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Abstract
Background Prolonged inflammation during tendon healing and poor intrinsic healing capacity of tendon are 
causal factors associated with tendon structural and functional degeneration. Tendon cells, consisting of mature 
tenocytes and tendon progenitor cells (TPC) function to maintain tendon structure via extracellular matrix (ECM) 
synthesis. Tendon cells can succumb to tissue cytokine/chemokine alterations during healing and consequently 
contribute to tendon degeneration. Interleukin-(IL-)1β, IL-6 and TNFα are key cytokines upregulated in injured 
tendons; the specific effects of IL-6 on flexor tendon-derived TPC have not been discerned.

Methods Passage 3 equine superficial digital flexor tendon (SDFT)-derived TPC were isolated from 6 horses. IL-6 
impact on the viability (MMT assay with 0, 1, 5 and 10 ng/mL concentrations), migration (scratch motility assay at 0, 
10ng/mL concentration) of TPC in monolayer culture were assessed. IL-6 effect on tendon ECM and chondrogenic 
gene expression (qRT-PCR), TGFβ1 gene expression and activity (ELISA), and MMP-1, -3 and − 13 gene expression of 
TPC was evaluated.

Results IL-6 decreased TPC viability and migration. IL-6 treatment at 10 ng/mL significantly up-regulated TGFβ1 gene 
expression (6.3-fold; p = 0.01) in TPC, and significantly increased the TGFβ1 concentration in cell culture supernates. 
IL-6 (at 10 ng/mL) significantly up-regulated both tendon ECM (COL1A1:5.3-fold, COL3A1:5.4-fold, COMP 5.5-fold) and 
chondrogenic (COL2A1:3.9-fold, ACAN:6.2-fold, SOX9:4.8-fold) mRNA expression in TPC. Addition of SB431542, a TGFβ1 
receptor inhibitor, to TPC in the presence of IL-6, attenuated the up-regulated tendon ECM and chondrogenic genes.

Conclusion IL-6 alters TPC phenotype during in vitro monolayer culture. Pro- and anti-inflammatory roles of IL-6 have 
been implicated on tendon healing. Our findings demonstrate that IL-6 induces TGFβ1 activity in TPC and affects 
the basal TPC phenotype (as evidenced via increased tendon ECM and chondrogenic gene expressions). Further 
investigation of this biological link may serve as a foundation for therapeutic strategies that modulate IL-6 to enhance 
tendon healing.
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Background
Achilles and superficial digital flexor tendinopathies from 
overuse due to athletic activities in people and horses, 
respectively, are debilitating and common. Disrupted col-
lagen fibers and increased ground substance within the 
tendons reduces the mechanical strength of tissue, and 
consequently predisposes the individual to repeat tendon 
injuries (up to 50–60%) [1–3]. Persistent and prolonged 
inflammation during tendon healing combined with the 
poor intrinsic healing capacity of tendons are key causal 
factors responsible for the degenerative tissue character-
istics [4–8]. The inflammatory and regulatory processes 
responsible for tendon degeneration, and consequently, 
reduced tissue mechanical strength is yet to be eluci-
dated. Cytokines such as interleukin-1β (IL-1β), IL-6 and 
tumor necrosis factor-α (TNFα) are up-regulated and in 
turn induce inflammatory mediators cyclooxygenase-2 
(COX-2), prostaglandin E2 (PGE2), and collagenases, 
matrix metalloproteinases (MMP) such as MMP-1, -3 
and − 13; all involved in tendon degeneration [7–9].

