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Abstract
Oral tongue squamous cell carcinoma (OTSCC) is one of the most common cancers 
worldwide and is characterized by early metastasis and poor prognosis. Recently, 
we reported that extracellular interleukin- 17F (IL- 17F) correlates with better disease- 
specific survival in OTSCC patients and has promising anticancer effects in vitro. 
Vasculogenic mimicry (VM) is the formation of an alternative vasculogenic system 
by aggressive tumor cells, which is implicated in treatment failure and poor survival 
of cancer patients. We sought to confirm the formation of VM in OTSCC and to 
investigate the effect of IL- 17F on VM formation. Here, we showed that highly in-
vasive OTSCC cells (HSC- 3 and SAS) form tube- like VM on Matrigel similar to those 
formed by human umbilical vein endothelial cells. Interestingly, the less invasive cells 
(SCC- 25) did not form any VM structures. Droplet- digital PCR, FACS, and immuno-
fluorescence staining revealed the presence of CD31 mRNA and protein in OTSCC 
cells. Additionally, in a mouse orthotopic model, HSC- 3 cells expressed VE- cadherin 
(CD144) but lacked Von Willebrand Factor. We identified different patterns of VM 
structures in patient samples and in an orthotopic OTSCC mouse model. Similar to 
the effect produced by the antiangiogenic drug sorafenib, IL- 17F inhibited the for-
mation of VM structures in vitro by HSC- 3 and reduced almost all VM- related pa-
rameters. In conclusion, our findings indicate the presence of VM in OTSCC and the 
antitumorigenic effect of IL- 17F through its effect on the VM. Therefore, targeting 
IL- 17F or its regulatory pathways may lead to promising therapeutic strategies in pa-
tients with OTSCC.
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1  | INTRODUC TION

Oral tongue squamous cell carcinoma (OTSCC) is the most common 
cancer in the oral cavity and its incidence is increasing worldwide.1,2 
Unfortunately, the survival of patients with OTSCC has improved 
minimally in recent decades.3,4 The relatively high rates of tumor 
recurrence and metastasis to regional lymph nodes are considered 
the leading causes of disease- specific mortality.4,5 Therefore, iden-
tifying novel molecular targets that affect metastasis- related pro-
cesses, such as vessel formation, is necessary to improve treatment 
outcomes of OTSCC patients.

Interleukin- 17F (IL- 17F), a member of IL- 17 family, plays an im-
portant role in inflammatory and autoimmune diseases.6 Importantly, 
IL- 17F was also shown to mediate antitumorigenic effects in cancers, 
including colon cancer and hepatocellular carcinoma.7- 10 We have 
previously shown that extracellular IL- 17F derived from mast cells, 
at the tumor invasive front, is associated with improved disease- 
specific survival in OTSCC patients.11 Furthermore, we showed in 
a recent report that IL- 17F exerted its antitumorigenic effects in 
OTSCC by inhibiting cancer cell proliferation and migration and en-
dothelial cell tube formation.12

Vasculogenic mimicry (VM) is a model of tumor angiogenesis 
where tumor cells form intratumoral vessel- like channels to mediate 
tumor growth and metastasis.13 Recently, our meta- analysis revealed 
that VM is significantly associated with poor survival outcomes in head 
and neck squamous cell carcinoma (HNSCC) and esophageal cancer.14 
The currently available angiogenesis inhibitors show limited clinical 
success in cancer treatment.15 This may partially be due to VM, which 
reduces the efficacy of antiangiogenic therapies.15 Therefore, VM was 
suggested as a potential promising therapeutic target in cancers, in-
cluding OTSCC.13,14 Here, we sought to study the VM phenomenon in 
OTSCC and to further investigate the potential effect of IL- 17F on the 
formation of VM structures by OTSCC cells.

