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Immunoregulatory role of IL-2/STAT5/CD4+CD25+Foxp3 Treg
pathway in the pathogenesis of chronic osteomyelitis
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Background: This study aimed to investigate immunoregulatory role of IL-2/STAT5/CD4+CD25+Foxp3
Treg pathway in pathogenesis of chronic osteomyelitis (COM).

Methods: Sprague-Dawley (SD) rats were injected with Staphylococcus aureus to establish COM model.
4 weeks later, the lesioned bones were collected and subjected to HE staining for examination of
inflammatory infiltration. Enzyme-linked immunosorbent assay (ELISA) was employed to detect IL-2
expression in peripheral blood; flow cytometry was performed to detect CD25+CD4+Foxp3 Treg cells in
peripheral blood. The mRNA expression of Foxp3 and CTLA-4 was detected by RT-PCR and the protein
expression of STATS and p-STATS was detected by Western Blotting in CD25+CD4+Foxp3 Treg cells.
Results: In COM group, the periosteal thickening was observed in femur, and there were a large number
of inflammatory cells in medullary cavity, accompanied by bone destruction. At 1, 2 and 4 weeks, IL-2
expression significantly increased, the proportion of CD4+CD25+FoxP3 Treg cells in peripheral monocytes
markedly increased, the mRINA expression of Foxp3 and CTLA-4 and p-STAT' protein expression increased
dramatically in Treg cells as compared to control group (P<0.001).

Conclusions: [L-2/STAT5/CD4+CD25+Foxp3 Treg pathway may be involved in the pathogenesis of

COM, and excessive immunosuppression may lead to persistent infectious inflammation, which may become

a key target for future treatment of COM.
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Introduction

Chronic osteomyelitis (COM) is a chronic bone infection
characterized by progressive osteonecrosis and dead bone
formation, which is closely related to the persistent infectious
inflammation after infection (1). A variety of studies have
shown that COM patients have disordered T lymphocyte
proliferation, and clinical and animal studies also reveal that
IL-2 expression and CD4+CD25+Foxp3 Treg cells increase
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in the peripheral blood in case of COM. IL-2 can bind to
IL-2R receptor on the CD25+CD4+Treg cells, thereby
activating activated protein 5 (STATYS) which then bind to
the gene promoter of Foxp3, a factor regulating Treg cell
activity. This may elevate the immunosuppressive activity
of Treg cells, and compromise the immune response of T
lymphocytes to pathogen. Thus, IL-2 mediated regulation of
CD4+CD25+Foxp3 Treg cells via STATS pathway may play
a key role in the development of COM (2-5). To date, little
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is known about the role of IL-2/STAT5/CD4+CD25+Foxp3
Treg pathway in the pathogenesis of COM. This study
aimed to investigate the immunoregulatory role of this
pathway in the pathogenesis of COM.

Methods
Animals

A total of 48 Sprague-Dawley (SD) rats weighing
180-220 g were purchased from Shanghai Xipur-Bikai
Experimental Animal Co., Ltd and given ad libitum access
to water and food. Animals were housed for 1 week before
the experiment. This study has been approved by the Ethics
Committee of Tongde Hospital of Zhejiang Province.

Drugs and reagent

Rat IL-2 detection kit (BD Company, USA), hematoxylin
(BASO, China; No: 714094), eosin (BASO, China; No:
BA4099), Trizol (Invitrogen, USA; No: 1596-026),
polymerase chain reaction (PCR) kit (Thermo, USA; No:
#K0223), reversion transcription kit (Fermentas, USA; No:
#K1622), STATS (Abcam, UK; No: ab16276), p-STAT'S
antibody (Abcam, UK; No: ab32364), glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) (CST, USA; No:
#5174), horseradish peroxidase (HRP) conjugated goat anti-
rabbit secondary antibody (Beyoutime, China; No: A0208),
HRP conjugated donkey anti-goat secondary antibody
(Beyoutime, China; No: A0181), HRP conjugated goat anti-
mouse secondary antibody (Beyoutime, China; No: A0216),
and anti-human Foxp3 staining Kit (BD Company, USA;
No: 560133) were used in the present study.