The cellular fraction of tendons, consisting of mature 
tenocytes and tendon progenitor cells (TPC), function to 
maintain tendon structure via extracellular matrix (ECM) 
synthesis and turnover [10, 11]. Histological character-
ization of tendinopathy lesions demonstrate that tendon 
cells undergo cellular ‘rounding’ and develop chondro-
cyte-like characteristics with concurrent increase in tis-
sue glycosaminoglycan (GAG) concentrations [12, 13]. 
Tendon cells are susceptible to changes in local cyto-
kines/chemokine concentrations and in turn are impli-
cated in tendon degeneration [14–16]. In-vivo studies 
have documented increased intratendinous IL-6 con-
centrations in naturally occurring human tendinitis and 
experimental rat models of tendinitis [17–19]. Katsma et 
al., demonstrated that exogenous IL-6 injections down-
regulated MMP-1 and collagen type I transcript lev-
els in healing rat Achilles tendon injuries [17]. In-vitro, 
IL-6 down-regulated critical tendon phenotype mark-
ers, Scleraxis and tenomodulin in rat Achilles tendon-
derived TPC [20]. Taken together, while elevated tendon 
IL-6 concentrations during healing have been attributed 
to pro-resolving effects as well as towards tendon degen-
eration, the associated biological mechanisms are largely 
unknown.

The objective of this study was to evaluate the impact 
of IL-6, a key cytokine encountered in tendon degen-
eration, on equine SDFT-derived TPC. We investigated 
the effects of IL-6 on TPC viability, migration (via stan-
dard scratch assay), and tendon ECM, chondrogenic and 
MMP gene expressions. Additionally, we investigated 
IL-6 effects on TPC profibrotic growth factor TGFβ1 
activity, by culturing TPC supplemented with IL-6 in the 
presence of TGFβ receptor (ALK-4, − 5, −7) inhibitor, 
SB431542.

Methods
TPC isolation and culture
TPC were isolated from forelimb SDFT of 6 (mean age 
4.2 ± 2.2 years) adult horses using protocols previously 
described [11, 21–23]. TPC were characterized via equine 
MSC surface marker expression profile (CD 44+, CD29+, 
CD90+, and CD45-) and in vitro trilineage differentia-
tion as previously described (Supplemental Fig. 1; 21, 22, 
23). Briefly, intact forelimb SDFT were harvested from 
young adult horses euthanized for reasons unrelated to 
musculoskeletal disease. Mid-metacarpal SDFT speci-
mens (1–2 cm length), free of peritendinous tissue, were 
diced into 2–3 mm3 pieces and digested in 0.15% colla-
genase (Worthington) in DMEM supplemented with 2% 
fetal bovine serum (Gemini Biomedical) at 37° C for 16 h. 
The released cells were isolated by filtration and cen-
trifugation, and the cells were seeded at 2000 cells/cm2 
in monolayer cultures in high-glucose DMEM supple-
mented with 10% fetal bovine serum (FBS), 37.5 µg/mL of 
ascorbic acid, 300 µg of L-glutamine/mL 100 U of sodium 
penicillin/mL, and 100  µg of streptomycin sulfate/mL 
(basal medium). These cells were seeded onto cell culture 
flasks and incubated at 37° C with 5% CO2 to enable col-
ony formation. Medium was replaced every 3 days. Once 
discernible colonies were formed (> 200 cells/colony), the 
cells were detached with 0.05% trypsin EDTA. Cell num-
bers were calculated by counting an aliquot of the result-
ing suspension using a hemocytometer and an inverted 
light microscope [21, 23, 24]. Trypan blue dye exclusion 
was used to assess cell viability. The primary cell isolates 
were reseeded at 5 × 103 cells/cm2 and passaged twice at 
80–90% confluence to expand cell numbers and enrich 
for progenitor cells. Passage 3 TPC (henceforth referred 
to as TPC) were used for all subsequent experiments.

TPC viability
TPC were plated at 3 × 103 cells/cm2 in basal medium in 
96-well plates. After 24 h of culture, low serum medium 
(2% FBS) supplemented with IL-6 (at 1, 5, 10 ng/mL; 
R&D Systems) was added and incubated for 3 days. Three 
replicate wells for each IL-6 concentration were used to 
measure the cell numbers via a mitochondrial metabolic 
assay (Cell Titer MTT 96 aqueous one solution cell pro-
liferation assay, Promega) which was used in accordance 
with the manufacturer’s instructions [24]. In brief, 20 µL 
of the assay reagent containing tetrazolium was added 
into each well of the 96-well plate containing 100 µL of 
fresh media and incubated at 37° C for 2.5 h. Absorbance 
was measured at 490 nm in a microplate reader (Tecan™ 
Infinite 200 PRO plate reader) to detect concentrations 
of the metabolic product, formazan. The absorbance of 
basal media alone was used as the ‘blank’ and subtracted 
from all experimental sample optical density readings. 
The mean value was calculated from replicate wells to 
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provide a single data point. The optical density values 
from plated TPC from each horse were reported.