2  | MATERIAL S AND METHODS

2.1 | Cells and cell culture

We used the following OTSCC cell lines: HSC- 3 (Japan Health 
Sciences Foundation), SCC- 25 (American Type Culture Collection), 
and SAS (Japanese Collection of Research Bioresources) cells. We 
used human umbilical vein endothelial cells (HUVEC, Thermo Fisher 
Scientific) as a control for the tube formation assay. The culturing 
conditions were as previously reported.12 Briefly, the high- invasive 
HSC- 3 and SAS cell lines and the low- invasive SCC- 25 cell lines were 
cultured in Dulbecco's modified Eagle's medium (DMEM)- 12 (Gibco). 
Culture medium was supplied with 10% heat- inactivated fetal bovine 
serum (FBS), 100 U/ml penicillin, 100 μg/ml streptomycin, 250 ng/
ml fungizone, 50 μg/ml ascorbic acid, and 0.1% hydrocortisone 
(all from Sigma- Aldrich). HUVEC were cultured in 75- cm2 tissue- 
culture flasks using 200PRF medium (Thermo Fisher Scientific) 
supplemented with low- serum growth supplement (Thermo Fisher 

Scientific), 100 U/ml penicillin (Sigma- Aldrich), and 100 μg/ml strep-
tomycin (Sigma- Aldrich).

2.2 | Patient samples

In this study, we used paraffin- embedded samples from the pathol-
ogy department of Oulu University Hospital. The samples were 
obtained from OTSCC patients (n = 30) who were treated surgi-
cally at the Oulu University Hospital during the period 1990- 2010. 
The patients provided written informed consent before participat-
ing in the study. The data inquiry was approved by the National 
Supervisory Authority for Welfare and Health (VALVIRA) and the 
Ethics Committee of the Northern Ostrobothnia Hospital District.

2.3 | Orthotopic mouse model of OTSCC

The model was prepared as described previously.16 Briefly, subcon-
fluent HSC- 3 cells were detached and mixed with cold Matrigel 1:1 
to a final concentration of 8 × 106 cells per ml. A cell suspension of 
25 µl (2 × 105 cells) was injected into the lateral part of the tongue 
of 7- week- old BALB/c nude male mice (Charles River, Germany). On 
day 13, mice were sacrificed and tongues and draining lymph nodes 
were fixed in 4% paraformaldehyde (PFA) immediately after removal 
and were subsequently dehydrated and embedded in paraffin for 
further immunostaining. All experiments complied with the ARRIVE 
guidelines and were conducted in accordance with the European 
Convention for the Protection of Vertebrate Animals for Experimental 
and Other Scientific Purposes guidelines on accommodation and 
care of animals. The experiments were also approved by the Animal 
Welfare Committee at UiT- The Arctic University of Norway.

2.4 | Immunofluorescence staining

Oral tongue squamous cell carcinoma samples were cut to 5- µm thick 
sections. After deparaffinization in a xylene- ethanol series, slides were 
treated with heat- induced antigen retrieval using a microwave oven 
(MicroMED T⁄T Mega Histoprocessing Labstation; Milestone Srl). 
Next, slides were washed three times (5 minutes each) in phosphate- 
buffered saline (PBS) and then incubated in: (i) 10% donkey normal 
serum for 1 hour at room temperature (RT); (ii) 1:200 diluted mono-
clonal mouse anti- human pan- cytokeratin (M351501- 2; Agilent 
Technologies) with 1:50 diluted polyclonal rabbit anti- human CD31 
antibody (ab28364; Abcam), or 1:200 diluted polyclonal rabbit anti- 
human VE- Cadherin (CD144, ab232880; Abcam), or 1:1000 diluted 
polyclonal rabbit anti- human Von Willebrand Factor (VWF, ab6994; 
Abcam) overnight at 4°C; (iii) donkey anti- rabbit AlexaFluor- 488 and 
donkey anti- mouse AlexaFluor- 568 conjugated secondary antibodies 
for 1 hour at RT; and (iv) diamidino- 2- phenylindole for 5 minutes at RT. 
Slides were washed three times for 5 minutes in dH2O and samples 
were then mounted in Vector- Fluorescent Mounting Medium (Vector 
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Laboratories). For immunofluorescence staining of cells, OTSCC cells 
and HUVEC were cultured on Matrigel- coated coverslips. Next, the 
coverslips were washed with PBS and fixed using 4% PFA for 20 min-
utes at RT. Staining was performed using the same protocol described 
above. HUVEC were used as a positive control for CD31 staining. The 
primary antibodies were replaced with an antibody isotype control for 
negative control staining.

