1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Biomed Pharmacother. Author manuscript; available in PMC 2021 November 01.

-, HHS Public Access
«

Published in final edited form as:
Biomed Pharmacother. 2020 November ; 131: 110665. doi:10.1016/j.biopha.2020.110665.

Myosin light chain kinase is a potential target for
hypopharyngeal cancer treatment

Feng Cao*@P, Le zhu*cd, Jing Zhang®d, Pawin Pongkorpsakol®, Wei-Ting Kuof, Jerrold R.
Turnerf, Qing Zhou®d, Yuan Wang®d, Feihu Chen9, Yehai Liu2™, Li Zuo®d.f*

aDepartment of Otorhinolaryngology Head and Neck Surgery, The First Affiliated Hospital of
Anhui Medical University, Hefei, 230032, China "Department of Otorhinolaryngology Head and
Neck Surgery, The Second People’s Hospital of Hefei, 230001, China ®Laboratory of Molecular
Biology, and Department of Biochemistry, Anhui Medical University, Hefei, Anhui, 230032, China
dKey Laboratory of Gene Research of Anhui Province, Hefei, Anhui, 230032, China €Translational
Medicine Graduate Program, Faculty of Medicine, Ramathibodi Hospital, Mahidol University,
Bangkok, Thailand ‘Department of Pathology, Brigham and Women’s Hospital and Harvard
Medical School, United States 9College of Pharmacy, Anhui Medical University, Hefei, China

# These authors contributed equally to this work.

Abstract

Hypopharyngeal cancer is squamous cell carcinoma (SCC) with the worst prognosis among the
head and neck cancers. Overall, the 5-year survival rate remains poor although diagnostic imaging,
radiation, chemotherapy, and surgical techniques have been improved. The mortality of patients
with hypopharyngeal cancer is partly due to an increased likelihood of developing a second
primary malignancy and metastasis. In this study, we found that MLCK expression, compared to
healthy tissue, was up-regulated in hypopharyngeal tumor tissue. Of particular interest, a low 5-
year survival rate was positively correlated with MLCK expression. We hypothesized that MLCK
might be a target for hypopharyngeal cancer prognosis and treatment. In order to explore the
function of MLCK in the development of cancer, we knockdown MLCK in hypopharyngeal
cancer FaDu cells. The results showed that MLCK knockdown reduced the migration and invasion
of FaDu cells. 4-amino-2-trifluoromethylphenyl retinate (ATPR) is the derivative of all-trans
retinoic acid (ATRA), which was able to reduce both MLCK expression and activity in FaDu cells.
ATPR induced FaDu cells apoptosis in a dose-dependent manner and also inhibited cell growth
both /n vivoand in vitro. Further experiments showed that overexpression of MLCK reduced
ATPR induced-migration inhibition while increase of ATPR induced apoptosis, which suggested
that MLCK was involved in ATPR’s anti-cancer function. In conclusion, MLCK is a novel
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prognostic marker and therapeutic target for hypopharyngeal cancer. By targeting MLCK, ATPR
exhibits its potential application in the treatment of this type of cancer.
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1. Introduction

In developing world, the incidence of hypopharyngeal cancer has been increased in both
men and women [1,2]. Carcinoma of the hypopharynx has the worst prognosis among of all
head and neck subsets. These tumors are frequently found at an advanced stage, often are
multifocal, and display early submucosal spread. Less than 20% of patients are diagnosed
with localized early-stage disease [3]. The hypopharynx is rich in regional lymphatics,
leading to the rapid dissemination of these tumors into the nodal basins of the neck [4]. Even
the 5-year survival rate is generally increased after the surgery, metastasis, and relapse are
still the problem for hypopharyngeal cancer patients. It is urgent to find a way, which can
prevent cancer cell metastasis.

The myosin light chain kinase (MLCK) is a crucial enzyme regulating a series of
cytoskeleton regulatory proteins. MLCK has been known as the critical regulator of cancer
cell metastasis [5-7]. Zhou et al.[8] showed that non-muscle isoform of myosin light chain
kinase (nmMLCK() is critical for the rapid dynamic coordination of a series of cytoskeleton
regulatory proteins involved in cancer cell proliferation and migration. In addition, MLCK is
centrally involved in driving rearrangement of the cytoskeleton, which regulates vascular
endothelial barrier function [9], angiogenesis, endothelial cell apoptosis, and leukocytic
diapedesis [10]. MLCK has recently been considered as a novel functional protein in cancer
initiation, proliferation, migration, and metastasis [11-13].

