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Impact statement Abstract

Head and neck squamous cell carcinoma
(HNSCC) has been increased rapidly in
China. New biomarkers are thus much
needed to better predict tumor recurrence
and prognosis. Previous studies have
suggested that RUNX1 functions in mam-
malian hematopoietic development, thus
regulating translocation-mediated leuke-
mia. In this study, we demonstrate that
RUNXT1 could be used as a sensitive bio-
marker for tumor recurrence and prognosis
in HNSCC patients.

Runt-related transcription factors regulate many developmental processes such as prolif-
eration and differentiation. In this study, the function of the runt-related transcription factor 1
(RUNXT1) was investigated in head and neck squamous cell carcinoma (HNSCC). Our results
show that RUNX1 expression was elevated in HNSCC patients, which was greatly corre-
lated with the N stage, tumor size, and American Joint Committee on Cancer stage. Cox
proportional hazard models showed that RUNX1 could be used as a prognostic indicator for
the overall survival of HNSCC patients (hazard ratio, 5.572; 95% confidence interval, 1.860-
9.963; P <0.001). Moreover, suppression of RUNX1 inhibited HNSCC cell proliferation,
migration, and invasion. Using the HNSCC xenograft nude mouse model, we found that

the shRUNX1-transfected tumor (sh-RUNX1) was significantly smaller both in size and weight than the control vector-transfected
tumor (sh-Control). In conclusion, our results show that the elevated RUNX1 expression was correlated with tumor growth and
metastasis in HNSCC, indicating that RUNX1 could be used as a biomarker for tumor recurrence and prognosis.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) is a col-
lective of cancer found in many locations, including larynx,
pharynx, and oral cavity, which accounts for approximately
3% of annual cancer incidence worldwide." Although many
new therapeutic improvements have been proposed for treat-
ing HNSCC, the long-term survival rate remains low due to
the recurrence of tumor and metastasis.”> To develop new
treatments toward HNSCC, many efforts have been devoted
to the molecular mechanisms of HNSCC progression.
Runt-related transcription factors (RUNXs)** regulate
many developmental processes, such as cell proliferation
and apoptosis.” Among the RUNXs, RUNX1 has been exten-
sively investigated, which has been found to function in the
generation of hematopoietic stem cells.*” RUNX1 has recently
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been shown to regulate transcription by binding to core bind-
ing factor (CBFB).® This RUNX1/CBFf complex activates or
represses the transcription of many important regulatory fac-
tors of cell survival, proliferation, or differentiation.’ More
importantly, RUNX1 plays important roles in the regulation
of mammalian hematopoietic development and may function
in translocation-mediated leukemia.'"! Transcription factors
not only regulate signaling pathways involved in a variety of
physiological processes but also function in tumorigenesis in
epithelial cancers.'” Aberrant over-expression of RUNX1 has
been observed in cancers, including epithelial ovarian carci-
noma, glioma, and lung cancer.”®> However, the role of
RUNX1 in HNSCC has yet to be understood.

Based on previous studies of RUNX1, we hypothesized
that RUNX1 is a key player in regulating HNSCC develop-
ment and progression. In this study, we evaluated RUNX1
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expression in HNSCC specimens and its clinical signifi-
cance. Furthermore, we examined its effects on prolifera-
tion, migration, and invasion of HNSCC.

Materials and methods

Patient

The retrospective study included 80 HNSCC patients
admitted to the Affiliated Hospital of Qingdao University
between 2012 and 2014. The patients were histologically
examined by two independent pathologists, and the path-
ological stages were confirmed according to the guidance
by the American Joint Committee on Cancer (AJCC). The
specimens were collected with the patients” consent, and
the procedures were performed under the guidance by the
Independent Ethics Committee of the Affiliated Hospital of
Qingdao University.

Cell lines

The SCC25 and CAL27 cells were obtained from
Shanghai Ninth People’s Hospital. The cells were incubat-
ed at 37°C using the Dulbecco’s Modified Eagle Media/
F12 (DMEM/F12) medium with 10% fetal bovine serum
(Gibco, USA).

Analysis of RUNX1 expression in published datasets

Data from the Ginos cohort were processed as described
previously. The messenger ribonucleic acid (mRNA) and
clinical data were acquired from the Oncomine Research
Edition for Cancer Genomics (https://www.oncomine.
org/).!® The Cancer Genome Atlas (TCGA) data were
acquired from the Cancer Genome Atlas Program
(https:/ /tcga-data.nci.nih.gov/tcga/), which contain the
mRNA profiles from 44 normal and 497 HNHCC primary
tumor samples. The mRNA profiles from the oral cavity
squamous cell carcinoma with lymph node metastasis
were processed by the ScanGEO program (http://scan
geo.dartmouth.edu/ScanGEO/), which comprised the
expression profiles of 18 oral cavity squamous cell carcino-
mas without or with lymph node metastasis (Gene
Expression Omnibus [GEOJ; GDS1062)."” The raw data
can be accessed via the GEO.

