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Abstract Background/purpose: Head and neck squamous cell carcinoma (HNSCC) is an

aggressive malignancy distinguished by marked invasiveness, a high metastatic propensity,

and poor prognosis. Cancer-associated fibroblasts (CAFs) within the tumour microenvironment

secrete numerous mediators that accelerate tumour progression; however, the precise contri-

bution of CAF-derived interleukin-32 (IL-32) remains unclear. This study examined the influ-

ence of CAF-derived IL-32 on invasion, epithelial—mesenchymal transition (EMT), and

cancer-stem-cell (CSC) traits in HNSCC.

Materials and methods: Primary CAFs and normal fibroblasts (NFs) were isolated from HNSCC

specimens. IL-32 expression was quantified by microarray analysis, quantitative PCR, Western

blotting, and enzyme-linked immunosorbent assay. Migration and invasion of FaDu and
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transition;

Cancer stem cells
SCC25 cells were assessed with Transwell assays after exposure to CAF-conditioned medium or

recombinant IL-32. EMT markers were evaluated by Western blotting, whereas sphere-

formation assays and flow cytometry for CD133þ/CD44þ/CD24þ populations were used to

determine stemness.

Results: IL-32 was significantly up-regulated in CAFs compared with NFs. Both CAF-conditioned

medium and recombinant IL-32 markedly increased the migratory and invasive capacities of

HNSCC cells. These treatments reduced E-cadherin and increased Vimentin, Snail, and Twist

expression, while enhancing sphere formation and expanding CD24þ, CD44þ and CD133þ

sub-populations.

Conclusion: CAFs promote HNSCC progression through IL-32-mediated enhancement of inva-

sion, EMT induction, and CSC properties. Targeting IL-32 signalling may represent a promising

therapeutic approach to improve outcomes in HNSCC.

© 2026 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier

B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).

Introduction

Head and neck squamous cell carcinoma (HNSCC) repre-

sents a considerable global health burden,1 with more than

600 000 new diagnoses each year,2,3 particularly in regions

where tobacco, alcohol, and betel-nut consumption are

prevalent.4 Despite advances in surgery, radiotherapy, and

chemotherapy, the five-year survival rate remains dismal

owing to frequent locoregional recurrence and distant

metastasis.5 These clinical shortcomings are driven not only

by intrinsic genetic alterations but also by the complex

influence of the tumour micro-environment (TME).6

The TME comprises stromal cells, immune infiltrates,

and extracellular-matrix components that collectively

regulate tumour growth, invasion, and treatment

response.7 Persistent inflammation mediated by cytokines

such as interleukin (IL)-1β, IL-6,8 and tumour necrosis fac-

tor-α (TNF-α) fosters genomic instability, angiogenesis, and

matrix remodelling, thereby facilitating malignant dissem-

ination. Elucidating these multifaceted interactions is

essential for identifying therapeutic targets capable of

disrupting stromal support for tumour progression.9,10

Among stromal constituents, cancer-associated fibro-

blasts (CAFs) are pivotal.11 Characterised by activation

markers including α-smooth-muscle actin and vimentin,

CAFs secrete cytokines (e.g., IL-6, IL-8, and stromal-

derived factor-1) alongside extracellular-matrix proteins

that enhance epithelial—mesenchymal transition (EMT),

invasion, and metastatic potential.12 Increased CAF density

in HNSCC specimens is consistently associated with an

unfavourable prognosis.13 Emerging evidence indicates that

interleukin-32 (IL-32) a pro-inflammatory cytokine abun-

dantly expressed by CAFs-may also drive aggressive tumour

behaviour;14,15 nevertheless, its precise role in HNSCC re-

mains poorly defined.

Originally described for its immunomodulatory func-

tions, IL-32 activates oncogenic pathways such as nuclear

factor-κB and signal transducer and activator of transcrip-

tion 3, both implicated in tumour invasiveness and thera-

peutic resistance.16,17 However, the mechanistic link

between CAF-derived IL-32 and HNSCC malignancy has not

yet been delineated. Accordingly, we sought to determine

whether CAF-derived interleukin-32 (IL-32) contributes to

invasion, epithelial—mesenchymal transition, and cancer-

stem-cell traits in HNSCC, to inform future stromal-

targeted approaches.