Recently, we reported that all-trans retinoic acid (ATRA) inhibited colorectal cancer cell
migration by suppressing MLCK expression via MAPK signaling pathway [14]. ATRA is an
active metabolite of vitamin A belonging to the retinoid family. Retinoids exert potent
effects on cell growth, differentiation, and apoptosis viastimulating its nuclear receptors and
have significant promise for cancer therapy. Differentiation therapy with ATRA has marked
a significant advance and become the first choice drug in the treatment of acute
promyelocytic leukemia (APL) [15,16]. ATRA is increasingly included in anti-tumor
therapeutic schemes for the treatment of various diseases such as Kaposi’s sarcoma [17],
head and neck squamous cell carcinoma [18], ovarian carcinoma [19], bladder cancer [20],
neuroblastoma [21]. Also, it produced anti-angiogenic effects in several systems, inhibiting
proliferation in vascular smooth muscle cells (VSMCs) and anti-inflammation in rheumatoid
arthritis [22]. Our group has modified the chemical structure of ATRA and synthesized a
series of compounds. By screening, we found that 4-amino-2-trifluoromethyl-phenyl retinate
(ATPR) had better efficacy and solubility. ATPR has been shown to inhibit tumor
proliferation and induce apoptosis in gastric cancer [23] and breast cancer [24]. In addition
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to solid tumors, ATPR was effective in the treatment of chronic myeloid leukemia(CML)
[25,26].

In this study, we demonstrated that MLCK expression was up-regulated in hypopharyngeal
carcinoma tissue compared to the non-lesion area. MLCK expression was associated with a
5-year survival rate. Moreover, ATPR inhibited hypopharyngeal cancer cell proliferation
both /n vivoand in vitro viaMLCK-independent mechanism. However, ATPR inhibited
FaDu cell migration, at least in part, by suppressing MLCK expression and activity.
Surprisely, MLCK overexpression promotes cell apoptosis induced by ATPR.

2. Materials and methods

2.1. Human biopsy

All the tissues from patients were collected during May 2007 to March 2013 from the First
Affiliated Hospital of Anhui Medical University, total 108 cases including 104 cases of
males and 4 cases of females. All subjects had given written informed consent.

2.2. Animals

Experiments were carried out in 4-6-week-old male BALB/c nude mice according to the
guidelines of Anhui Medical University Animals center. Mice were housed with ad /libitum
access to food and water and maintained on a 12 h light/dark cycle. Experimental study
groups were randomized. All procedures were carried out to minimize the number of
animals used (n =5 per group) and their suffering.

2.3. Cell line and reagents

FaDu cell was obtained from ATCC. Corning Transwell polycarbonate membrane inserts
were from Sigma-Aldrich (Cat No: CLS3421). MLCK antibody was a gift from Professor
Jerrold R. Turner in Brigham and Women’s Hospital (Yenzyme Rb33), pMLC (3671 s)
antibody was from cell signaling. MLC antibody was from Abcam (ab79935). Caspases3
(9662 s), cleavage caspases3 (9664 s), Bcl-xlI (2764), Bax (2774s), Rockl (4035) were from
Cell Signaling Technology.

2.4. Immunohistochemical staining

Tissue was cut into 5 um sections on clean, charged microscope slides and then heated in a
tissue-drying oven for 45 min at 60 °C. Deparaffinization, rehydration and antigen retrieval
processes were performed as previously described [27]. In brief, tissue slides were washed
by xylene, 100 %, 95 % ethanol, 70 % ethanol, 50 % ethanol, and steamed in 0.01 M sodium
citrate buffer, pH 6.0, at room temp for 20 min. All slides were then rinsed in 1x TBS with
tween (TBST) and blocked in blocking buffer for 20 min. The slides were incubated with
primary antibodies overnight. Slides were washed 3 times with TBST, incubated with
biotinylated secondary antibody for 1 h at room temperature, and rinsed with TBST.
Alkaline phosphatase streptavidin was applied to slides, incubated at room temperature for
30 min., and slides were rinsed in TBST 3 times, 10 min each. Alkaline phosphatase
chromogen substrate was added into each slide. Slides were washed with distilled water.
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Finally, Slides were also subsequently dehydrated and mounted as well as the signal of
target protein staining was detected.