Quantitative real-time polymerase chain
reaction (qPCR)

The total RNA was isolated with the TRIzol reagent
(TaKaRa, Shiga, Japan). The complementary deoxyribonu-
cleic acid was prepared, and the mRNA transcripts were
analyzed by an Applied Biosystems 7900 (ABI 7900) (Foster
City, CA). The relative expression was normalized to that of
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
with the following primers: GAPDH: sense 5-AGAAG
GCTGGGGCTCATTTG-3, antisense 5-AGGGGCCATCC
ACAGTCITC-3'; RUNX1: sense 5-CTGTGATGGCTGGC
AATGAT-3, antisense 5-TCTTCCACTTCGACCGACAA-3'.
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Western blot

The proteins of the HNSCC cells were extracted using a
radioimmunoprecipitation assay kit by Thermo Scientific,
Rockford, IL, USA. The proteins were separated and trans-
ferred to a polyvinylidene fluoride membrane according to
the Western blot protocol. The primary antibodies were
B-actin (1:1000, Sigma) and RUNX1 (1:800, CST, Danvers,
MA, USA).

Immunohistochemistry staining

Immunohistochemistry (IHC) staining was conducted
using the primary antibodies against RUNX1 (1:200, CST)
or N-cadherin (1:150, Abcam). The tissues were incubated
with the Horseradish peroxidase-conjugated secondary
antibody (Genetech, Shanghai, China). For RUNX1, the
specimens were grouped into two groups according to
the tumor cell percentages, including the low expression
group (<46%) and the high expression group (>46%). For
N-cadherin, the staining intensity (SI) was scored from 0 to
3 (from weak to strong), and the staining extent (SE) was
scored as 0 (0%), 1 (1-25%), 2 (26-50%), 3 (51-75%), or 4 (76~
100%). The overall staining score was obtained using the SI
score and SE score, based on which the specimens were
classed into two groups as follows: low expression (<7)
and high expression (>7).

RUNX1 short hairpin ribonucleic acid interference and
transfection

The short hairpin ribonucleic acid (shRNA) plasmid for
RUNXI1 was obtained from Genechem (Shanghai, China).
The shRNA duplex sequences targeting RUNX1 (sh-
RUNX1) include forward 5-GATCCGTGCTCAACTCCC
AACAAAC TTCAAGAGAGTTTGTTGGGAGTTGAGCA
TTTTTTG-3' and reverse 5-AATTCAAAAAATGCTC
AACTCCCAACAAACTCTICTTGAAGTTTGTTGGGAGT
TGAGCACG-3'. The shRNA target sequence for the nega-
tive control vector (sh-Control) was 5-GAAGCAGCA
CGACTTCTTC-3'. For the selection of stable cell
lines, 5 x 10* HNSCC cells were transfected with viral par-
ticles (5x10° transducing units/mL) for another 8h.
The stable cells expressing RUNX1 shRNA and control
shRNA were selected by puromycin for seven days after
transduction.

Cell counting kit-8 and colony formation assays

A total of 8L cell counting kit-8 (CCK-8) was added to
1 x 10* HNSCC cells cultured for 12, 24, 36, or 48 h, which
were then incubated for another 2 h. The cells were counted
by measuring the absorbance at 450 nm. For plate colony
formation assays, 5 x 10%> HNSCC cells were cultured for
12 days, and then the colonies were counted after fixed
and stained with the Giemsa stain solution.

Scratch assays

The HNSCC cells achieving 80% confluence were scratched
and cultured with serum-free DMEM/F12 with 10 pg/mL
mitomycin-C (Sangon, Shanghai, China) for 24 h. Then, the
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wound was examined using an Olympus fluorescence
microscope (Japan).

Matrigel invasion assays

A total of 1x 10° transfected cells were incubated in the
upper chambers precoated with 200 uL. Matrigel in the
cell invasion assay, and a total of 600uL DMEM/F12
were placed in the lower chambers. The non-invasive
cells were gently removed and the other cells were stained
with crystal violet dye (0.1%). The cells were counted under
an inverted microscope using six randomly selected
locations.

