTTIP and HOXA13 expression levels in HCC, we performed qRT-PCR
analysis on total RNA extracted from 52 HCC liver needle biopsies and their matched non-
neoplastic counterpart. Clinico-pathological data of our HCC patients’ cohort are
summarized in Table 1. In addition, we evaluated HOTTIP and HOXA13 expression in 30
liver biopsies obtained from patients with non-neoplastic liver disease including: steatosis
(n=6), liver inflammation (total of n=6, of which n=2 drug induced liver hepatitis plus n=4
non-alcoholic steatohepatitis), alcohol and virus related cirrhosis (n=5), HCV infection
without signs of cirrhosis (n=4), HCV infection with signs of cirrhosis (n=5) and normal
liver donors (n=4). Using a larger cohort of HCC liver biopsies (n=52) with respect to our
previous study (n=12) (32), we confirm here that HOXA13 is significantly overexpressed in
HCC samples compared to their non-tumoral counterpart (Fig. 1A) and to non-neoplastic
liver disease specimens (Fig. 1B). In addition, we find that HOTTIP expression levels are
also increased in HCC samples compared to their non-tumoral counterpart (Fig. 1C) as well
as to non-neoplastic liver disease specimens (Fig. 1D). We observe increased HOTTIP
expression also in most of the evaluated non-neoplastic liver disease (20 out of 30 samples,
66.7%) except steatosis (Suppl. Fig. 1A). Conversely, none of the investigated non-
neoplastic liver disease samples is characterized by HOXA13 overexpression (Suppl. Fig.
1B). Etiological samples’ stratification reveals that alcohol-related and viral infection-
related (both HCV or HBV) HCCs present similar levels of HOTTIP (Suppl. Fig. 2). The
same is observed for HOXA13 (Suppl. Fig. 2). Spearman analyses performed using qRT-
PCR expression data indicate that HOTTIP and HOXA13 have a high correlation score both
in non-tumoral and HCC area (r: 0.786 and r: 0.874, respectively) (Fig. 1E-F). These results
suggest a potential interrelated role of HOTTIP and HOXA13 in HCC. No correlation
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between patient’s clinical features and HOTTIP or HOXA13 expression is found (Table 2)
beside metastasis and survival, as described in the next paragraph.

High HOTTIP and HOXA13 expression is associated with metastasis formation and poor
patient survival in HCC

To explore whether HOTTIP and HOXA13 expression levels determine the clinical
progression and outcome of HCC patients, we examined the incidence of metastasis and the
patient overall survival rates by using Kaplan-Maier analysis. The metastatic status was
defined as either regional lymph node invasion and/or distant organ involvement. Patients
with high HOTTIP / HOXA13 expression show increased metastasis formation (Fig. 2A)
and decreased overall survival (median of 11 versus 35 months for HOTTIP and 11 versus
42 months for HOXA13) (Fig. 2B-C), independently of whether they did or did not receive
any HCC-tailored therapeutic treatment. The same holds true for patients exposed to HCC-
tailored treatment (Suppl. Fig. 3). In addition, the univariate analysis of the overall survival
reveals multiple intrahepatic HCC foci and HOXA13 expression as prognostic indicators
(relative risk: 2.740, p=0.014 and relative risk: 2.181, p=0.050, respectively) (Suppl. Table
1). Multivariate analysis further identified HOXA13 expression as an independent
prognostic indicator (relative risk: 2.345, p=0.042) (Suppl. Table 1). These data outline
HOTTIP/HOXA13 as possible markers of clinical outcome in HCC patients.

HOTTIP / HOXA13 expression in human liver cancer-derived cell lines
HOTTIP and HOXA13 expression was further determined in twenty liver cancer-derived
cell lines by qRT-PCR (Fig. 3A). All liver cancer-derived cell lines showed higher HOTTIP
and HOXA13 levels than the non-tumoral liver cell lines THLE-2 and THLE-3. The
expression levels of HOTTIP and HOXA13 displayed a broad spectrum of variability with
10- to 100-fold expression change among the different tested cell lines. In accordance with
the results obtained from human samples, HOTTIP and HOXA13 expression data exhibited
a high correlation score (r: 0.670 - Spearman analysis) also in liver cancer-derived cell lines
(Fig. 3B).