2.5. Construction and transfection

Briefly, pMagi-GFP and pMagi-IRES-GFP vectors were digested and connected with oligo
DNA or target gene, as shown in Table 1. Recombinant lentiviral vectors were produced by
transfected 293 T cells (This vector was made by MAGI-LAB company, China). At 70-80
% of cell confluency in a 150-mm cell culture plate, transfection of 293 T cells with
appreciate plasmids (pMagi-GFP, pMagi-IRES-GFP, pVSV-G, pMD2.G, or REV) was
performed in Opti-MEM (Gibco, USA) according to Lipofectamine™ 3000 kit protocol as
previously described [28]. After 6 h of culture in Opti-MEM with transfection reagents, the
transfection medium was exchanged with completed DMEM media (10%FBS) (Gibco,
USA). Infectious lentiviruses were harvested at 48 h post-transfection and then concentrated.
The infectious efficiency was determined by GFP expression. FaDu cells were cultured at a
density of 1 x 106 cells per well in 6-well tissue culture plates with DMEM (low glucose)
containing 4% FBS. After 16 h, the cells were infected with newly recombined lentiviruses
or negative control. Polybrene (8 ng/mL) was added to each well. After 6 h of culture, the
culture medium was exchanged with fresh DMEM. The cell photographs were taken under
fluorescence microscopes. In addition, real-time PCR (Forward primer :
GCTGCCTGACCACGAATATAAG; Reverse: GACACCATCCACTTCATCCTTC) was also
used to identify the expression of MLCK mRNA in transfected cells.

Flow cytometry

For apoptosis detection, cells were seeded (1 x 108 cells) in a T75 culture flask (in triplicate
for experiments), and three T75 culture flasks for control (unstained, Annexin only, and
propidium iodide only). After 48 h incubation, supernatant (floating apoptotic cells) was
collected, and adherent cells (~2 x 108 cells) from each T75 flask were trypsinized. The
collected cells were washed twice with cold PBS and centrifuged (1000 x g, 5 min, RT).
Cell pellet (~2 x 106 cells) was resuspended in 400 UL PBS. Then, cells were stained by
combined Annexin V (1 mg/mL) with propidium iodide (PI; 1 mg/mL). For experimental
control, cells were unstained and stained with either Annexin V or propidium iodide. Flow
cytometry was used to analyze apoptosis in this experiment. Indeed, Annexin V=/P1~ cells
are considered as non-apoptotic cells, whereas Annexin V*/PI- and Annexin V*/PI* cells
are defined as apoptotic and necrotic cells, respectively [29].

For proliferation detection, FaDu cells were trypsinized, centrifuged, and washed twice with
cold PBS and resuspended in 100 L of a reaction mixture containing Annexin V-FITC and
Pl, the next step following the manufacturer’s instructions (Coulter DNA Prep Reagents Kit,
Beckman-Coulter). In all groups, fluorescence was determined from the combined collection
of floating and attached cells using flow cytometry, as previously described. The data was
analyzed by Flowjo software.

2.7. Wound healing assay

Wound healing assay was performed to determine the cell migration ability of FaDu cells
[28]. WT and MLCK knockdown FaDu cells were seeded into 24-well plates and grown
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until 80-90 % confluence. Sterilized10-microlitre pipette tip was used to generate cross
wounding across the cell monolayer. The debris was washed with PBS three times to remove
the floating cells. The migration distance of cells into the wound area was then measured at
48 h. Cells migrated into the wounded area from the border of the wound were photographed
under the inverted microscope. A total of nine areas were selected randomly in each well by
a 100x magnification. The data were analyzed using Quantity One software.

2.8. Migration assay

FaDu cells were trypsinized and resuspended in DMEM with 10 % FBS and counted. FaDu
cells at 1 x 10° cells were gently added to the upper compartment of the transwell
compartments, 24-well format, with 8 um pore size insert. DMEM (2.6 mL) containing 0.5
% FBS and 40 pg/mL collagen was added to the lower compartment. The transwell inserts
were placed to the well by merging the bottom of the insert into the medium. The cells were
incubated in the transwell plate at 37 ° C and 5% CO, for 2.5 h. After 2.5 h, the insert was
carefully taken out. Cells that do not migrate through the pores and therefore remain on the
upper side of the filter membrane and cell debris need to be gently removed with a cotton
swab. The cells on the lower side of the insert filter were fixed quickly with 5%
glutaraldehyde for 10 min and stained with 1% crystal violet in 2% ethanol for 20 min.
Excess crystal violet was removed by quickly merging the insert in ddH,O for three to four
seconds. Number of cells on the lower side of the filter was count under a microscope.

2.9. Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay

TUNEL assay was used to detect apoptotic cells, as previously described [30]. In brief, the
cells were washed three times in PBS and adjusted to 2 x 107 cells/mL. Cell suspension at
100 pl/well was seed into 0.4 pm transwells (Corning Cat No:3413). Cells were fixed in 1%
PFA for 30 min., permeabilized in freshly prepared solution (0.1 % Triton X-100 in 0.1 %
sodium citrate, sodium citrate was used for antigen retrieval) for 2 min on ice. The cells
were further labeled by TUNEL reaction mixture and incubated for 60 min at 37 °C ina
dark humidified atmosphere. Samples were imaged under fluorescence microscopy. For
evaluation by fluorescence microscopy, excitation wavelength in the range of 520-560 nm
(maximum 540 nm; green) and emission wavelength in the range of 570-620 nm (maximum
580 nm, red) were used for this detection.