Materials and methods

Patient specimens and fibroblast isolation

Fresh HNSCC tumours and adjacent macroscopically normal

mucosa were obtained from patients undergoing resection

at Kaohsiung Veterans General Hospital, Taiwan (IRB no.

KSVGH20-CT4-19). Tissues were finely minced, digested in

DMEM/F12 containing 1 mg mL�1 type I collagenase, filtered

through a 70 μm nylon mesh, and pelleted at 300 g for

10 min. Cells were cultured in DMEM/F12 supplemented

with 10 % (v/v) fetal bovine serum (FBS). Spindle-shaped

fibroblast colonies emerged within two weeks; cancer-

associated fibroblasts (CAFs) and normal fibroblasts (NFs)

were distinguished morphologically and confirmed by

immunocytochemistry for α-smooth-muscle actin and

vimentin. Passages 3—6 were used in all experiments.

HNSCC cell lines and culture conditions

FaDu (hypopharyngeal) and SCC25 (tongue) HNSCC cell lines

were obtained from the American Type Culture Collection

(ATCC; Manassas, VA, USA). Cells were maintained in Dul-

becco’s modified Eagle medium/F12 containing 10 % FBS

and 1 % penicillin—streptomycin at 37 �C in a humidified 5 %

CO2 atmosphere. Sub-culturing was carried out at 70—80 %

confluence using 0.05 % trypsin—EDTA (Gibco, Grand Island,

NY, USA).

Genchip analysis

Total RNA was extracted from CAFs and NFs with the RNeasy

Mini Kit (Qiagen, Valencia, CA, USA) and its integrity

assessed on an Agilent 2100 Bioanalyzer (Agilent
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Technologies, Santa Clara, CA, USA). cDNA synthesis,

labelling, and hybridisation were performed on the Gen-

eChip™ Human Genome U133 Plus 2.0 Array (Affymetrix,

Santa Clara, CA, USA) following the manufacturer’s proto-

col. Arrays were processed on an Affymetrix Fluidics Station

and scanned with a GeneChip™ Scanner 3000. Data nor-

malisation and statistical analysis were undertaken in

GeneSpring GX (Agilent Technologies). Genes exhibiting >

2-fold change with P < 0.05 were deemed differentially

expressed.

Quantitative real-time PCR (qPCR)

Total RNA was isolated from cultured fibroblasts and HNSCC

cell lines with TRIzol reagent (Invitrogen, Waltham, MA,

USA) or an equivalent extraction kit, following the manu-

facturer’s instructions. One microgram of RNA was reverse-

transcribed to first-strand cDNA using the High-Capacity

cDNA Reverse Transcription Kit (Applied Biosystems, Wal-

tham, MA, USA). qPCR reactions were prepared with SYBR™

Green PCR Master Mix (Applied Biosystems) and run on an

ABI 7500 Fast Real-Time PCR System. The following primers

were used in Table S1. Thermocycling conditions were 95 �C

for 2 min, followed by 40 cycles of 95 �C for 10 s and 60 �C

for 30 s. Relative gene expression was determined by the 2̂

(�ΔΔCt) method, normalizing each target gene to GAPDH.

Western blotting

CAFs, NFs, FaDu and SCC25 cells were lysed in RIPA buffer

(50 mM Tris—HCl, pH 7.4; 150 mM NaCl; 1 % NP-40; 0.25 %

sodium deoxycholate) with protease/phosphatase in-

hibitors. Protein concentration was determined by BCA.

Equal amounts (20—40 μg) were resolved on 8—12 %

SDS—PAGE and transferred to PVDF membranes. Membranes

were blocked for 1 h at room temperature in 5 % non-fat

milk/TBS-T (20 mM Tris, 150 mM NaCl, 0.1 % Tween-20) and

incubated overnight at 4 �C with primary antibodies are

listed in Table S2. After TBS-T washes, blots were incubated

with HRP-conjugated secondary antibodies for 1 h. Signals

were developed by enhanced chemiluminescence and

captured on film or a CCD imager. Band intensities were

quantified in ImageJ and normalised to beta-tubulin.