2.5 | Immunohistochemical and periodic acid- Schiff 
(PAS) staining

Slides were deparaffinized in a xylene- ethanol series and treated 
with Tris- EDTA pH 9 in a microwave oven (MicroMED T⁄ T Mega 
Histoprocessing Labstation; Milestone Srl) for 15 minutes, fol-
lowed by two 7- minute washes in PBS/Tween (PBST). Slides were 
blocked using Dako peroxidase blocking S2023 for 15 minutes at 
RT, followed by two PBST washes for 7 minutes each. Slides were 
incubated with 1:100 diluted polyclonal rabbit anti- human CD31 an-
tibody (Abcam) for 1 hour at RT, followed by horseradish peroxidase 
(HRP) treatment for 30 minutes at RT. After two washes in PBST, 
slides were then treated with 3,3'- diaminobenzidine (Pierce™ DAB 
Substrate Kit, Thermo Fisher Scientific) for 5 minutes and washed 
with distilled water (dH2O). Slides were incubated with 0.5% freshly 
prepared periodic acid for 10 minutes at RT and washed twice with 
dH2O. Schiff stain was added for 15 minutes, followed by washing 
with running tap water for 15 minutes. Slides were stained with 
Cole's hematoxylin for 6 minutes, washed with running tap water for 
10 minutes, rinsed with dH2O, and mounted in Mountex (HistoLab).

2.6 | Droplet- digital PCR

Droplet- digital PCR (DDPCR) is a highly reliable technology that al-
lows absolute quantification of specific targets and was performed as 
described previously.17 Briefly, the PCR reaction mix (20 μl) contained 
QX200™ EvaGreen® ddPCR™ Supermix (Bio- Rad Laboratories), 
complementary DNA (cDNA) and CD31 primers. CD31 primers 
were forward: 5′- AACAGTGTTGACATGAAGAGCC- 3′ and reverse: 
5′- TGTAAAACAGCACGTCATCCTT- 3′. Samples were loaded into a 
droplet generator cartridge with 70 μl of EvaGreen droplet genera-
tion oil. Next, sample droplets were pipetted into a ddPCR™ 96- well 
plate, sealed in PX1- PCR plate sealer, and loaded into a T100 thermal 
cycler with annealing temperature set to 60°C. The plate was then 
transferred into the droplet reader using QX200™ Droplet Digital™ 
PCR Systems (Bio- Rad Laboratories). The data were analyzed using 
QuantaSoft software version 1.7.4.0917 (Bio- Rad Laboratories).

2.7 | Flow cytometry

The endothelial cell marker CD31 was identified using fluorescence- 
activated cell sorting (FACS) analysis. Cultured HUVEC, HSC- 3, SAS, 

and SCC- 25 cell lines were fixed with 4% PFA as above, then perme-
abilized with 0.1% Triton- X for 10 minutes at RT, followed by three 
washes with PBS. Next, cells were incubated with 4 µl Alexa Fluor® 
488 monoclonal mouse anti- human CD31 (ab187594; Abcam) for 
30 minutes in dark at RT. After three washes with PBS, cells were 
centrifuged at 400 g for 5 minutes, resuspended in 1 ml of ice- cold 
PBS, and run on a BD influx sorter (BD).

2.8 | Tube formation assay

The tube formation assay was performed as previously described.12 
Briefly, a total amount of 100 µl of Matrigel® (Corning) was added 
to 24- well plates and incubated for 30 minutes at 37°C. Cells were 
seeded at a density of 8 × 104 cells/well for HUVEC and 12 × 104 
cells/well for OTSCC cells. The cells were cultured in media supplied 
with and without IL- 17F at a concentration of 10, 50, or 100 ng/ml 
based on our previous study.12 In addition, HSC- 3 cells were also 
treated with sorafenib (LC Laboratories) at a concentration of 1, 
2.5, or 5 µM. Cells were incubated for 8 hours (HUVEC) or 24 hours 
(OTSCC cells) at 37°C, and images of tube formation were taken 
accordingly.