HOTTIP regulates HOXA13 expression in HCC-derived cell lines
The siRNA-mediated knockdown of HOTTIP resulted in a clear reduction of HOXA13
expression in primary human fibroblast (31). To explore whether the same holds true in liver
cancer-derived cell lines, we silenced HOTTIP expression through siRNAs in HuH-6 and
HuH-7 cells. In HuH-6 cells, 48h post siRNA delivery, HOTTIP expression is reduced to
53.3% (Fig. 4A, siRNA#1 + siRNA#2). This also results in 42.3% reduction of HOXA13
levels (Fig. 4A, siRNA#1 + siRNA#2). In HuH-7 cells, 48h post siRNA delivery, HOTTIP
levels are reduced by 74.6% (Fig. 4B, siRNA#1 + siRNA#2). HOXA13 expression is as
well reduced by 45% (Fig. 4B). Next, we sought to evaluate the consequences of HOTTIP
knockdown on tumour cell physiology by evaluating cell proliferation, apoptosis and
migratory behaviour. Proliferation index measurement at 48h and 72h after siRNA delivery
in HuH-6 and HuH-7 cells shows a significant reduction in both cell lines as compared to
controls (Fig. 4C-D). These results are confirmed as well by using Ki67 staining as marker
of cell proliferation (Suppl. Fig. 4A-B). No difference in apoptotic levels (Fig. 4E-F) and in
cell migratory behaviour (Suppl. Fig. 5A-B) is observed in siRNA-treated cells versus
controls. We conclude that HOTTIP can regulate HOXA13 expression in liver cancer-
derived cells and that HOTTIP levels influence HCC cell proliferation rates.

HOXA13 knockdown reduces HOTTIP expression
To gain further insights into the regulation of the HOTTIP / HOXA13 gene axis in HCC, we
knocked down HOXA13 using siRNAs. In HuH-6 cells 48h post siRNA delivery, we
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observe a 73% reduction of HOXA13 levels (Fig. 5A siRNA#1 + siRNA#2). Interestingly,
HOTTIP expression is also reduced by 40% (Fig. 5A). The same observation is made for
single siRNA-mediated knockdown (Fig. 5A). As observed in HuH-6 cells, HOXA13
knockdown in HuH-7 cells results in up to 84% reduction of HOXA13 expression levels and
concomitant reduction by 43% of HOTTIP (Fig. 5B, siRNA#1 + siRNA#2). Effective
HOXA13 knockdown is confirmed at the protein level by western blotting (Suppl. Fig. 6A).
As for HOTTIP knockdown, HOXA13 knockdown causes a significant reduction of
proliferation both in HuH-6 and HuH-7 cells at 48h and 72h after siRNA delivery (Fig. 5C-
D). These results are confirmed using Ki67 staining (Suppl. Fig. 4C-D). No difference in
apoptotic levels (Fig. 5E-F) and in cell migratory behaviour (Suppl. Fig. 5C-D) is observed
in siRNA-treated cells versus controls.

In a parallel approach, we addressed the impact of HOXA13 overexpression on HOTTIP
levels in liver cancer-derived cell lines. Upon robust HOXA13 overexpression (Figure 6 A-
B), confirmed at the protein level by western blotting (Suppl. Fig. 6B), we could not detect
any significant (p: 0.16 in HuH-6 and p: 0.07 in HuH-7) increase of HOTTIP levels.
Nonetheless, cells overexpressing HOXA13 show no difference in cell migratory behaviour
(Suppl. Fig. 5E-F) but reduced proliferative index (Figure 6C-D and Suppl. Fig. 4E-F) and
higher apoptotic levels (Fig. 6E-F), thus suggesting that further increased HOXA13 levels in
liver cancer-derived cell lines might result in cell toxicity. Altogether, these results further
substantiate the presumptive role of HOTTIP and HOXA13 in HCC progression and add
new information supporting their interdependently regulated expression.

DISCUSSION
In this study we report that the lncRNA HOTTIP is significantly up-regulated in HCC
specimens. In addition, as previously described (27), we confirm the marked up-regulation
of HOXA13 in HCC. Our data indicate that the expression levels of these two genes
independently predict HCC tumor progression and disease outcome. Of note, our data were
obtained from snap-frozen needle biopsies samples collected from patients that did not
received any HCC-tailored therapeutic treatments prior to the biopsy. This increases the
value of our work in contrast to the majority of similar studies employing surgical resected
specimens often exposed to ischemic or therapy-induced damage.