‘Scratch assay’ assessment of TPC motility
TPC were cultured as monolayers in basal medium, as 
described above, in 100  mm culture dishes, until near 
confluence. The monolayers were then transferred to low 
serum medium (2% FBS) alone or with 1, 5 or 10 ng/mL 
IL-6. A 20 uL sterile pipette tip was used to score a nar-
row grove in the cell monolayers, which approximately 
yields a 1.0  mm wide ‘scratch defect’ [24]. Cell migra-
tion into the defect was measured 24 h later on photomi-
crographs acquired with a 5x objective and Leica DMIL 
microscope and DFC 320 digital camera (Leica Micro-
systems, Leica Application Suite- LAS- version 4.2). An 
average measurement from twenty-five individual mea-
surements of the remaining defect width was obtained 
using ImageJ (https://imagej.nih.gov) “Set Scale” and 
“Measure” tools (measured by three investigators blinded 
to the treatment conditions).

Monolayer culture for transcriptional assays
TPC were cultured as monolayers in basal medium, as 
described above, in 50 cm2 culture dishes, until 80% con-
fluence. The monolayers were then transferred to low 
serum medium (2% FBS) alone or with 10 ng/mL IL-6. 
Fresh medium was replaced every 48  h. The cultures 
were maintained for 3 days. Additionally, TPC were also 
cultured with 0 or 2  μm TGFβ type I receptor (ALK-4, 
− 5, −7) inhibitor, SB431542 (Selleckchem; 13), in the 
presence of 0 and 10 ng/mL IL-6 for 3 days. Then, the 

monolayers were detached from the culture dishes with 
a cell scraper, centrifuged at 800  g for 10  min, medium 
removed, snap frozen in liquid nitrogen and stored in 
− 80  C until RNA isolation. Transcriptional assays were 
conducted from n = 5 TPC.

RNA isolation and quantitative RT-PCR
Total RNA was isolated using a previously described 
protocol [21, 25]. RNA yields and A260/280 values are 
compiled in Supplemental Table  1. The samples were 
homogenized in guanidinium thiocyanate phenol-chlo-
roform solution reagent (TRIzol, Invitrogen) according 
to the manufacturer’s suggested protocol. The resultant 
pellet was purified using RNeasy silica columns that 
included on-column DNase digestion. The concentration 
of RNA was determined by measuring the absorbance at 
260 nM (A260) and 320 nM (A320) in NanoDrop One/
One® (Thermo Fisher Scientific). One µg of RNA from 
each sample was reverse-transcribed (Superscript IV, 
Invitrogen) using oligo (dT) primers. Equine gene-spe-
cific primers were designed from published sequences in 
Genbank and using ClustalW multiple sequence align-
ment (Table1; available at http://www.ebi.ac.uk). Primer 
specificity was confirmed by cloning and sequencing 
the amplicons during optimization experiments, as pre-
viously described [23, 24]. PCR amplifications were 
catalyzed by Taq DNA polymerase (ABI QuantStudio 
3™, Thermo Fisher Scientific) in the presence of SYBR 
green. Relative gene expression was quantified using the 
2-ΔΔCT method, normalized to expression of the refer-
ence gene, elongation factor-1α (EF1α) [26].