Instrument

Light microscope (ECLIPSE Ni, Nikon, Japan), pipette
(Gilson company, USA), constant temperature oven
(Shanghai Hengyi Scientific Instrument Co., Ltd., China),
paraffin slicer (Leica company, Germany); microscopic
image analysis system (DS-Ri2; Nikon, Japan ), thermal
cycler (ABI, USA); cryogenic centrifuge (Shanghai
Luxiangyi Centrifuge Instrument Co., Ltd., China), vortex
oscillator (Qingpu West Instrument Factory, China),
electric homogenizer (FLUKO, China); electrophoresis
instrument (BIO-RAD company, USA), electric transfer
instrument (BIORAD company, USA); microplate reader

© Annals of Translational Medicine. All rights reserved.

Mao et al. IL-2/STAT5/CD4+CD25+Foxp3 Treg pathway in COM

(Labsystems, Finland), water bath (Leica company,
Germany) and flow cytometer (Accuri C6; BD Company,
USA) were used in the present study.

Establishment of animal model and grouping

The tibia was drilled and then inoculated with Staphylococcus
(0.1 mL; 2x10%mL ATCC25934) aureus to induce
COM (6). Four weeks later, computed tomography
(CT) scanning was performed to assess the bone defects,
bacteriological detection was done to assess focal infection,
and the lesioned bone was collected for routine pathological
examination, aiming to confirm the successful establishment
of COM model. In sham-operated rats, the tibia was drilled
but not inoculated with bacteria. Sampling was done at 1, 2
and 4 weeks (n=8 at each time point). All the animals were
intragastrically administered with normal saline.

Hematoxylin and eosin (HE) staining

The tibia was collected at different time points, fixed in
4% paraformaldehyde, dehydrated in a series of ethanol,
embedded in paraffin, sectioned, and deparaffinized,
followed by hematoxylin and eosin staining. After mounting
with neutral resin, sections were observed under a light
microscope and representative images were captured for
further analysis. Light microscope and microscopic image
analysis system; 200x were used.

Detection of IL-2 expression by enzyme-linked
immunosorbent assay (ELISA)

One, two and four weeks later, 5 mL of blood was collected
from the abdominal aorta of each rat. Serum was taken
after centrifugation and then processed according to the
manufacturer’s instructions. The absorbance was detected
with a microplate reader at 450 nm and IL-2 concentration
was calculated based on the standard curve.

Detection of CD4+CD25+Foxp3 Tieg cells in peripberal
blood by flow cytometry

Single mononuclear cell suspension was prepared, followed
by cell counting. The cell density was adjusted and then
incubated with CD4, CD25 and Foxp3 antibodies according
to manufacturer’s instructions. CD4+CD25+Foxp3+ cells
were detected by flow cytometry.

Ann Transl Med 2019;7(16):384 | http://dx.doi.org/10.21037/atm.2019.07.45



Annals of Translational Medicine, Vol 7, No 16 August 2019

Detection of Foxp3 and CTLA-4 expression by real-time
PCR

Mononuclear cells were isolated from peripheral blood,
and the magnetic beads were used to further sort
CD25+CD4+Treg cells. Total RNA was extracted from
CD25+CD4+Treg cells and RNA concentration was
determined. Real-time PCR was performed according to
the manufacturer’s instructions, and GAPDH served as an
internal reference (Table I).

Detection of STATS and p-STATS expression by Western
blotting

Total protein was extracted and the protein concentration
was determined by bicinchoninic acid assay (BCA) assay.
The protein expression of STATS and p-STATS was
detected with routine protocol and GAPDH served as an
internal reference. The optical density of each protein band
was analyzed with Image J software and then normalized to
that of GAPDH.

Table 1 Primers used in real time PCR

Genes Sequences (5'-3)

Foxp3-F GTATCACTTGCCACTAACCC
Foxp3-R TTGTCCAGCTTGACCACA
CTLA-4-F TGCCACGACATTCACAGT
CTLA-4-R GGTACATGAGTTCCACCTTG
GAPDH-F GCAAGTTCAACGGCACAG
GAPDH-R GCCAGTAGACTCCACGACAT

PCR, polymerase chain reaction.
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Statistical analysis

Data are expressed as mean = standard deviation (¥ = SD),
and statistical analysis was performed with SPSS version
18.0. Independent #-test was employed for the comparisons
of data between two groups. A value of P<0.05 was
considered statistically significant.