Enzyme-linked immunosorbent assay for IL-32

Conditioned media from CAFs and NFs were collected after

24—48 h in serum-free DMEM/F12, centrifuged at 1 000�g

for 5 min to remove debris, and stored at �80 �C. IL-32

concentration was measured with a human IL-32 ELISA kit

(Millipore) following the supplier’s protocol. Samples and

standards were added to 96-well plates pre-coated with

anti-IL-32 capture antibodies, followed by biotinylated

detection antibody and streptavidin—HRP. Absorbance at

450 nm was recorded on a microplate reader, and concen-

trations were extrapolated from a standard curve gener-

ated with recombinant IL-32.

Migration and invasion assays

Cell motility was assessed in Transwell chambers with 8 μm-

pore polycarbonate membranes (Corning, NY, USA). FaDu

Figure 1 Cancer-associated fibroblasts (CAFs) over-express interleukin-32 (IL-32) relative to normal fibroblasts (NFs). Phase-

contrast micrographs showing the spindle-shaped morphology of NFs and the larger, irregular polygonal appearance of CAFs.

Scale bars � 500 μm (A). Quantitative real-time PCR analysis of α-smooth-muscle actin (α-SMA) and vimentin transcripts; data are

mean � SD (n � 3), **P < 0.001 versus NF (B). Immunoblotting of α-SMA and vimentin in NFs and CAFs; β-tubulin serves as a loading

control (C). Heat-map of cytokine-related genes from cDNA microarray profiling (green � down-regulation, red � up-regulation).

The red arrow highlights IL-32, which shows > 2-fold up-regulation in CAFs (D). qPCR validation of IL-32 mRNA expression;

mean � SD (n � 3), **P < 0.001 versus NF (E). ELISA quantification of secreted IL-32 in conditioned medium collected at 6, 12 and

24 h; mean � SD (n � 3), *P < 0.05 versus NF at the corresponding time-point (F). Immunoblot of cellular IL-32 protein; β-tubulin is

the loading control and red numbers indicate relative band intensity normalised to NF. Together, these data confirm that CAFs are a

major source of IL-32 within the HNSCC tumour microenvironment (G).
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and SCC25 cells pre-treated with CAF-CM or recombinant

IL-32 (rIL-32; 50 ng mL�1) were seeded (1 � 105 cells) in

serum-free medium into the upper chamber. For invasion

assays, inserts were pre-coated with Matrigel diluted 1:5 in

serum-free medium; 2 � 105 cells were used and incubated

for 24—48 h. The lower chamber contained complete me-

dium. Non-migratory cells were removed; membranes fixed

in 4 % paraformaldehyde, stained with 0.1 % crystal violet,

underside cells counted in five fields. Results are expressed

as mean � SD (n � 3).

Three-dimensional organotypic culture

A collagen-I/Matrigel mixture (1:1; final collagen concen-

tration 2 mg mL�1) containing 5 � 106 CAFs was dispensed

into 12 mm cell-culture inserts (Millipore) and allowed to

polymerise for 1 h at 37 �C. HNSCC cells (2 � 105) were then

seeded on the gel surface. Cultures were maintained at an

air—liquid interface, with medium changed every 2—3 d.

After 14 d, gels were fixed in 10 % neutral-buffered formalin,

paraffin-embedded, and sectioned at 4 μm. Sections were

stained with haematoxylin and eosin (H&E) and examined

under a bright-field microscope (Leica Microsystems, Wet-

zlar, Germany). Invasion depth was quantified in ImageJ.

Flow cytometry for CSC markers

Cells were harvested, washed in PBS, and incubated for

30 min at 4 �C with fluorochrome-conjugated antibodies

against CD24 (PE), CD44 (FITC), and CD133 (FITC) (BD Bio-

sciences, USA). After washing, fluorescence was analysed

on a flow cytometer, and data processed with FlowJo

(Ashland, OR, USA). Results represent mean � SD of three

independent experiments.

Immunohistochemistry (IHC) and scoring

FFPE HNSCC (n � 35) 4-μm sections were deparaffinised,

rehydrated, and retrieved (10 mM citrate, pH 6.0, 20 min).