HNSCC xenograft nude mouse model

The BALB/c nude mice (Shanghai Laboratory Animal
Center) were divided into two groups. In the control
group, 100 uL. 5 x 10° sh-Control HNSCC cells were subcu-
taneously injected into the flank region of the mice (n =8).
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The mice in the other group (n=28) were injected with
equivalent sh-RUNX1 HNSCC cells. After five weeks, the
mice were sacrificed by cervical dislocation after being
anesthetized intraperitoneally with 4% chloral hydrate.
The tumors were removed, and the volumes were obtained
by the formula: volume (m°) =1/2 length x width2.
The procedures were approved by the Institutional
Animal Care and Use Committee of the Affiliated
Hospital of Qingdao University (approval number:
2019030602). The tumor burden did not exceed the recom-
mended dimensions.

Statistical analyses

The pair-wise differences were determined by two-
tailed Student’s t-test SPSS 19.0 (Chicago, IL). The rela-
tionship between RUNX1 and N-cadherin expression
with  clinicopathological ~parameters was analyzed
using Chi-square tests. Multivariate analysis and the
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Figure 1. RUNX1 in human HNSCC specimen. (a) RUNX1, RUNX2, and RUNX3 in 13 normal buccal mucosa and 41 HNSCC. The data and P values were obtained
from the Ginos cohort in ONCOMINE database. (b) RUNX1 in 44 normal and 497 different grades of HNSCC. The data and P values were obtained from the TCGA
database. (c) RUNX1 in 30 HNSCC and adjacent normal tissues were determined by real-time gPCR. (A color version of this figure is available in the online journal.)
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Figure 2. Immunohistochemical staining of N-cadherin and RUNX1 in HNSCC. The expression of RUNX1 (a-c) and N-cadherin (d—f) in HNSCC tissues and adjacent
noncancerous tissues was examined by immunohistochemical staining (200 x magnification for RUNX1 staining and 100x for N-cadherin staining). (A color version of
this figure is available in the online journal.)

Table 1. Relationship clinicopathologic parameters and RUNX1 and N-cadherin expression (n = 80).

RUNX1 expression N-cadherin expression
Parameters Total Low (29) High (51) P value* Low (32) High (48) P value*
Age 0.244 0.246
<60 32 9 23 10 22
>60 48 20 28 22 26
Gender 0.452 0.461
Male 55 18 37 24 31
Female 25 11 14 8 17
Location 0.153 0.675
Tongue 33 10 23 15 18
Gingiva 29 9 20 10 19
Other 18 10 8 7 11
T stage 0.019* 0.072
T1+T2 35 18 17 10 25
T3+T4 45 11 34 22 23
N stage 0.036* <0.001*
NO 42 20 22 25 17
N1+ N2 38 9 29 7 31
AJCC stage 0.021* 0.001*
I+ 44 21 23 25 19
n-+1v 36 8 28 7 29
Differentiation 0.314 0.51
Well + moderate 70 27 43 27 43
Poor 10 2 8 5 5

*P values are based on Chi-square or Fisher’s exact test. P < 0.05 indicates a significant association among the parameters.



542 Experimental Biology and Medicine Volume 246 March 2021

compared with that of RUNX2 and RUNX3 (Figure 1(a)). In
addition, compared with the normal tissue, RUNX1 showed
high expression in HNSCC as shown in the TCGA data set,
and the RUNXI1 expression was increased in a tumor grade-
dependent manner (Figure 1(b)). Among 30 paired HNSCC
cases, 17 (56.7%, P < 0.01) HNSCC tissues showed a more
than 2-fold increase compared with normal tissues (Figure 1
(c)), indicating that RUNX1 expression is commonly elevated
in human HNSCC.

Correlation between RUNX1 expression and HNSCC
clinicopathologic parameters

The expression of RUNX1 was detected in 80 primary
HNSCC tissues using IHC, among which only 29 (36.3%)
showed low RUNXI expression (Figure 2(b) and (c) and
Table 1). RUNX1 showed no obvious expression in adjacent
tissues (Figure 2(a)). As shown in Table 1, the expression of
RUNXT1 is correlated with AJCC stage, N stage, and T stage.

Table 2. The association between RUNX1 and N-cadherin expression.

N-cadherin expression

Tissue sample Low High P value r
RUNX1 low 19 10 <0.001* 0.393
RUNX1 high 13 38

*P values are based on Spearman’s correlation coefficient test. P < 0.05 indi-
cates a significant association among the parameters.