The discovery of numerous non-coding RNA transcripts in humans has dramatically altered
our understanding of the biology of complex diseases such as cancer (15). Recent studies
have found that dysregulated expression of lncRNAs in solid cancer pinpoints the spectrum
of disease progression (40) and may independently predict patient outcome (41). Among the
first reported lncRNAs to be specifically up-regulated in HCC there was HULC (42). A
number of lncRNAs, such as MALAT1(43) and TUC338 (44), have been since described to
be involved in HCC disease development and progression (15, 43).

We previously reported HOXA13 to be significantly up-regulated in HCC(27). Since then, a
lncRNA, named HOTTIP, has been described to be located in physical contiguity to
HOXA13(31). Thus, we attempted to investigate the role of HOTTIP in
hepatocarcinogenesis. HOTTIP plays an important role in regulating gene expression
through chromatin modification similar to other lncRNAs like Xist (X-inactive specific
transcript) and HOTAIR (HOX transcript Antisense Intergenic RNA) (45). Xist and
HOTAIR interact with chromatin remodelling complexes to induce heterochromatin
formation in specific genomic loci leading to reduce target gene expression (41, 45).
HOTAIR hyper-expression was shown to act as an independent prognostic factor to predict
tumor recurrence in HCC patients after liver transplant (46). Once activated, HOTAIR is
capable of repressing in trans the expression of 5’ HOXD genes on chromosome 2q31-33 as
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well as the nearby located gene SATB2, whose target gene miR-31 is up-regulated in HCCs
(30, 47).

In contrast to Xist and HOTAIR, HOTTIP exhibits H3K4me3 and H3K27me3 bivalent
histone marks and is usually not transcribed (31). However, when transcribed, HOTTIP
RNA directly interacts with the Trithorax protein WDR5 inducing an open DNA-chromatin
configuration to target WDR5/MLL complexes driving histone H3 lysine 4 trimethylation
and thus regulating the transcription of 5’ end HOXA locus genes including HOXA13 (31).
We here provide further evidence supporting this proposed mechanism: we find that
HOTTIP and HOXA13 expression strongly positively correlate in HCC samples. In the
analysed specimens, high expression of HOTTIP is always coupled with increased HOXA13
levels and conversely low HOTTIP levels correlate with low HOXA13 expression.
Interestingly, even if to a lower extent, we observe HOTTIP up-regulation also in non-
neoplastic liver diseases such as in cirrhotic and HCV-infected cirrhotic liver. Higher
HOTTIP expression in non-neoplastic liver compared to non-tumoral area tissue is difficult
to explain merely on the basis of our data. However, considering that many samples among
the non-neoplastic liver tissues were characterized by cirrhosis with moderate to severe
inflammatory activity whereas non-tumoral samples displayed absence or a relative lesser
degree of inflammation, it is tempting to speculate that this could in part explain such
observation. On the other hand, a possible role of HOTTIP as an early predictive marker of
HCC development deserves further investigation. Conversely, no increased HOXA13 levels
are observed in the analysed non-neoplastic liver diseases, suggesting that HOXA13 up-
regulation is specific for HCC. Altogether, these data suggest that HOTTIP deregulation
might be an early step in hepatocarcinogenesis followed by HOXA13 during disease onset.
HOTTIP is similarly expressed in viral infection-related (both HCV and HBV) and non-viral
infection-related HCC patient samples. The same is observed for HOXA13, thus indicating
that their deregulation is not restricted to an etiological subgroup of patients, but rather
represents a common feature of HCCs.

In this study, the combination of clinico-pathological and expression data indicates that high
levels of HOTTIP / HOXA13 expression are associated with metastasis formation and
predict HCC patients’ clinical outcome. Our data are consistent with other studies
demonstrating that deregulated expression of lncRNAs correlates with poor outcome in
HCC patients (42, 48). For example, the overexpression of H19, encoding for a 2.3 kb
lncRNA playing an important role in genomic imprinting during development and among
the first lncRNAs to be described as involved in HCC (48), is linked to advanced tumor
stages and unfavourable disease outcome (49). However, differently to H19 data, we find
that the overexpression of HOTTIP is not significantly correlated to any of the clinical
features analysed, such as tumor or fibrosis grade, except for metastasis and survival.