2.10. ApopTag® ISOL dual fluorescence apoptosis assay

FaDu cells were fixed in 1% paraformaldehyde/PBS, pH 7.4, preferably for 10 min at room
temperature. Fixed FaDu cells were washed twice by PBS, 5 min each. Excess liquid was
gently removed. Equilibration buffer (75 pl) was immediately applied directly to the cells
and incubated for at least 10 s at room temperature. Fixed cells were incubated with Strength
TdT Enzyme (55 pl) in a humidified chamber at 37 °C for 1 h. Furthermore, cells were
subsequently placed in Stop/Wash Buffer with shaking for 15 s and incubated for 10 min.
After that, specimens were incubated in working strength anti-digoxigenin conjugate and
washed three times with PBS for 1 min each. Warmed (room temp.) working strength anti-
digoxigenin conjugate (rhodamine) was applied to the slide, and slides were incubated for
30 min at room temperature. From this step, all slides should be protected from the light.
Counterstain and mounting after Rhodamine staining were operated.
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2.11. Nude mice

FaDu cells (1 x 107 cells/100 uL) were injected into 4-week old mice. After one week, 30
mice that had generated the xenograft successfully were selected and divided into six
groups, including the vehicle control group (DMSO in 0.2 mL PBS/day), and the ATPR
group. ATPR was gavaged into mice 10-80 mg/kg daily. Tumor sizes were measured weekly
using a venire caliper for the next four weeks.

2.12. Transfection

To generate inducible MLCK-eGFP over-expression cells, FaDu cells were seeded into 100
mm dish (Corning, CLS430167). At 50-70 % confluence, cells were then co-transfected
with pSPB-transposase and pPBH-TREtight-MLCK-eGFP. These plasmids were the gifts
from professor Jerrold R. Turner, Brigham and Women’s Hospital, Harvard Medical School
(Boston, MA, USA). Transfection was performed according to Lipofectamine™ 3000
reagent protocol (Thermo Fisher Scientific). Briefly, transfection reagent contains 30 pg of
both DNA plasmids mixed with Opti-MEM media and P3000 reagent. Cells were incubated
with transfection reagents. At 12 h post-transfection, cells were then cultured in complete
media. The expression of MLCK-eGFP can be induced by treatment with doxycycline (dox).
Transfection efficiency was evaluated by eGFP signals.

3. Results

3.1. MLCK expression is elevated in hypopharyngeal carcinoma tissue

To determine the relationship between MLCK expression and hypopharyngeal cancer, we
performed immunochemistry in human hypopharyngeal cancer biospy from 108 patients. Of
note, hypopharyngeal cancer is mostly diagnosed in men who smoke tobacco and consume
excessive alcohol and uncommon in women. Therefore, we only collected 4 females out of
108 cases. As described previously [31-35], increased Cox-2, and decreased E-cadherin
expression were reported in hypopharyngeal cancer. We characterized cancer tissue by two
markers mentioned above. Consistent with previous reports, immunochemical assay
demonstrated that Cox-2 and E-cadherin expression were increased and decreased in
hypopharyngeal cancer tissues, respectively (Fig. 1A, B). Since our previous data showed
that MLCK contributed to cancer cell migration, we therefore hypothesized that MLCK
might also relate to the severity of this hypopharyngeal cancer. The IHC-stained sections
were reviewed and scored independently by two experienced pathologists. Indeed, clinical
status of the patients have been blinded to prevent diagnostic bias, and both pathologists had
similar accuracy rates. Expression levels of MLCK in tissues were evaluated using the —, %,
+, ++, +++ scoring system. Sections with 0 %—-10 % stained cells were designated as no
expression or low expression of MLCK(score of —, +); sections with 11-40% stained cells
were designated as moderate expression of MLCK (score of +); sections with 41-70%
stained cells were designated as strong expression of MLCK (score of ++); sections with
71-100% stained cells were designated as very strong expression of MLCK (score of +++).
Interestingly, we found that MLCK was obviously upregulated in the hypopharyngeal cancer
tissue compared with the adjacent healthy tissue (Fig. 1C). Indeed, we evaluated MLCK
expression into two levels, low (- to £) and high (+ to +++). The tissue with less than 10%
positive cells was evaluated as low expression, more than 10% positive cells was defined as
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high expression. MLCK expression was strongly related to the cancer stage (P < 0.05)
(Table 2). Of particular importance, MLCK expression is correlated with 5 year survival rate
(Fig. 1D). The 5-year survival rate of patients with low MLCK expression was around 68%.
On the other hand, the patients with higher MLCK expression, 5 year survival rate was ~
20%, as shown in Fig. 1D.