After blocking (3 % H2O2; 5 % serum), sections were incu-

bated overnight at 4 �C with anti-IL-32 (Abcam), detected

by HRP—DAB, counterstained with haematoxylin. Two

Figure 2 Interleukin-32 (IL-32) induces EMT in HNSCC cells, and neutralisation of IL-32 attenuates EMT-associated morphology

and proteins. Phase-contrast images of FaDu and SCC25 cells cultured for 24 h in control medium, CAF-conditioned medium (CAF-

CM), recombinant IL-32 (rIL-32, 50 ng mL�1), or CAF-CM plus an IL-32-neutralising antibody (IL-32 Ab). CAF-CM and rIL-32 induce

elongated, spindle-like morphology with microspike-like protrusions (red arrows), whereas addition of IL-32 Ab markedly sup-

presses these features. Scale bars � 200 μm (A). Immunoblots showing EMT-related protein changes in FaDu and SCC25 cells with or

without rIL-32. rIL-32 increases IL-32, Snail, Twist, Vimentin and Fibronectin, while reducing the epithelial marker E-cadherin. β-

Tubulin serves as the loading control (B). Western-blot comparison of CAF-CM versus CAF-CM þ IL-32 Ab. Neutralising IL-32 di-

minishes IL-32, Snail and Twist, restores E-cadherin, and lowers Vimentin and Fibronectin levels (C). Together these data confirm

that IL-32 is sufficient to trigger EMT in head and neck squamous cell carcinoma cells.

N.-T. Liu, S.-H. Yang, Y.-M. Chang et al.

478



blinded observers scored tumour cells and fibroblasts for

intensity 0—3þ and % area; data were dichotomised for

analysis as Low (0/1þ) vs High (2/3þ); discrepancies were

resolved by consensus.

Statistical analysis

All experiments were performed at least in triplicate. Data

are presented as mean � standard deviation (SD). Two-

group comparisons employed the two-tailed Student’s t-

test, while multiple comparisons used one-way ANOVA with

Tukey’s post-hoc test. A P-value <0.05 was considered

statistically significant. Analyses were conducted in

GraphPad Prism (version X; GraphPad Prism, San Diego,CA,

USA) or SPSS Statistics (IBM, Armonk, NY, USA).

Results

cDNA microarray identifies IL-32 as markedly up-

regulated in CAFs

Morphologically, normal fibroblasts (NFs) displayed a uni-

form spindle-shaped appearance, whereas cancer-

Figure 3 CAF-derived interleukin-32 (IL-32) promotes migration and invasion of HNSCC cells, and IL-32 neutralisation reverses

these effects. Migration assay. Crystal-violet-stained FaDu and SCC25 cells that traversed 8 μm Transwell filters after 24 h in control

medium, CAF-CM or recombinant IL-32 (50 ng mL�1) or CAF-CM plus an IL-32-neutralising antibody (CAF-CM þ IL-32 Ab). CAF-CM and

rIL-32 markedly increased motility, whereas addition of IL-32 Ab reduced migration towards near-baseline levels. Right, quanti-

fication as fold change relative to control (mean � SD, n � 3; one-way ANOVA with Tukey’s post-hoc; **P < 0.01 vs control). Scale

bars � 1 mm (A). Invasion assay. Cells were seeded on Matrigel-coated inserts and allowed to invade for 48 h under the same

conditions. Quantification (right) indicates a significant 1.5- to 2-fold increase in invading cells with CAF-CM or rIL-32, while IL-32

Ab blunted this effect (mean � SD, n � 3; **P < 0.01 vs control). Scale bars � 1 mm (B). Three-dimensional organotypic model.

Haematoxylin-and-eosin-stained sections of collagen/Matrigel gels populated with normal fibroblasts (NF) or CAFs and overlaid with

FaDu or SCC25 cells. After 14 d, CAF co-culture produced deeper epithelial invasion (arrows) compared with NF controls, whereas

inclusion of IL-32 Ab with CAF-CM largely abolished invasion. Scale bars � 1 mm (C). Collectively, these data confirm that CAF-

secreted IL-32 potentiates HNSCC cell migration and invasion in both 2-D and physiologically relevant 3-D settings.
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associated fibroblasts (CAFs) were larger, irregular, and

polygonal (Fig. 1A). Quantitative real-time PCR (qPCR)

(Fig. 1B) and Western blotting (Fig. 1C) confirmed signifi-

cantly higher expression of α-smooth-muscle actin (α-SMA)

and vimentin in CAFs, consistent with their activated

phenotype. Global gene-expression profiling by cDNA

microarray revealed a > 2-fold increase in IL-32 transcripts

in CAFs relative to NFs (Fig. 1D). These findings were vali-

dated by qPCR (Fig. 1E), ELISA (Fig. 1F), and Western blot-

ting (Fig. 1G), all of which showed significantly greater IL-32

mRNA and protein levels in CAFs (P < 0.001 and P < 0.05).