2.9 | Microscopy and image analysis

Imaging for immunofluorescence and immunohistochemical stain-
ing was performed using a Leica DM6000 microscope and a Leica 
TCS SP8 confocal microscope (Leica Microsystems) using magni-
fication powers 20×, 40×, and 63×. Cell culture imaging was per-
formed using a Nikon Eclipse TS100 inverted microscope (Nikon 
Instruments). Images from tube formation assay were analyzed using 
ImageJ software (Wayne Rasband, National Institute of Health).

2.10 | Statistical analysis

Experiments were performed independently at least three times. 
Values are expressed as means ± standard deviation. Data were ana-
lyzed using IBM SPSS Statistics version 24.0 (IBM Corp.). Statistical 
significance was determined using the Mann- Whitney U test and 
Friedman test on independent samples. Statistical significance was 
set at P <.05.

3  | RESULTS

3.1 | OTSCC cells form tube- like structures on 
Matrigel

We first tested whether all OTSCC cells can form tube- like net-
works on a three- dimensional matrix (ie, Matrigel) similar to 
HUVEC. Interestingly, HSC- 3 and SAS cell lines formed distinct 
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interconnected tube- like structures that were similar to the tubes 
formed by HUVEC (Figure 1A- C). However, low- invasive OTSCC 
cells (SCC- 25) did not form any consistent tube- like structures when 
cultured under the same conditions; the cells remained in small cell 
aggregates (Figure 1D).

3.2 | OTSCC cell lines express CD31 in vitro

We performed DDPCR to determine if OTSCC cells express the 
endothelial cell marker CD31 in vitro. Interestingly, all these cell 
lines showed a positive expression of CD31 (average 10 copies/
µl), although it was much less than the positive control (HUVEC) 
(Figure 2A, B). Immunofluorescence staining showed that, similar to 
HUVEC, these cells stained positive for CD31 (Figure 3A). We per-
formed FACS analysis to further confirm these findings. The number 
of CD31+ cells in HSC- 3 (90%) was almost the same as in HUVEC 

(96%), whereas only 44% of SCC- 25 and 1.8% of SAS cells were posi-
tive (Figure 3B; and Figure S1).

3.3 | Different VM patterns identified in 
patient samples

We used the following two staining approaches to study the forma-
tion of VM in OTSCC patient samples: PAS- CD31 assay and double- 
label pan- cytokeratin- CD31 immunofluorescence. Interestingly, we 
identified two different VM- related patterns in OTSCC patient sam-
ples, namely PAS+/CD31-  and pan- cytokeratin+/CD31+ vessel- like 
structures. In addition to the PAS+/CD31-  VM vessels (Figure 4A; 
blue arrow), PAS+/CD31+ blood vessels were also found in the tumor 
microenvironment (TME; Figure 4A; black arrow heads). The pan- 
cytokeratin+/CD31+ structures (ie, mosaic pattern) were detected as 
intratumoral vessel- like channels (Figure 4B).

F I G U R E  1   Cancer cells form tube- like structures on Matrigel. A- C, The high- invasive oral tongue squamous cell carcinoma (OTSCC) 
cell lines (HSC- 3 and SAS) formed interconnected tube- like structures that were similar to the structures formed by human umbilical vein 
endothelial cells (HUVEC) on Matrigel. D, The low- invasive OTSCC cells (SCC- 25) did not form any consistent tube- like structures when 
cultured under the same conditions. Magnification: 4×

(A) (B) (C) (D)

F I G U R E  2   Gene analysis of CD31 in tumor cells. Absolute quantification by droplet- digital PCR revealed positive expression of CD31 
in oral tongue squamous cell carcinoma (OTSCC) cells HSC- 3, SCC- 25, and SAS in vitro (average of approximately 10 copies/µl), which was 
expectedly less than the control (human umbilical vein endothelial cells; HUVEC)
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3.4 | OTSCC formed VM structures in orthotopic 
mouse model