3.2. MLCK knockdown reduces cancer cell migration and invasion

In order to evaluate the function of MLCK in hypopharyngeal cancer, FaDu cell line was
used as a representative /n vitro model of this type of cancer. A shRNA against MLCK was
used to suppress MLCK expression in FaDu cells. As shown in Fig. 2A, GFP signal was
detected in ShRNA-MLCK transfected FaDu cells, but not in wild type FaDu cells,
indicating successful transfection. In addition, we found that MLCK mRNA was
significantly attenuated in ShRNA-MLCK transfected cells (~ 70 %). To further explore the
effects of MLCK knockdown in cell migration, wound healing assay and transwell migration
experiments were performed. The results showed that the migration ability was significantly
decreased to 30-40 % in MLCK knockdown FaDu cells, as showed in Fig. 2C-F.

3.3. ATPR inhibits cancer cell migration and invasion via suppressing MLCK signal

pathway

Since the data in MLCK knockdown FaDu cells indicates that MLCK mediates migration,
we next assessed whether MLCK could be a target for cancer treatment. Therefore, we
tested the drug, which can block the MLCK function. The data we published in 2016
showed that ATRA inhibits MLCK expression viathe MAPK signaling pathway in
colorectal cancer cells [14]. However, ATRA has several side effects. In order to overcome
this problem, our group synthesized its derivatives based on ATRA structure, called ATPR,
which had fewer side effects than ATRA [36]. Here, we found that ATPR significantly
decreased MLCK expression in FaDu cells in a dose-dependent manner (Fig 3A, B). In
addition to MLCK expression, the effect of ATPR on MLCK activity was investigated.
Indeed, we found that ATPR suppressed MLC phosphorylation in FaDu cells (Fig. 3C, D).
Because MLC phosphorylation can also be regulated by other kinases, including ROCK and
ZIPK, we therefore further investigated the effect of ATPR on the expression of these
proteins. Western blot analyses revealed that ATPR had no impact on ROCK expression, but
significantly increased ZIPK expression (Fig 3E, F). Of particular interest, we showed that
migration rate of FaDu cells treated with various concentrations of ATPR was predominantly
decreased compared to the vehicle control (Fig 3G, H). Interestingly, using wound healing
assay, we found that ATPR significantly reduced the rate of wound healing in a dose-
dependent manner in FaDu cells (Fig. 31, J). These results indicated that ATPR might be a
drug candidate for metastasis in hypopharyngeal cancer, at least in part, by inhibiting the
migration process.

3.4. ATPR inhibits cancer cell proliferation in vivo and in vitro

We also demonstrated the effects of ATPR both /n vivo and in vitro models, the FaDu cells
were subcutaneously injected into mice, ATPR was administered to mice by daily gavage.
Hematoxylin and eosin staining on the heart, liver, spleen, lung, and kidney were performed
to test whether ATPR produces toxic effects /n vivo. Of note, there was no difference in

Biomed Pharmacother. Author manuscript; available in PMC 2021 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Caoetal.

Page 8

tissue histopathology between vehicle control and ATPR-treated group, suggesting that
ATPR had no significant toxic effects on the mice at least with this dose (Fig. 4A).
Impressively, ATPR reduced cancer cell growth in nude mice, as shown in Fig. 4B and C.
However, we did not see the tumor metastasis in these mice to evaluate the effects of ATRA
on cancer cell migration /in vivo. Nevertheless, the results showed that ATPR inhibited
cancer cell proliferation /n vivo. Meantime, we examined the effect of ATPR in FaDu cell
proliferation using the flow cytometry. The results indicated that ATPR blocked cell
proliferation at GO/G1 phase of the cell cycle. The cell population of GO/GL1 in the vehicle
control cells was around 30-40% and was increased to 60—70% after ATPR treatment (Fig.
4D, E).

3.5. ATPR induces cancer cell apoptosis in FaDu cells

To investigate whether ATPR induces FaDu cell apoptosis, different approaches, including
TUNEL, ISOL, and flow cytometry, were performed. The TUNEL staining positive cells
were shown as magenta. Apoptotic cells were counted and quantified. ATPR did not
influence apoptosis at the concentration of <10 pM, while the apoptosis cells were detected
from 20 uM (Fig. 5A, B). Using ISOL staining, we found similar results with TUNEL (Fig.
5C, D). Furthermore, the flow cytometry also showed that apoptosis was detected at 40 uM
of ATPR treatment; the apoptotic cell population was over 70% of total FaDu cells (Fig. 5E,
F). Moreover, western blot analyses indicated that ATPR increased expression of pro-
apoptotic proteins, including cleaved caspase-3 and Bax. On the other hand, ATPR
decreased the expression of anti-apoptotic protein such as Bcl-xI (Fig. 5G).