As above-mentioned, pioneering work in the field demonstrated HOTTIP-targeted
regulation of HOXA13 expression (31). Primary human fibroblast manipulation via siRNAs
directed against HOTTIP RNA resulted in a concomitant reduction of HOXA13 levels (31).
In accordance, we observe HOXA13 downregulation upon siRNA-mediated knockdown of
HOTTIP in two different liver cancer-derived cell lines. Thus, the regulatory impact of
HOTTIP on the HOXA locus is preserved also during hepatocarcinogenesis. In addition, our
work uncovers a previously unknown regulatory loop between HOTTIP and its target
HOXA13. We observe that the knockdown of HOXA13 induces also a decrease in HOTTIP
expression. Conversely, forced HOXA13 overexpression has a marginal impact on HOTTIP
levels. We speculate that, as reported for ectopic HOTTIP expression driven by retroviral
insertion sites scattered randomly in the genome (31), merely ectopic HOXA13 expression
is not sufficient to promote HOTTIP / HOXA13 interaction. As well, it is conceivable that
the effect of HOXA13 overexpression on HOTTIP levels is masked as a consequence of cell
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toxicity caused by high levels of HOXA13. Indeed not surprisingly, we observe that further
forced HOXA13 overexpression results not only in reduced cell proliferation but also in
markedly increased apoptosis in liver cancer-derived cell lines.

Altogether these results highlight a tightly controlled bidirectional gene expression loop
regulating HOTTIP and HOXA13 levels. Of note, knocking down either HOTTIP or
HOXA13 results in reduced cell proliferation in the tested liver cancer-derived cell lines.
Our data further underline the importance of HOTTIP and HOXA13 in HCC progression,
providing direct evidence of their role in tumor cell growth. Our observation is in agreement
with previously published data demonstrating that forced reduction of HOXA13 expression
in esophageal squamous carcinoma cell lines also leads to reduced proliferation (50).
Overall the data we obtained from the gain or the loss of function experiments in vitro set
the rationale to perform additional work aiming to monitor in vivo tumour cell behaviour to
gather further insights into the role of HOTTIP and HOXA13 in hepatocarcinogenesis.

In conclusion, using a combination of human-derived data and in vitro approaches, our study
highlights the molecular axis comprising HOTTIP and HOXA13 as a key player in HCC
progression. Future work will validate HOTTIP as a predictive biomarker for HCC
development. A deeper characterization of the function and downstream signalling pathways
influenced by HOTTIP and HOXA13 deregulation may provide novel insights into the
mechanisms of hepatocarcinogenesis possibly leading to the development of new
therapeutic agents. Finally, this work further supports the importance of lncRNA-driven
hepatocarcinogenesis emphasizing the need to expand our knowledge about lncRNAs
function in liver diseases.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviation

HCC Hepatocellular carcinoma

HBV hepatitis B virus

HCV hepatitis C virus

lncRNA long non-coding RNA

HOTTIP HOXA transcript at the distal tip

RNP ribonucleoprotein

AFP α-fetoprotein

FACS Fluorescence Activated Cell Sorting
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Fig. 1.
Comparison of HOXA13 and HOTTIP expression in non-neoplastic liver samples and HCC
specimens. Total RNA was extracted from liver biopsies to assess gene expression levels by
qRT-PCR. (A-B) As we previously reported, expression data confirm HOXA13 up-
regulation in HCC samples compared to their matched non-tumoral counterpart (A) and to
non-neoplastic liver specimens (B). (C-D) HOTTIP is also up-regulated in HCC samples
compared to their matched non-tumoral counterpart (C) as well as to non-neoplastic liver
specimens (D). (E-F) Correlation scatter plot (Spearman test) of HOTTIP and HOXA13
expression in non-tumoral area (E) and HCC area (F) of tested biopsies. GAPDH has been
used as reference gene. *p: ≤ 0.05
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Fig. 2.
High HOTTIP and HOXA13 expression is associated with metastasis formation and predicts
poor HCC patients’ survival. (A) Patients developing metastasis present the highest
expression levels of HOTTIP and HOXA13. (B-C) Survival plots of 52 HCCs including
both untreated and HCC-treated patients analysed using the Kaplan-Maier method. ROC
analysis was used to discriminate between HIGH and LOW expressing samples. HIGH
HOTTIP and HOXA13 expression results in shorter patient survival. GAPDH has been used
as reference gene. *p: ≤ 0.05
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Fig. 3.
HOTTIP and HOXA13 expression levels in liver-cancer derived cell lines. (A) qRT-PCR
data reveal a broad spectrum of expression among the 20 tested cell lines. Non-tumoral liver
cell lines THLE-2 and THLE-3 display the lowest expression of both HOTTIP and
HOXA13. Data are presented as mean ± SEM. (B) Correlation scatter plot (Spearman test)
of HOTTIP and HOXA13 expression in liver-cancer derived cell lines. GAPDH has been
used as reference gene.
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Fig. 4.
Knockdown of HOTTIP results in decreased HOXA13 levels and impaired liver-cancer
derived cell lines proliferation. Cells were treated with two siRNAs targeting HOTTIP RNA
and adequate controls. (A-B) Efficiency of HOTTIP knockdown in HuH-6 (A) and HuH-7
(B) cells 48h after siRNA treatment. HOTTIP knockdown results in reduced HOXA13
expression. GAPDH has been used as reference gene. (C-D) Proliferation rate analysis of
HuH-6 (C) and HuH-7 (D) cells upon siRNA treatment reveals that HOTTIP knockdown
reduces cell proliferation. (E-F) 72h post siRNA treatment apoptotic index was analysed by
Fluorescence Activated Cell Sorting (FACS) revealing no increase in cell apoptosis upon
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HOTTIP knockdown in neither HuH-6 (E) nor HuH-7 (F) cells. Data are presented as mean
± SEM. *p: ≤ 0.05
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Fig. 5.
Knockdown of HOXA13 reduces HOTTIP levels and diminishes liver-cancer derived cell
lines proliferation. Cells were treated with two siRNAs targeting HOXA13 mRNA and
adequate controls. (A-B) Efficiency of HOXA13 knockdown in HuH-6(A) and HuH-7 (B)
cells 48h upon siRNA treatment. HOXA13 knock downed cells show reduced HOTTIP
expression. GAPDH has been used as reference gene. (C-D) Proliferation rate measurement
of HuH-6 (C) and HuH-7 (D) cells upon siRNA treatment reveals that HOXA13 knockdown
also reduces cell proliferation. (E-F) Apoptotic index analysis by FACS at 72h post siRNA
treatment reveals, as for HOTTIP knockdown, no increase in cell apoptosis upon HOXA13
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knockdown in neither HuH-6 (E) nor HuH-7 (F) cells. Data are presented as mean ± SEM.
*p: ≤ 0.05
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Fig. 6.
HOXA13 overexpression in liver cancer-derived cells has marginal effect on HOTTIP
levels. Cells were transfected with HOXA13-expression vector at two different
concentrations. Untreated and empty vector transfected cells (Neg CTRL) were used as
controls. (A-B) Efficiency of HOXA13 overexpression in HuH-6 (A) and HuH-7 (B) cells
48h upon plasmid transfection. Higher amount of transfected plasmid DNA/cells results in
more robust HOXA13 overexpression. HOXA13 increased levels only marginally influence
HOTTIP expression. GAPDH has been used as reference gene. (C-D) Proliferation rate
measurement of transfected HuH-6 (C) and HuH-7 (D) cells reveals that HOXA13
overexpression (2.50 µg DNA/10.000 cells) reduces cell proliferation. (E-F) Apoptotic index
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analysis by FACS performed at 72h post transfection reveals increased cell apoptosis in
HOXA13 overexpressing cells (2.50 µg DNA/10.000 cells). Lipofectamine transfection
using empty vector also has a marginal influence on cell apoptosis. Data are presented as
mean ± SEM. *p: ≤ 0.05
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Table 1

Clinico-pathological data of the HCC studied cohort.

Factors Frequency %

Age

<65 20 33.5

>65 32 61.5

Median (range) 70.5 (26–89)

Gender

Female 5 9.6

Male 47 90.4

Foci

Multifocal 30 57.7

Singular 20 38.5

No Data 2 3.8

AFP(>250 ng/ml)

Negative 36 69.2

Positive 13 25

No Data 3 5.8

Fibrosis grade

F0 1 1.9

F1 3 5.8

F2 2 3.8

F3 2 3.8

F4 4.3 82.7

No Data 1 1.9

Edmondson grade

2 37 712

3 13 25

4 2 3.8

Etiology

No Virus 30 57.7

Virus 22 42.3

Metastasis

No 40 76.9

Yes 12 23.1
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