To confirm our findings in an in vivo model, we injected HSC- 3 cells 
into the lateral border of the tongue of 7- week- old BALB/c nude male 
mice as described above. Samples were stained using double immu-
nofluorescence staining against human pan- cytokeratin and several 
endothelial cell markers, including CD31, VE- cadherin (CD144), and 
VWF. Interestingly, we detected human CD31- positive vessels within 
and adjacent to the tumor area, which also contained red blood cells 
(Figure 5A, B; arrows). These human CD31+ vessels were absent in 
the adjacent mouse tissue, thus confirming the specificity of the 
staining antibody (Figure 5C, arrows). The presence of CD31+ vessels 
was further confirmed by confocal microscopy (Figure 5D, arrow). 
Interestingly, HSC- 3 cells were CD144+ regardless of the presence or 
absence of VM. On the other hand, HSC- 3 cells were all negative for 
VWF (Figure 5E- F, respectively). Our staining also showed that the 
vessels formed by the HSC- 3 were most likely functional, as we could 
identify some red blood cells within the tubes (Figure. S2).

3.5 | IL- 17F reduces VM formation in vitro

Recently, we showed that OTSCC cells express IL- 17F receptors 
(IL- 17RA and IL- 17RC) and that IL- 17F has antitumorigenic ef-
fects by reducing tube formation of HUVEC.12 To determine if 
IL- 17F has a similar effect on VM, we cultured HSC- 3 cells on 
Matrigel and incubated them with or without different concen-
trations of IL- 17F. The inhibitory effect of IL- 17F on VM was 
compared with sorafenib, which is an angiogenesis inhibitor cur-
rently used for the treatment of various human cancers. As ex-
pected, we observed a significant reduction in tube formation 
by HSC- 3 cells following treatment with sorafenib for 24 hours 
(Figure 6A). The inhibitory effect of sorafenib was observed at 
concentrations of 1- 5 µM. Interestingly, treatment with IL- 17F 
produced similar inhibitory effects on the formation of tube- like 
structures in HSC- 3 cells compared with control. The clearest in-
hibitory effect of IL- 17F on VM was observed at a concentration 
of 100 ng/ml, which mimicked the sorafenib- mediated effect at 
1 µM (Figure 6A).

F I G U R E  3   Double- label immunofluorescence and FACS analysis of CD31. A, Cultured oral tongue squamous cell carcinoma (OTSCC) cell 
lines showed distinct positive staining of CD31. Magnification: 20× and 63×. B, Representative profiles from FACS of OTSCC cells revealed a 
CD31 expression level of 96% (human umbilical vein endothelial cells; HUVEC), 90% (HSC- 3), 44% (SCC- 25), and 1.8% (SAS)
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F I G U R E  4   Identification of vasculogenic mimicry (VM) structures in oral cancer patients. A, Identification of PAS+/CD31-  VM structures. 
Paraffin- embedded resection samples from oral tongue squamous cell carcinoma (OTSCC) patients were stained with anti- human CD31 
(brown), periodic acid- Schiff (PAS: pink), and hematoxylin (purple). PAS+/CD31-  vessel- like structures (blue arrow) and PAS+/CD31+ blood 
vessels (black arrow heads) were identified. Magnification: 40×. B, Identification of pan- cytokeratin+/CD31+ mosaic pattern of VM. Pan- 
cytokeratin+/CD31+ mosaic structures of VM in OTSCC patients (pan- cytokeratin: red; CD31: green)

F I G U R E  5   Identification of VM structures in an orthotopic mouse model of oral cancer. A, Surgical specimens of an orthotopic mouse 
model of oral tongue squamous cell carcinoma (OTSCC) showed formation of vessels positive for human CD31 (pan- cytokeratin: red; CD31: 
green) within and adjacent to the tumor area (arrows). B- C, Human CD31+ vessels were not found in the adjacent mouse tissue (arrows). D, 
Confocal microscopy confirmed the presence of CD31+ vessels in vivo. E, Human tumor cells showed abundant staining intensity of CD144 
(VE- cadherin). F, No evident staining pattern of Von Willebrand factor was observed in the orthotopic mouse model of OTSCC (green: red 
blood cell autofluorescence). Magnification: 40×