Results
Morphology of tibia

Four weeks after the surgery, animals were euthanized for
histological analysis. In COM group, the periosteum was
thickened, and a large number of inflammatory cells were
observed in the medullary cavity, and the bone tissues were
destroyed although the continuity remained. In control
group, the bone tissues were arranged closely, there was no
obvious bone destruction, and infiltration of neutrophil was
not observed in the medullary cavity (Figure I).

IL-2 contents

One, two and four weeks later, the IL-2 expression
increased significantly in COM rats as compared to controls
(P<0.001), suggesting the high IL-2 expression in the blood
(Figure 2).

Proportion of CD4+CD25+Foxp3 Tieg cells in peripheral
blood

The proportion of CD4+CD25+Foxp3 Treg cells in the
peripheral blood of COM group was significantly higher
than in control group (P<0.001) (Figure 3).

Figure 1 HE staining of the tibia in both groups (x200). (A) Control group; (B) COM group. HE, hematoxylin and eosin; COM, chronic

osteomyelitis.
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mRNA expression of Foxp3 and CTLA-4 in CD4+CD25+
Treg cells

In addition, Foxp3 and CTLA-4 expression were further
detected in CD4+CD25+ Treg cells. Results showed the
mRNA expression of Foxp3 and CTLA-4 in CD4+CD25+
Treg cells of COM group was significantly higher than in
control group (P<0.001) (Figure 4).

Protein expression of STATS and p-STATYS in
CD4+CD25+Foxp3 Treg cells

As shown in Western blotting, the p-STATS protein
expression in COM group was significantly higher than in
control group (P<0.001) (Figure 5).

* Il Control

Lt e com

600 4
400 1

200 1

IL-2 concentration (ng/mL)

1w 2w 4w

Figure 2 Serum IL-2 concentration at different time points in
both groups. *, P<0.001. COM, chronic osteomyelitis; IL-2,

interleukin 2.
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Discussion

COM has complicated disease conditions, long natural
course, high rate of surgical failure and high recurrence,
and is also easy to cause chronic sinus, fracture, bone defect,
or even severe amputation and life-threatening conditions
if serious enough. In addition, COM requires multiple
debridements and long-term use of antibiotics, which are
costly and impose a heavy financial burden on patients
and society. Thus, COM has been a challenge faced by
orthopedic surgeons in clinical practice (7).

The persistent infectious inflammation in case of
COM is closely related to bone destruction, in which
immunoregulation plays an important role (8). Available
studies have confirmed that T lymphocytes and their
products are crucial for the formation and function of
osteoclasts and osteoblasts (9). The abnormal proliferation
of T lymphocytes is closely related to the persistent bone
destruction in case of COM. In recent years, increasing
attention has been paid to the role of CD25+CD4+
regulatory T lymphocytes (CD25+CD4+Treg cells) in the
chronic bone infection (10). CD4+CD25+Foxp3 Treg cells
are derived from CD4+ T cells, and the differentiation of
initial CD4+ T cells into Treg cells is partially dependently
on IL-2, which is essential for the survival, proliferation,
and stability of Treg cells. IL-2 can activate the transcription
factor STAT'S, and the activated STAT'S binds to the non-
coding sequence 2 (CNS2) of the conserved region of
Foxp3 gene enhancer. Foxp3 is currently recognized as
the most characteristic molecular marker of Treg cells
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Figure 3 Proportion of CD4+CD25+FoxP3 Treg cells in both groups. *, P<0.001. COM, chronic osteomyelitis. FL4-A; APC-CD25;

FL2-A, PE-Foxp3.
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Figure 4 mRNA expression of Foxp3 and CTLA-4 in CD4+CD25+Treg cells. *, P<0.001. COM, chronic osteomyelitis.
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Figure 5 Protein expression of STATS and p-STATS in CD4+CD25+Treg cells of two groups. *, P<0.001. GAPDH, glyceraldehyde-3-

phosphate dehydrogenase; COM, chronic osteomyelitis.