Table 1 Primers for SYBRgreen RT-qPCR
Gene Accession Number Sequence Amplicon (bp)
Col I NC_009154 S

A
5’ GAA AAC ATC CCA GCC AAG AA
5’ GAT TGC CAG TCT CCT CAT CC

231

Col III AW261123 S
A

5’ AGG GGA CCT GGT TAC TGC TT
5’ TCT CTG GGT TGG GAC AGT CT

215

COMP NM_001081856 S
A

5’ TCA TGT GGA AGC AGA TGG AG
5’ TAG GAA CCA GCG GTA GGA TG

223

Sox9 XM_023452130 S
A

5’ GAA CGC ACA TCA AGA CGG AG
5’ CTG GTG GTC TGT GTA GTC GT

304

Col II NM_001081764.1 S
A

5’ AGC AGG AAT TTG GTG TGG AC
5’ TCT GCC CAG TTC AGG TCT CT

223

Aggrecan XM_023650277.1 S
A

5’ GAC GCC GAG AGC AGG TGT
5’ AAG AAG TTG TCG GGC TGG TT

202

MMP-1 AF148882.1 S
A

5’ GGT GAA GGA AGG TCA AGT TCT GAT
5’ AGT CTT CTA CTT TGG AAA AGA GCT TCT C

232

MMP-3 GDHK01064470 S
A

5’ GGC AAC GTA GAG CTG AGT AAA GCC
5’ CAA CGG ATA GGC TGA GCA CGC

286

MMP-13 AF034087.1 S
A

5’ AAG CCA CTT TGT GCT TCC TGA T
5’ GGA TCG CAT TTG TCT GGT GTT

220

TGFβ1 AF175709.1 S
A

5’ ATC AAC GGG TTC AGT TCC AG
5’ CGC AGC AGT TCT TCT CTG TG

244

EF1-α NM_001081781.1 S
A

5’ CCC GGA CAC AGA GAC TTC AT
5’ AGC ATG TTG TCA CCA TTC CA

328

https://imagej.nih.gov
http://www.ebi.ac.uk
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Medium TGFβ1 concentration
TGFβ1 concentration in the respective culture medium 
(three replicates per treatment per horse) were deter-
mined with a commercially available ELISA kits (Quan-
tikine, R&D Systems, Minneapolis, MN) in accordance 
with the manufacturer’s protocol. Briefly, the collected 
medium samples from 0, 1, 5 or 10 ng/mL IL-6, and con-
trol and 10 ng/mL IL-6 cultured with 0 or 2 μm SB431542 
were individually combined with TGFβ1 conjugate. The 
samples were washed and incubated with a substrate 
solution, and optical density was measured with a micro-
plate reader set at 450 nm. The optical densities of stan-
dards with known concentrations were used to generate 
a standard curve from which the concentration of the 
individual samples was determined. All standards and 
samples were analyzed in duplicate.

Statistical analysis
Normal distribution of data was assessed by Shapiro-
Wilks’s test using SigmaPlot 14 software (Systat, San Jose, 
CA). The data were representative of at least five inde-
pendent experiments, each done in triplicate. All results 
are expressed as the mean ± standard deviation or median 
(range). One-way ANOVA or the non-parametric equiv-
alent, Kruskal-Wallis test on ranks was used to compare 
the data. Post hoc comparisons for the detection of sta-
tistically significant differences between TPC treated 

with 0, 1, 5, 10 ng/mL IL-6 (proliferation, motility, TGFβ1 
gene expression and medium TGFβ1 concentration), 
and basal media (Control), 10 ng/mL IL-6 (IL-6), 2  μm 
TGFβ type I receptor (ALK-4, − 5, −7) inhibitor SB431542 
(I), IL-6 + I was conducted with Holm-Sidak or Tukey’s 
method. Differences were considered statistically signifi-
cant at P ≤ 0.05.

Results
TPC viability
After 3 days of monolayer culture, mean ± SD optical 
density values reflecting TPC viability demonstrated that 
1, 5 and 10 ng/mL IL-6 significantly reduced TPC viabil-
ity by 1.3 ± 0.156-fold (p = 0.0096), 2.03 ± 0.175 (p < 0.0001) 
and 1.65 ± 0.0.154-fold (p = 0.0001), respectively (Fig. 1).