F I G U R E  6   A, Interleukin- 17F inhibits formation of vasculogenic mimicry (VM) in vitro. The effect of IL- 17F on VM formation on Matrigel 
was compared with the angiogenesis inhibitor sorafenib. When treated with sorafenib for 24 h, HSC- 3 cells showed reduction in tube 
formation at concentrations of 1- 5 µM. Similarly, IL- 17F inhibited the formation of the tube- like structures in HSC- 3 cells compared with 
control, with the greatest effect observed at 100 ng/ml. Magnification: 4×. B, Interleukin- 17F reduces the parameters of VM in vitro. A tube 
formation analysis tool was used to further analyze the IL- 17F effect on VM parameters. IL- 17F at 100 ng/ml reduced almost all VM- related 
parameters in HSC- 3, including number of nodes (P =.001), number of junctions (P =.001), number of meshes (P =.02), total length (P =.004), 
and number of segments (P =.009). Total mesh areas were also reduced by IL- 17F, but the difference was not significant compared with the 
controls. Experiments were performed independently at least three times. Values are expressed as means ± SD. Mann- Whitney U test and 
Friedman test were performed on independent samples
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Next, we used the tube formation analysis assay to further de-
termine the effect of IL- 17F on VM parameters. IL- 17F at 100 ng/
ml reduced almost all VM- related parameters in HSC- 3, including 

number of nodes (P =.001), number of junctions (P =.001), num-
ber of meshes (P =.02), total length (P =.004), and number of seg-
ments (P =.009). Although total mesh areas were also reduced by 
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IL- 17F, the difference was not significant compared with controls 
(Figure 6B).

4  | DISCUSSION

Oral tongue squamous cell carcinoma is one of the most common 
forms of HNSCC and is characterized by rapid growth and metasta-
sis.1,2 To grow and metastasize, tumor cells interact with various cel-
lular and molecular constituents of the TME, including inflammatory 
cells, endothelial cells, and cytokines, among others.17 One of the 
most important aspects of TME interaction is to provide tumor cells 
with sufficient nutritional support by inducing angiogenesis, which 
promotes invasion and metastasis.18,19 In addition to tumor- induced 
angiogenesis (“neoangiogenesis”), VM was identified as a tumor mi-
crocirculation model, where tumor cells can form de novo vessel- like 
channels independently from endothelial cells.20,21 Importantly, we 
showed in a recent meta- analysis that HNSCC patients with posi-
tive VM had significantly shorter overall survival than VM- negative 
patients.14

The TME profile influences patient prognosis and significantly 
impacts the efficacy of anticancer therapies, therefore providing 
a wide range of promising therapeutic targets.18 In this regard, 
we showed that positive expression of mast cell– derived extra-
cellular IL- 17F at the invasive front correlated with better overall 
survival of OTSCC patients.11 Furthermore, we recently reported 
that OTSCC cells express IL- 17F receptors (IL- 17RA and IL- 17RC) 
and that IL- 17F reduced OTSCC cell proliferation and strongly 
suppressed HUVEC tube formation.12 In many aggressive can-
cers, including OTSCC, tumor cells are able to tolerate harsh mi-
croenvironmental conditions such as the immune cell responses 
and hypoxia. The VM represents one of these important “evasion” 
pathways.13 Therefore, it is important to identify new molecules 
for targeting VM for therapeutic purposes. Here, we further 
demonstrated that IL- 17F has an inhibitory effect on HSC3 cell– 
formed VM structures in vitro.

The formation of VM in a 3D culture has been shown in dif-
ferent cancer cells, including those from primary and metastatic 
OTSCC.22 Here, we confirmed the ability of certain invasive OTSCC 
cells (HSC- 3 and SAS cells) to form VM structures on Matrigel, where 
they formed capillary- like networks similar to HUVEC. Interestingly, 
the less invasive SCC- 25 cells were unable to form tube- like struc-
tures, which supports the observation that VM is more commonly 
encountered in aggressive tumors.23 A strong immunoreactivity of 
endothelium- related proteins (CD31 and CD34) has been identified 
in human aggressive cancer cells, such as melanoma and gastric 
adenocarcinoma, which suggests that these proteins play a role in 
VM formation.24,25 In particular, CD31 is an integral membrane pro-
tein that has also been found in robust stem cells, which induced 
strong vasculogenic properties in blood- derived CD31+ cells.26,27 
Consistent with this, DDPCR and immunofluorescence staining 
showed that the cultured OTSCC cell lines were CD31+. However, 
although SAS cells expressed CD31 mRNA and formed distinct VM 