and is also specific to Treg cells. The activation of Foxp3
is dependent on STAT'S signaling pathway (11-13). IL-2
is an important factor responsible for the conversion of
CD4+ cells to CD4+CD25+Foxp3 Treg cells, and the
elevation of IL-2 expression suggests the increase in
CD4+CD25+Foxp3 Treg cells. Therefore, the IL-2/STAT'S
signaling pathway can be considered as a key regulatory
point in the differentiation of initial CD4+ T cells into
Treg cells (14). STATS is a member of STATS family. As a
transcriptional regulator widely expressed in human and
murine tissues, STAT family proteins are mainly inactive in
the cytoplasm of cells in absence of stimulation. The STAT
is mainly composed of N-terminal domain, Src Homology
2 (SH2) domain and C-terminal transcriptional activation
domain. When cytokines such as IL-2 bind to their specific
receptors, it may trigger receptor dimerization, resulting
in the recruitment of Janus kinase (JAK). The aggregated
JAK kinase is self-activated by phosphorylation, then
translocated into the nucleus and binds to Foxp3, inducing
the conversion of CD4+ T cells into CD4+CD25+Foxp3
Treg cells. Treg cells may exert immunosuppressive
effects via directly cell-cell contact, inhibiting metabolism
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in target cells, secreting inhibitory cytokines (such as
IL-10 and TGF-B1) in the presence of cell surface
molecules (such as CTLA-4). Treg cells play important
roles in the maintenance of immune tolerance, autoimmune
diseases, acute and chronic inflammation, and cancers
(15,16). Therefore, the IL-2/STATS5/CD4+CD25+Foxp3
Treg pathway is also crucial for the pathogenesis of COM.
The activation of IL-2/STATS5/CD4+CD25+Foxp3
Treg cells may enhance the immunosuppression of Treg
cells, thereby compromising the immune response of T
lymphocytes to pathogens, which results in the persistent
infectious inflammation.

In order to further verify the immunoregulatory effects
of this pathway in COM, COM model was established in
rats. HE staining showed periosteal thickening, infiltration
of a large number of inflammatory cells in the medullary
cavity as well as bone disruption. This suggests successful
establishment of COM animal model as demonstrated
by the typical chronic inflammation. However, in control
group, the bone tissues were closely arrangement, and
there was no obvious bone destruction and infiltration
of inflammatory cells in the medullary cavity (17). A
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variety of studies have shown the expression of IL-2 in the
serum increases in patients with COM and COM animals
(2-5). Therefore, at different time points, the blood was
collected for the detection of serum IL-2 concentration.
Results showed serum IL-2 concentration in COM group
was significantly higher than in control group (P<0.001),
which was consistent with previously reported (18). Flow
cytometry is a tool used for rapid and accurate quantitative
analysis of cells with monoclonal antibodies at the cellular
level. In the present study, mononuclear cells were
collected from the blood of COM rats and the proportion
of CD4+CD25+Foxp3 Treg cells was determined by
flow cytometry (19). Results showed significant different
in the proportion of CD4+CD25+Foxp3 Treg cells
between COM group and control group (P<0.001). This
indicates the CD4+CD25+Foxp3 Treg cells increase,
indicating the elevated immunosuppression. In addition,
the mRNA expression of Foxp3 and CTLA-4 was also
detected in CD4+CD25+Foxp3 Treg cells. Foxp3 is a
characteristic molecule of Treg cells (20). CTLA-4 is a
transmembrane receptor and a phenotype molecule of Treg
cells, and CTLA-4 expression may reflect the Treg cell
activation (21). In COM group, the mRNA expression
of Foxp3 and CTLA-4 was also markedly higher than
in control group (P<0.001). The mechanism underlying
the STATS phosphorylation has been addressed above,
p-STAT'S is the active form of STATS. Although there was
no significant difference in STATS expression between
COM group and control group, the p-STAT'S expression in
COM group was significantly higher than in control group
(P<0.001). This suggests STAT'S pathway is activated, and
the activated STAT'S may bind to Foxp3, exerting biological
effects.

Taken together, IL-2/STAT5/CD4+CD25+Foxp3 Treg
pathway plays a negative regulatory role in occurrence
and development of COM. Moreover, pharmacological
intervention may employed to interfere with the
immunoregulation.
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