CAF-conditioned medium contained two-to three-fold more

secreted IL-32 than NF medium, indicating that CAFs are a

major source of this pro-inflammatory cytokine in the

HNSCC tumour micro-environment.

IL-32 drives epithelial—mesenchymal transition in

HNSCC cells

FaDu and SCC25 cells exposed to CAF-conditioned medium

(CAF-CM) or recombinant IL-32 (rIL-32) adopted an elon-

gated, spindle-like morphology characteristic of

epithelial—mesenchymal transition (EMT), whereas control

cells retained a cobblestone epithelial appearance

(Fig. 2A). Importantly, addition of an IL-32-neutralising

antibody to CAF-CM largely abolished these morphological

changes (Fig. 2A). Western blotting confirmed marked

down-regulation of the epithelial marker E-cadherin and

concomitant up-regulation of mesenchymal markers

Vimentin, Fibronectin, Snail, and Twist in treated cells

(Fig. 2B), while IL-32 neutralisation in CAF-CM restored E-

Figure 4 Interleukin-32 (IL-32) enhances cancer-stem-cell (CSC) properties in HNSCC cells. Representative phase-contrast mi-

crographs of tumourspheres formed by FaDu and SCC25 cells cultured for 10 days in serum-free medium with or without recom-

binant IL-32 (rIL-32, 50 ng mL�1). rIL-32 treatment markedly increases both sphere size and number. Scale bars � 1 mm (A).

Immunoblots showing stemness-associated transcription factors Oct-4, SOX2 and NANOG in control (WT) and rIL-32-treated cells. β-

Tubulin serves as a loading control; rIL-32 elevates all three markers, indicating augmented stemness (B). Flow-cytometric analysis

of surface CSC markers. Histograms illustrate CD24, CD44 and CD133 expression profiles for WT and rIL-32-treated FaDu (left) and

SCC25 (right) populations; M2 gates (purple) represent positive cells. Bar graphs (bottom) depict mean � SD fold change in CD44þ/

CD24þ and CD133þ subsets (n � 3). *P < 0.05; ***P < 0.001 versus control (two-tailed t-test). These data demonstrate that IL-32 not

only drives EMT and invasion but also potentiates CSC traits in head and neck squamous cell carcinoma cells (C).
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cadherin and lowered Snail, Twist, Vimentin and Fibro-

nectin relative to CAF-CM alone (Fig. 2C). Collectively,

these data indicate that IL-32 is sufficient to trigger EMT

and is a key mediator of CAF-driven EMT in HNSCC.

CAF-derived IL-32 enhances HNSCC cell migration

and invasion

Transwell assays showed that CAF-CM or rIL-32 (50 ng mL�1)

significantly increased the migratory and invasive capac-

ities of FaDu and SCC25 cells compared with controls

(1.5—2.0-fold; P < 0.01) Addition of an IL-32-neutralising

antibody to CAF-CM (CAF-CM þ IL-32 Ab) markedly blunt-

ed these effects, reducing migrated and invaded cell

numbers towards baseline and significantly lower than CAF-

CM alone (P < 0.05) (Fig. 3A and B). In collagen/Matrigel

cultures, co-culture with CAFs or rIL-32 treatment drove

substantially deeper epithelial invasion over 14 days

compared with NF controls (P < 0.05), whereas inclusion of

IL-32 Ab with CAF-CM largely abolished the invasive front,

confirming that CAF-secreted IL-32 is a key mediator of

HNSCC invasion in a physiologically relevant setting.

IL-32 augments cancer-stem-cell properties

Sphere-formation assays revealed that rIL-32 significantly

increased both the size and number of tumourspheres

generated by FaDu and SCC25 cells (Fig. 4A). Western blot

analysis demonstrated elevated expression of stemness

factors OCT4, SOX2, and Nanog in IL-32-treated cells

(Fig. 4B). Flow-cytometric profiling showed higher pro-

portions of CD24þ, CD44þ, and CD133þ sub-populations

following IL-32 exposure (Fig. 4C). Collectively, these re-

sults indicate that IL-32 not only promotes EMT and invasion

but also endows HNSCC cells with enhanced cancer-stem-

cell characteristics, thereby contributing to tumour

aggressiveness and potential recurrence.