Scratch assay assessment of motility
TPC monolayers in basal (2% FBS) medium rapidly 
migrated across the “scratch” defect, and by 24  h the 
mean width of the defect was significantly (7 ± 0.15-fold; 
p = 0.02) decreased from the initial width of the defect. 
In contrast, all three concentrations (1, 5 and 10 ng/mL) 
of IL-6 significantly (p < 0.0001) impaired TPC migra-
tion across the scratch defect (Fig.  2). In addition, 5 
(p = 0.0135) and 10 (p = 0.0279) ng/mL of IL-6 treatments 
significantly decreased TPC migration across the scratch 
defect to a greater extent than 1 ng/mL IL-6 treatment.

TGFβ1 gene expression and culture medium TGFβ1 
concentration
TGFβ1 mRNA (6.3 ± 2.3-fold) level was significantly 
(p = 0.032) upregulated with 10ng/mL IL-6 compared 
to untreated control, whereas 1 and 5 ng/mL IL-6 did 
not significantly change TGFβ1 mRNA (Fig.  3A). Cul-
ture medium TGFβ1 concentration was significantly 
increased with 1, 5 and 10 ng/mL IL-6 concentrations. 
TGFβ1 concentrations in the control and 10 ng/mL 
IL-6 + SB431542 were not significantly different from 
each other (Fig. 3B).

Tendon ECM gene expression
COL1A1 (5.3 ± 2.0-fold, p < 0.001), COL3A1 (5.4 ± 1.8-fold, 
p = 0.004), and COMP (5.5 ± 2.6-fold, p = 0.002) mRNA 
levels in TPC were significantly upregulated with 10 ng/
mL IL-6 compared to control (Fig. 4A). TGFβ inhibitor, 
SB431452 attenuated IL-6-induced mRNA upregulation. 
TGFβ inhibitor did not affect the basal TPC tendon ECM 
gene expression.

Chondrogenic gene expression
COL2A1 (3.9 ± 1.28-fold, p = 0.002), ACAN (6.2-fold ± 2.0, 
p = 0.007) and SOX9 (4.8-fold ± 20.2, p = 0.003) mRNA lev-
els in TPC were significantly upregulated with 10 ng/mL 
IL-6 compared to untreated control (Fig. 4B). Consistent 

Fig. 1 TPC viability measured via MTT assay after 24 h of monolayer cul-
ture in basal medium supplemented with 0, 1, 5 and 10 ng/mL IL-6. The 
y-axis denotes absorbance readings measured at 490 nm. Bars and errors 
represent mean ± SD
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with tendon ECM gene expression, TGFβ inhibitor, 
SB431452 attenuated IL-6-induced chondrogenic mRNA 
upregulation. TGFβ inhibitor did not affect the basal 
TPC chondrogenic gene expression.

Matrix metalloproteinase (MMP) gene expression
IL-6 significantly upregulated MMP-1 (7.5 ± 3.2-fold, 
p = 0.01), MMP-3 (21 ± 4.5-fold, p < 0.01), and MMP-13 
(4.2 ± 2.8- fold, p = 0.041) mRNA levels in TPC compared 
to untreated controls.

Discussion
Interleukin-6 is a multifactorial cytokine that regulates 
inflammation, angiogenesis, as well as immunomodula-
tion during injury development and healing of several 
tissues, through interactions with tissue-resident cells 
and the ECM [14, 17, 19]. In tendon, IL-6 maintains col-
lagen fiber size, organization and consequently, tendon 
mechanical strength during development and healing as 
determined with transgenic murine models [19]. While 
continuous/prolonged exercise and chronic injury lead 
to increased IL-6 levels within and in tendon periphery; 
the specific effects of IL-6 on TPC that maintain teno-
cytes and in turn tendon ECM are largely undetermined. 
Our results demonstrate that IL-6 reduced the viability 
and migration of equine SDFT-derived TPC in mono-
layer culture. In this study, IL-6 upregulated both tendon 
ECM and chondrogenic gene expression in equine SDFT-
derived TPC. IL-6 upregulated TGFβ1 gene expression as 

well as TGFβ1 secretion into the culture medium. Finally, 
the addition of TGFβ1 inhibitor, SB431542 attenuated IL-
6-induced gene upregulations, without affecting the basal 
ECM gene expression of TPC in monolayer culture.