3.6. Effects of MLCK overexpression on anti-cancer activities of ATPR

As shown previously, ATPR is non-toxic and effective for suppressing cell migration,
inhibiting proliferation, and inducing apoptosis in hypopharyngeal cancer. Since ATPR
inhibited MLCK expression and its activity, we further scrutinize whether ATPR produced
anti-cancer effects in hypopharyngeal cancer via MLCK-associated mechanism. Inducible
pPBH- MLCK-overexpressing FaDu cells were used. Doxycycline (dox) was used to induce
MLCK expression in FaDu cells. EGFP signal was detected in dox-treated group which
indicates MLCK overexpression in transfected FaDu cells (Fig 6A). By using wound healing
assay, the rate of migration was accelerated in dox-treated MLCK-overexpressing FaDu cells
(Fig. 6B, C). As expected, ATPR could suppress wound healing in transfected FaDu cells
without dox treatment. Interestingly, MLCK overexpression reduced ATPR induced
migration inhibition (Fig. 6D, E). This indicates that ATPR-inhibited hypopharyngeal cancer
cell migration was in the MLCK-associated manner. In addition, we further investigated the
effect of ATPR on proliferation of FaDu cells. Flow cytometry demonstrated that ATPR
induced similar GO/G1 arrest in both control and dox-treated MLCK-overexpressing FaDu
cells (Fig. 6F, G), suggesting anti-proliferative effect of ATPR was MLCK-independent.
Surprisingly, in dox-treated MLCK-overexpressing FaDu cells, pro-apoptotic effect was
potentiated compared to the same dose of ATPR treated group (Fig. 6H, I).
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4. Discussion

Treatment of patients with hypopharyngeal cancer is currently painful due to poor prognosis.
In general, patients with hypopharyngeal cancer have always been diagnosed at late stage.
Therefore, it is necessary to find new markers and strategies to provide early detection and
treat the patient. Here, we reported that MLCK was obviously up-regulated in human
hypopharyngeal cancer tissue compared to normal adjacent tissue. Our results also showed
that MLCK is associated with 5-year survival rate. The patient with higher MLCK
expression had a lower survival rate. In FaDu cells, MLCK is associated with cell migration
and invasion. These data strongly support that MLCK may be a potential marker and
therapeutic target for hypopharyngeal cancer.

MLCK protein is encoded by MYLK gene, a single-copy gene located on chromosome
3qcen—q21 [37] that contains two promoters for transcription of smMLCK (5.8 kb) and non-
muscle long MLCK (8.1 kb) mRNAs [38]. MLCK is a Ca2*/CaM-dependent enzyme that is
responsible for smooth muscle contraction via phosphorylation of Ser 19 on MLC, an event
that facilitates myosin interaction with actin filaments [39]. The involvement of MLCK in
non-muscle cell contraction is not well understood. However, activity of this kinase is
associated with force development that results in endothelial cell and epithelial cells tight
junction disruption. Long MLCK is a central regulator in immune-mediated barrier loss
[40-42]. 1t also affects cell division and proliferation [43] and cell shape [44,45].

Previous reports showed that during cell migration, myosin Il1-mediated actomyaosin
contraction is believed to be required for force generation, which is very important for cell
movement. Myosin Il may also play a role in membrane protrusion at the leading edge.
Since myosin Il activity is regulated by MLCK, MLCK is therefore believed to be essential
for the force generation necessary for cell migration [6]. Our previous data also
demonstrated that MLCK was related to migration process in colorectal cancer cells [28].
Consistent with our findings, we found that knockdown of MLCK in FaDu cells reduced the
migration. Therefore, inhibition of MLCK expression might also be a therapeutic strategy
for the treatment of hypopharyngeal cancer.