IL-32 is highly expressed in HNSCC tissues and

associates with poorer survival

Immunohistochemistry showed cytoplasmic IL-32 staining in

tumour nests and CAF-rich stroma. Cases were stratified by

intensity as Negative, Low (1þ), or High (2þ/3þ): 3/35

(8.6 %) Negative, 11/35 (31.4 %) Low, and 21/35 (60.0 %)

High (Fig. 5A). For analyses, specimens were dichotomised

into Low (0/1þ) versus High (2/3þ). Kaplan—Meier curves

demonstrated significantly poorer overall survival for the

High IL-32 group compared with the Low group (log-rank

P � 0.025; Fig. 5B). These clinicopathological data align

with our in-vitro findings and support IL-32 as a marker of

aggressive disease biology in HNSCC.

Discussion

Our data demonstrate that cancer-associated fibroblasts

(CAFs) are a dominant stromal source of interleukin-32 (IL-

32) in HNSCC and that IL-32 is a key effector of malignant

progression. CAFs showed an activated phenotype (α-SMA/

vimentin),18 and cDNA microarray/qPCR/ELISA/Western

blot confirmed marked IL-32 up-regulation and secretion.

Functionally, CAF-CM or rIL-32 induced a classic EMT

phenotype in FaDu and SCC25 cells―spindle-like

morphology with microspikes, loss of E-cadherin, and gains

in vimentin, fibronectin, Snail and Twist.19

These effects were attenuated by an IL-32-neutralising

antibody, which restored epithelial features and reduced

EMT markers. Consistently, migration, invasion and three-

dimensional organotypic assays showed that IL-32 drives

motility and matrix penetration, whereas IL-32 blockade

Figure 5 Clinicopathological relevance of interleukin-32 (IL-32) in HNSCC tissues. Representative immunohistochemistry (IHC)

for IL-32 in human HNSCC sections stratified by staining intensity: Negative, Low (1þ), and High (2þ/3þ). Fractions above panels

indicate case numbers in each category (negative 3/35, low 11/35, high 21/35). Brown chromogen (DAB) marks IL-32-positive cells

with haematoxylin counterstain. Black arrows denote tumour cells; red arrows indicate stromal fibroblasts. Scale bars as indicated

(A). Kaplan—Meier analysis of overall survival for patients grouped by IL-32 expression (High: 2þ/3þ; Low: 0/1þ). High IL-32

expression is associated with poorer survival (log-rank P � 0.025) (B).
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blunted these behaviours. IL-32 also strengthened cancer-

stem-cell traits,20 increased sphere-forming efficiency,

elevated core stemness transcription factors (OCT4, SOX2,

Nanog),21,22 and expanded CD24þ, CD44þ, and CD133þ sub-

populations.23—25 Finally, tissue immunohistochemistry

linked high IL-32 expression to poorer overall survival,

underscoring clinical relevance. The enrichment of CSC

traits is clinically pertinent, as CSCs drive recurrence,

metastatic spread, and resistance to conventional

therapies.26

These mechanistic insights complement clinical evidence

that Fusobacterium nucleatum and IL-32 co-predict nodal

metastasis pre-operatively in head and neckcancer; whereas

that study positions IL-32 as a predictive biomarker, we

delineate how CAF-derived IL-32 drives invasion and

dissemination through EMT and stemness programmes,

implicating a convergent dysbiosis—inflammation—stromal

IL-32 axis in metastatic risk.17

Our data indicate that IL-32 is enriched in cancer-

associated fibroblasts and, under experimental conditions,

is associated with EMT-like changes, increased motility and

invasion, and stemness-related features in HNSCC cells;

these effects were attenuated by IL-32 neutralisation. In

tissue samples, higher IL-32 expression was associated with

poorer survival in this cohort. While supportive of a role for

IL-32 within the tumour—stroma axis, these findings should

be interpreted cautiously and validated in vivo before any

clinical application is considered. If corroborated, IL-32

may warrant evaluation as a biomarker and a potential

stromal-directed target, including in combination with anti-

EMT and anti-CSC approaches.
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