We observed inhibitory effects of IL-6 on equine SDFT-
derived TPC viability and migration properties. Previous 
studies have reported both pro- and anti-proliferative 
and migratory effects of IL-6 on fibroblast cells. Chen et 
al. reported a significant increase in rat Achilles tendon-
derived TPC proliferation with 1, 10 and 100 ng/mL of 
IL-6; however, this was only noted at day 5 of mono-
layer culture, and was not apparent at day 1 and 3 of IL-6 
exposure [20]. In murine and human myoblasts, lower 
concentrations of IL-6 (10 and 100 pg/mL) promoted 
cell proliferation, whereas IL-6 at 10 ng/mL concentra-
tion inhibited proliferation and promoted myogenic dif-
ferentiation [27]. The divergent effects of IL-6 were both 
attributed to STAT3 signaling pathway, a pathway critical 
for cell survival and proliferation. Collectively, IL-6 has 
displayed variable influences on tissue fibroblast prolifer-
ation depending on their lineage, exposure duration, and 
if obtained from normal or diseased tissues. It is impor-
tant to note that these studies do not consider the tissue 
ECM, and further investigations focused on dissecting 
IL-6 effects on TPC/tenocyte viability, proliferation and 
migration, interplay with ECM, and the associated mech-
anisms during in vivo tendon healing are warranted.

Tendon progenitor cells within injured tendon exhibit 
increased chondrogenic capacity and are implicated 

Fig. 2 TPC migration assessed via ‘scratch assay’ measured as the width of the defect remaining after 24 h of monolayer culture in basal medium supple-
mented with 0, 1, 5 and 10 ng/mL IL-6. Bars and errors represent mean ± SD of “scratch” defect width after 24 h. Supporting 5X photomicrographs of TPC 
monolayers at baseline, and at 24-hour timepoint with 0 and 10 ng/mL IL-6. Scale bar represents 200 microns
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in chondroid degenerative lesions within injured/heal-
ing tendons [11, 13, 23]. This study identified that IL-6 
induced profibrotic growth factor TGFβ1 activity, and 
significantly increased both tendon ECM and chondro-
genic gene expressions. This is in contrast to Chen et 
al., where IL-6 treatment of rat Achilles tendon-derived 
TPC decreased tendon ECM gene expression [20]. We 
evaluated IL-6 effects on TGFβ1 activity, since TGFβ1 
is upregulated in injured tendon, and supraphysiological 
levels of TGFβ1 within tendons is associated with fibro-
sis and chondroid degeneration [13, 28]. Transforming 
growth factor-β signaling via Smad pathway regulates 
tenogenic transcription factor, Scleraxis, essential for 
tendon homeostasis and collagen type I gene expres-
sion [29–31]. Smad pathway also modulates the activity 
of critical chondrogenic transcription factor SOX9 dur-
ing chondrogenesis and induces transcription of cartilage 
ECM molecules such as collagen type II and aggrecan 
[28, 32]. In vivo, IL-6 injection in the peritendinous 
region inhibited collagen types I and III gene expres-
sions in rat Achilles tendon [17]; whereas, increased 

collagen synthesis was noted in human Achilles tendon 
[33]. These disparate effects of IL-6 suggest species differ-
ences, and notable interactions with ECM and mechani-
cal loading that are lacking in in vitro cell culture studies 
and highlights the need for follow up investigations to 
validate the in vitro findings. This study along with others 
indicate that IL-6 induces TGFβ1 activity in fibroblastic 
cell types [18, 34, 35], however the related causal mecha-
nisms, and impact on TPC biosynthesis warrants further 
work.