N-cadherin is critical to metastasis of tumor cells, and thus
we analyzed the relationship between N-cadherin and
RUNX1, which showed that the elevated expression of N-
cadherin was correlated with N stage and AJCC stage of
HNSCC (Figure 2(e) and (f) and Table 1). A positive
correlation was observed between N-cadherin and RUNX1
(P <0.001, Table 2). These observations suggest that RUNX1
and N-cadherin are correlated with HNSCC progression.

Correlation of RUNX1 expression and clinical outcomes
of HNSCC

We then assessed the correlation between the OS rates of
HNSCC patients and the expression of RUNX1 or N-cad-
herin, which showed that patients with high RUNX1 and
N-cadherin expression had low OS rates (P=0.009 and
P=0.012, respectively) compared with those with low
expression of these factors (Figure 3(a) and (b)). We also
found that the OS rates were low in tumors exhibiting low
expression levels of both RUNX1 and N-cadherin (P =0.002)
(Figure 3(c)). These results demonstrated that the elevated
expression of RUNX1 could be used as an independent
prognostic factor for HNSCC (P < 0.001, Table 3).

Knockdown of RUNX1 expression suppresses HNSCC
cell proliferation

Western blot analysis confirmed that the RUNX1 expres-
sion was significantly decreased in the knockdown cells
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Figure 3. Kaplan-Meier analysis of HNSCC patient survival. The OS rates of patients on the basis of the immunohistochemical RUNX1 (a) and N-cadherin (b). (c) The
OS rate is negatively correlated with the expression level of RUNX1 and N-cadherin.

Table 3. Multivariate Cox proportional hazard models for overall survival.

Overall survival

Variable HR (95% CI) P value
T stage (T1+T2 vs. T3+T4) 1.73 (1.09-4.01) 0.273

N stage (NO vs. N1+ N2) 7.241 (2.083-18.640) <0.001*
AJCC stage (I+ 11 vs. I 4-1V) 3.879 (1.792-6.652) 0.012*

Differentiation (well vs. moderate + poor) 7.519 (3.854-14.302) <0.001*
RUNX1 (low vs. high) 5.572 (1.860-9.963) <0.001*
RUNX1/ N-cadherin (both low vs. both high) 8.271 (3.082-13.553) <0.001*

HR, hazard ratio; Cl, confidence interval; P values are based on Likelihood Ratio test.

*P < 0.05 indicates significant difference.
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(Figure 4(a)). Plate colony formation assays suggested that
RUNX1 knockdown significantly inhibited cell clonogenic-
ity (P <0.01, Figure 4(b)). In addition, cell growth was sig-
nificantly inhibited after RUNX1 knockdown (P < 0.05,
Figure 4(c)) as shown in the CCK-8 assay, indicating that
RUNX1 could promote HNSCC cell proliferation.

RUNX1 knockdown on HNSCC cell migration and
invasion

Since RUNX1 is linked to lymph node metastasis in
HNSCC, the function of RUNX1 on cell migration and inva-
sion was further investigated by scratch assays using
SCC25 and CAL27 cells (Figure 5(a)). Matrigel invasion
assays demonstrated that knockdown of RUNXI1 resulted
in a significantly lower invasive ability (P < 0.01, Figure 5
(b)). In the O'Donnel clinical cohort, expression of RUNX1
was increased in lymph node metastasis and HNSCC
metastasis samples compared with non-metastatic samples
(P=0.001, Figure 5(c)). These results support that HNSCC
cell migration and invasion may be potently dampened by
RUNX1 knockdown.

RUNX1 knockdown represses HNSCC
progression in vivo

The effect of RUNX1 on HNSCC progression was evaluated
by RUNX1 knockdown using sh-RUNX1 and sh-Control.
The experimental scheme is shown in Figure 6(a). As
shown in Figure 6(b)-(d), the sh-RUNX1 tumors were
markedly smaller both in size and weight than the sh-
Control tumors. Furthermore, N-cadherin and vimentin
showed a decreased expression in the sh-RUNXI1-
transfected HNSCC xenografts (Figure 6(e)). These results
showed that RUNX1 knockdown could repress HNSCC
metastasis i1 vivo.

(@)

Discussion

As a common cancer,'® HNSCC can be developed from
multiple alterations of gene expression, though the molec-
ular mechanism is yet to be fully understood.'® Our study
uncovers that RUNXI1 functioned in proliferation and inva-
sion of HNSCC, and high expression of RUNX1 was corre-
lated with lymph node metastasis, AJCC stage, and tumor
size, implicating RUNX1 can be used as a biomarker of
malignant tumors. Furthermore, our results indicate that
RUNX1 knockdown markedly repressed HNSCC cell pro-
liferation, migration, and invasion. However, the down-
stream mechanisms need to be further investigated.