in vitro, they were negative for CD31 when analyzed using FACS. 
Additionally, when injected in mice tongue, a large percentage of 
HSC- 3 cells, even without tube formation, were CD144+ and some 
were CD31+. VE- cadherin is believed to be specific for endothelial 
cells and has also been found in a wide variety of aggressive tu-
mors and is linked with VM formation.28 VWF was not expressed by 
HSC- 3 cells. These findings could partly be related to differences in 
nutrient and oxygen supply between the in vivo environment and in 
vitro assays.29

VM was initially identified as PAS- positive/CD31-  or CD34-  
vessel- like channels lined by tumor cells.30 However, this concept 
has been further promoted with recognition of the mosaic vessel 
model, where the luminal surface is lined by both cancer cells and 
endothelial cells.31 This is supported by the plasticity of cancer 
stem cells to transdifferentiate into vascular endothelial- like cells 
and to induce VM in aggressive cancers, such as glioblastoma.32 
Furthermore, we observed that the invasive OTSCC cell line, HSC- 3, 
expresses a functional lymphatic endothelial cell marker (ie, LYVE- 1), 
which can influence cell migration and vessel- like network forma-
tion.33 In the present study, we identified both the mosaic model 
(pancytokeratin+/CD31+) and classical PAS+/CD31-  vessel- like struc-
tures in OTSCC patient samples. Importantly, we also detected the 
formation of a vessel- like pattern in the orthotopic animal model, 
which supports previous reports on the ability of cancer stem cells 
to form VM in vivo.34,35 Thus, our findings suggest that in addition to 
the traditional PAS+/CD31-  pattern, the mosaic model is also import-
ant when identifying VM structures.

Recently, we reported that IL- 17F has promising anticancer prop-
erties in vitro by inhibiting tube formation of cultured HUVEC in a 
dose- dependent manner.12 Here, we sought to further investigate 
such effect of IL- 17F in vitro compared with an FDA- approved an-
giogenesis inhibitor. We used the kinase inhibitor sorafenib because 
of its ability to inhibit the VEGF receptor family, which is involved in 
tumor angiogenesis and progression.36- 38 In this context, it is inter-
esting that IL- 17F produced a significant reduction in HSC- 3– formed 
VM structures similar to sorafenib. The peak inhibitory effect of IL- 
17F was observed at 100 ng/ml, which is the same concentration 
that produced the most promising anticancer effects in our previ-
ous in vitro assays. We have shown that IL- 17F at this concentration 
reduced the proliferation and random migration of HSC- 3 cells.12 
However, this effect on tongue cancer cell proliferation was modest 
(16%), which most likely is not sufficient to explain the effects on 
tube formation. In this regard, IL- 17F has been shown to downregu-
late key proangiogenic cytokines, such as IL- 6, IL- 8, and VEGF, which 
could inhibit tumor angiogenesis.9 Another study indicated that IL- 
17F plays a potent inhibitory role in tumorigenesis in vivo by influ-
encing VEGF levels and CD31+ cells, leading to inhibition of tumor 
angiogenesis.7

In conclusion, we confirmed previous reports about VM in in 
vitro and in vivo and provided evidence on the presence of two VM 
patterns in OTSCC. We also demonstrated that IL- 17F exhibits a po-
tential therapeutic effect in OTSCC by inhibiting cancer cell– formed 
VM structures in vitro. In fact, the inhibition of VM could halt tumor 
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progression and could therefore provide an important therapeutic 
approach.20 This appears consistent with the promising anticancer 
effects of IL- 17F. However, we acknowledge several limitations in 
our report, such as the lack of perfusion analysis to verify VM func-
tionality. Furthermore, the inhibitory effect of IL- 17F on the forma-
tion of VM needs to be assessed in an appropriate in vivo model. 
Therefore, further studies are warranted to investigate the mecha-
nistic effects of IL- 17F on VM in OTSCC.
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