This in vitro study has several limitations. In addition to 
the known subject-related variability between TPC popu-
lations and relatively low sample size (n = 6), IL-6 effects 
were only evaluated in monolayer culture and does not 
account for tendon ECM and mechanical loading pres-
ent in vivo. IL-6 influence on TPC in vitro at up to 10ng/
mL concentration was assessed only at a single time 
point (72  h after treatment). Obtaining gene expression 
and ECM protein biosynthesis measurements at a series 
of timepoints following treatment would have provided 
the temporal effects of IL-6. Given the differential in vitro 

Fig. 3 (A) TGFβ1 mRNA and (B) ELISA quantification of TGFβ1 concentration measured in TPC monolayer culture and culture media, respectively, 
(mean ± SD) after 72 h of culture with 0, 1, 5 and 10 ng/mL IL-6. TGFβ1 mRNA and concentration were also measured in TPC in basal medium and 10 
ng/mL IL-6 supplemented with 2 μm TGFβ type I receptor (ALK-4, − 5, −7) inhibitor SB431542. Bars and errors represent mean ± SD of TGFβ1 mRNA and 
concentration (pg/mL)
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and in vivo effects of IL-6 on TPC [36–38], validating 
these in vitro results with in vivo studies is necessary. In 
both experimental and naturally occurring tendon inju-
ries, IL-6 and MMP gene and protein expressions are 
concomitantly increased [36–38]. Our results found that 
IL-6 increased MMP-1 and MMP-3 gene expressions 
by 37% (p = 0.06) and 54% (p = 0.02), respectively; how-
ever, corresponding changes in culture medium super-
nate enzyme concentrations were not investigated in this 
study.

Pro- and anti-inflammatory roles of IL-6 on tendon 
healing have been documented [38, 39], and is dependent 
on the local inflammatory environment and tendon heal-
ing phase. Moreover, tendon tissue degeneration during 
healing is a complex process that encompasses orches-
trated interplay of several inflammatory/regulatory cyto-
kines, chemokines, and growth factors. Our findings 
demonstrate that IL-6 induces TGFβ1 activity in TPC 
and affects the basal TPC phenotype (as evidenced via 
increased tendon ECM and chondrogenic gene expres-
sions). Further investigation of this biological link may 

Fig. 4 (A) Tendon ECM and (B) Chondrogenic gene expression of TPC monolayers cultured in basal medium with 10 ng/mL IL-6, basal medium with 
2 μm TGFβ type I receptor (ALK-4, − 5, −7) inhibitor SB431542, and 10 ng/mL IL-6 + SB431542 for 72 h. Data represents mean ± SD of fold change (normal-
ized to housekeeping gene, EF1α) from respective values obtained from TPC monolayer cultures in basal medium alone (represented via dotted line in 
all graphs)

 



Page 8 of 9Altmann et al. BMC Musculoskeletal Disorders          (2023) 24:907 

serve as a foundation for therapeutic strategies that 
modulate IL-6 to enhance tendon healing. Although the 
mechanisms resulting in aberrant TPC phenotypes and 
consequent tendon degeneration are complex, results of 
this study augment current evidence that TPC can func-
tion as target cells to develop therapeutic strategies for 
enhancing tendon healing. Given that IL-6 alters TPC 
phenotype, the efficacy of novel and existing cell-based 
and biological therapies aiming to enhance tendon heal-
ing can be determined in part by measuring their effect 
on local IL-6 concentrations.

Conclusions
These results demonstrate that IL-6 alters the phenotype 
of TPC in in vitro monolayer culture. While TGFβ sig-
naling is critical for lineage-specific transcription factor 
expression in several mesenchymally-derived tissues, it 
is also involved in scar formation/fibrosis in several heal-
ing tissues and linked to chondrogenic metaplasia and 
heterotopic ossification in healing tendon. Pro- and anti-
inflammatory roles of IL-6 have been implicated on ten-
don healing. Our findings demonstrate that IL-6 induces 
TGFβ1 activity in TPC and affects the basal TPC pheno-
type (as evidenced via increased tendon ECM and chon-
drogenic gene expressions). Further investigation of this 
biological link may serve as a foundation for therapeutic 
strategies that modulate IL-6 to enhance tendon healing.
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