Our previous data showed that ATRA, a vitamin A derivative, inhibited migration of
colorectal cells by suppressing MLCK expression via MAPK signaling pathway. ATRA is
typically a part of anti-cancer regime for APL, along with chemotherapy. However, chronic
use of ATRA resulted in many adverse effects including headache, fever, dry skin and
mouth, skin rash, swollen feet, sores in the mouth or throat, itching, irritated eyes, and
hyperlipidemia. In order to reduce these toxicities and increase its efficiency, our group
modified the chemical structure of this compound. Among many different compounds, we
found that ATPR had more anti-cancer activity and lower toxicity. Of note, we previously
showed that ATPR inhibited proliferation, invasion, and migration of breast cancer cells by
independently regulating CRABP2 and FABPS5 [46]. ATPR induced cell differentiation in
K562 cells by inhibiting elF3a [26]. Over-expression of elF3a promoted not only protein
expression of c-myc and cyclin D1, but also prevented the expression of p-Raf-1, p-ERK and
the myeloid differentiation markers CD11b and CD14 and had an influence on inducing the
morphologic mature. Here, we reported that ATPR also decreased MLCK expression and
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MLC phosphorylation, which resulted in inhibition of migration in FaDu cells. Of note,
apart from MLCK, there are other kinases, i.e. ZIPK, that regulate MLC phosphorylation
[47]. Therefore, we also tested the effect of ATPR on ZIPK expression. Unexpectedly, ATPR
increased ZIPK expression suggesting that although ZIPK acts as one of the critical
regulators of MLC phosphorylation, ZIPK may not be compartmentalized with and not
involved in regulation of MLC phosphorylation in this cell type. In nude mice, ATPR
inhibited tumor growth in mice injected with FaDu cells. /n vitro, ATPR inhibited FaDu cell
proliferation by inducing GO/G1 arrest. The results also showed that ATPR induced cell
apoptosis.

Next, we generated doxycycline-inducible MLCK-overexpressing FaDu cells. ATPR
inhibited cell migration was more significant in untreated cells than in dox-treated MLCK-
overexpressing FaDu cells. In addition, ATPR similarly induced cell cycle arrest in both
dox-treated and untreated, inducible MLCK-overexpressing cells. These data demonstrated
that anti-migration and anti-proliferative effects of ATPR were via MLCK-associated and
independent mechanisms, respectively. Therefore, mechanisms underlying anti-proliferative
effect of ATPR need to be investigated in future work. Unexpectedly, pro-apoptotic effect of
ATPR was enhanced in dox-treated inducible MLCK-overexpressing FaDu cells. Consistent
with previous report, up-regulation of MLCK is associated with apoptosis in immune-
mediated colitis [48]. Indeed, the level of MLCK expression may result in different effects
on apoptosis, and it will be the next study of this project.

5. Conclusion

Our study demonstrates that MLCK might be a potential target for hypopharyngeal cancer.
Also, ATPR might be a drug candidate for hypopharyngeal cancer treatment, which can be
combined with other drugs. However, more insights related to mechanisms of drug action
and safety profiles need to be further elucidated.
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Fig. 1.

M?_CK is up-regulated in human hypopharyngeal carcinoma tissue and correlates with the 5-
year survival rate. Expression profiles of MLCK and the markers of human hypopharyngeal
cancer, including Cox-2 and E-cadherin, were analyzed. (A) Cox-2, (B) E-cadherin, and (C)
MLCK expression in human hypopharyngeal carcinoma tissue were compared to adjacent
non-lesion tissues. Cox-2 protein was up-regulated (A), whereas E-cadherin was down-
regulated (B), demonstrating characteristics of hypopharyngeal cancer. Of interest, MLCK
expression was obviously increased in hypopharyngeal carcinoma compared to adjacent
healthy tissue. Bar = 50 pm (100X, upper panel), 10 um (400X, lower panel), and arrows
indicate the adjacent non-lesion tissues. (D) MLCK expression can be used as a prognostic
marker for patients with hypopharyngeal cancer. The 5-year survival was negatively
correlated with MLCK expression. The patients with low MLCK expression has higher
survival rate. In contrast, the patients with high MLCK expression has low survival rate.
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Fig. 2.

M?_CK expression is associated with cell migration in hypopharyngeal cancer FaDu cells.
(A) GFP expression in shMLCK transfected FaDu cells confirming the transfection
efficiency of sShMLCK. Bar = 50 pm. (B) MLCK transcript in MLCK knockdown cells
compared to wide-type cells. The expression level of MLCK was decreased by ~70% in
knockdown cells. (C) Wound healing assay showed that MLCK knockdown reduces FaDu
cell migration. Bar = 50 um (D) The quantitative migration distance ratio of wound healing
assay is around 60-70% in MLCK knockdown FaDu cells compared to wide-type cells. (E)
Representative images of transwell cell migration assay indicated that migration was
attenuated in MLCK knockdown FaDu cells. Bar = 50 um. (F) Quantitative analyses of
transwell cell migration assay. Similar to the data from wound healing assay, MLCK
suppression reduced cell migration ~60 - 70%. *p < 0.05 compared with wide-type cells.
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Fig. 3.
ATPR reduces MLCK expression and activity in hypopharyngeal cancer cells and inhibits