It is well accepted that invasion and metastasis are
important factors in tumor progression, and this progres-
sion depends on the invasion ability of tumor cells.? It has
been shown that activation of invasion can be one of the
initialization steps of cancer,”! which is driven by inactiva-
tion of tumor suppressors and activation of oncogenes as
well as transcription factors aberrations.”” Transcription
factors function as either transcriptional repressors or acti-
vators by binding to DNA at specific sites,”® which are
essential in embryogenesis, tumorigenesis, invasion, and
metastasis.”** Among the three human RUNX genes,’
RUNX1 has been well characterized. Although dysfunction
of RUNX1 has been previously observed in hematological
disorders, recent studies indicate that RUNX1 may function
in migration and invasion in various solid tumors.”**
Keita et al. showed that RUNX1 expression is significantly
increased not only in metastatic tissues derived from epi-
thelial ovarian cancer (EOC) patients but also in tumors
with low malignant potential. Furthermore, suppression
of RUNX1 inhibited EOC cell migration and invasion.'®
Another study has shown that over-expression of RUNX1
leads to the formation of neurofibromatosis type 1 in
human neurofibroma initiation cells.”® Wang et al. have
shown that RUNX1 impairs the inhibitory effects of miR-
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Figure 4. RUNX1 on HNSCC cell proliferation. (a) sh-RUNX1 or control shRNA-treated SCC25 and CAL27 cells. The transfection efficiency was assessed by Western
blot, and the influence of RUNX1 knockdown was evaluated with plate colony formation assays (b) and CCK-8 assays (c). “P < 0.05 and **P < 0.01. (A color version of

this figure is available in the online journal.)
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101 on lung cancer invasion.”” We confirmed that RUNX1
had elevated expression in primary HNSCC tissues, which
was associated with the N stage and AJCC stage. In addi-
tion, our results show that RUNX1 knockdown could inhib-
it HNSCC migration and invasion.

Sustaining proliferative signaling is another critical hall-
mark of cancer.?! The effect of RUNXI in tumor prolifera-
tion has also drawn wide attention from researchers.
Scheitz et al. found that Runx1 activates the Stat3 signaling
pathway by directly inhibiting the transcription of cytokine
signaling 3 (SOCS3) and SOCS4, which is an essential step
for the proliferation of cancer cell. Studies have shown that
RUNX1 knockdown inhibits the initiation of epithelial
cancer cells of oral, skin, and ovarian.’® On the other

hand, RUNXI1 activation promotes colorectal cancer cell
prolifera’cior1.31 In this study, we showed that the size of
primary tumors (T stage) was significantly correlated
with the RUNX1 expression level (P=0.019). RUNX1
knockdown suppressed the proliferation activity of
SCC25 and CAL27 cells and reduced colony formation abil-
ity. According to the in vitro results above, we then inves-
tigated the tumorigenicity of sh-RUNX1 and sh-Control
cells in nude mice, which indicated that the downregula-
tion of RUNX1 inhibited the formation of subcutaneous
tumors in vivo. These data indicate that suppression of
RUNX1 could inhibit HNSCC cell proliferation. However,
the diagnostics relies on tissue biopsy and the histopathol-
ogy has some inadequacies. For example, the specimen
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acquisition is invasive and painful, and the progression of
the disease significantly delays the treatment. New diag-
nostic methods should be developed for this purpose,
such as saliva, which, as an inexhaustible biofluid, includes
unprecedentedly rich genetic information.** Our results
demonstrated that RUNX1 mRNA in HNSCC was
increased compared with that in the normal tissues.
Further experiments will be conducted to determine
whether the mRNA of RUNX1 in saliva could be used as
a biomarker for the diagnosis of HNSCC.

The limitations of the experimental design are discussed.
First, the total RNA of different samples was compared using
GAPDH as the control. However, the expression of GAPDH
may show different variability in different cells.*® Therefore,
a second housekeeping gene (such as B-actin [ACTB]) needs
to be used as an internal reference. Second, according to the
prospective-specimen  collection, retrospective-blinded-
evaluation design for biomarker studies by Pepe et al., the
results in this study need to be further validated with a large,
prospective, controlled clinical study.**

In conclusion, our study has identified that RUNX1 is a
new tumor-promoting transcription factor, which plays a
significant role in the proliferation and metastasis of
HNSCC cells. Thus, RUNX1 may be used as a sensitive
biomarker for tumor recurrence and prognosis in patients
with HNSCC.
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