FaDu cell migration. (A) ATPR reduced MLCK expression in FaDu cells in a dose-
dependent manner. (B) Quantification of MLCK protein level expression by Quantity one
software. (C) ATPR inhibited MLC phosphorylation in FaDu cells. Since MLCK directly
induced MLC phosphorylation, this data suggested that ATPR also suppressed MLCK
activity. (D) Quantification of MLC phosphorylation by Quantity one software. (E) Effects
of ATPR on ZIPK and ROCK expression in FaDu cells. ZIPK and ROCK have been
considered as the other regulators of MLC phosphorylation. We therefore analyzed the
expression of these two proteins. Although ATPR did not decrease ROCK expression, it
dose-dependently increases ZIPK expression. (F) Quantification of ZIPK protein level
expression in FaDu cells by Quantity one software. (G-J) Transwell cell migration and
wound healing assays showed that ATPR significantly inhibited cell migration in a dose-
dependent manner. Bar = 50 um. *p < 0.05; **p < 0.01 compared with vehicle control.
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ATPR is non-toxic and effective for hypophaiyngeal cancer treatment. (A) H&E staining of
mouse tissues, including heart, liver, spleen, lung, and kidney, compared to control mice,
ATPR treatment did not induce morphologic abnormalities in these vital organs. This result

suggested that ATPR is non-toxic at this dose /n vivo. Bar = 50 um. (B) To generate a

xenograft mouse model of hypophaiyngeal cancer, mice were subcutaneously injected with
107 FaDu cells. Tumor size was measured after 6 weeks post-injection, ATPR reduced tumor
growth in nude mice in a dose-dependent manner. Bar =1 mm. (C) Quantification of the

effect of ATPR on tumor size in mice, five mice per group. (D) Flow cytometry was

performed to detect the effects of ATPR in FaDu cell proliferation. (E) Quantitative analysis
of flow cytometry. ATPR induced cell cycle arrest at the GO/G1 phase in FaDu cells. *** p <

0.001 compared with vehicle control.
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Fig. 5.

A'IqPR induces hypopharyngeal cancer cell apoptosis. (A) Representative TUNEL staining in
FaDu cells treated with or without ATPR. Bar = 20 um. (B) Quantification of TUNEL
staining. (C) ISOL staining was performed in FaDu cells treated with or without ATPR
treatment. Bar = 20 um. (D) Quantification of apoptotic cells in ISOL staining. (E) Flow
cytometry analysis of cell apoptosis in ATPR-treated group compared to vehicle control
FaDu cells. (F) Quantification of apoptotic cell ratio in flow cytometry assay. Based on
TUNEL, ISOL, and flow cytometry assays, ATPR promoted apoptosis in FaDu cells in a
dose-dependent manner. (G) Immunoblots of apoptotic associated protein signals in FaDu
cells treated with or without ATPR. Importantly, ATPR increases expression of pro-apoptotic
protein, including cleaved caspase-3 and Bax, in parallel with suppressing anti-apoptotic
protein Bel-xl. *p < 0.05; **p < 0.01 compared with vehicle control.
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Fig. 6.
Anti-cancer activities of ATPR on MLCK-overexpressing FaDu cells. (A) EGFP-MLCK

expression induced by doxycycline (dox) treatment in FaDu cells transfected with pPBH-
TREtight-EGFP plasmid. Bar = 20 um. (B, C—-,) Wound healing assay revealed that, in
inducible EGFP-MLCK overexpressing FaDu cells, the migration rate was increased. ***p <
0.001 compared with w/o dox. (D—,E) Effect of ATPR on cancer cell migration inhibition
was attenuated in EGFP-MLCK overexpressing FaDu cells. Bar = 50 um. ***p < 0.001
compared with w/o dox. (F.—) ATPR induced cell cycle arrest at GO/G1 phase in dox-treated
and untreated EGFP-MLCK overexpressing FaDu cells. ***p < 0.001 compared with
vehicle control. There is no difference between dox treatment and without dox group. (H, -I)
Effect of ATPR-induced cancer cell apoptosis was potentiated in EGFP-MLCK
overexpressing FaDu cells. ***p < 0.001 compared with w/o dox or vehicle.
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Table 1

shRNA of MLCK

1D

Target Sequence Start Position

NT
1#
2#
3#

CAACAAGATGAAGAGCACCAA

GACGGGAACTGCTCTTTAA 5866
GCGGGAAGGATTCTTCAAA 94
GTGCATGTGTGGCGTATAT 7672
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Table 2

The relationship between MLCK expression and pathological parameters

MLCK expression

Pathological parameters N P Value
-+ ++/+++
Sex
Male 104 47 57
>0.05
Female 4 2 2
Age
260 68 30 38
>0.05
<60 40 19 21

Tumor size(cm)

1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

T1 14 6 8
T2 50 23 27
>0.05
T3 22 10 12
T4 22 10 12
Tumor metastasis
NO 0
N1 38 20 18
<0.05
N2 68 29 39
N3 2 2
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