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Downregulated SOCSI1 expression activates the JAK1/STAT1
pathway and promotes polarization of macrophages into M1 type
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Abstract. Macrophage polarization is flexible, and involves in
different signaling pathways and various transcription factors.
Suppressor of cytokine signaling (SOCS) is an important
inhibitor of cytokine signaling pathways and also a key
physiological regulator for natural and acquired immunity
systems. Following transfection of SOCSI1 shorthairpin (shRNA
into mouse macrophage cells, reverse transcription-quantitative
polymerase chain reaction demonstrated that the mRNA levels
of Janus kinase (JAK)I and signal transducer and activator
of transcription (STAT)I increased significantly. In addition,
western blotting indicated that JAK1, STAT1 and p-STAT1
expression was significantly enhanced. Fludarabine can inhibit
phosphorylation of STAT1 and SOCSI1 expression. When
fludarabine was added and SOCS1 shRNA was transfected,
the inhibition of fludarabine was weakened, and p-STATI1
expression was upregulated. Flow cytometry detection indicated
that, following the downregulation of SOCSI1 expression,
MI-type cells significantly increased, but the proportion of
M2-type cells did not change significantly. Fludarabine can
reduce the effect of SOCS1 shRNA on promoting M1-type
cell polarization, and macrophages can polarize into both M1
and M2 phenotypes. Further ELISA results presented that,
when downregulating SOCS1 expression, interleukin (IL)-4
and IL-10 expression was both downregulated, and tumor
necrosis factor (TNF)-a and interferon (IFN)-y expression
was significantly upregulated. When adding fludarabine or
injecting with the traditional Chinese medicine Xuebijing, IL-4
and IL-10 expression was both significantly upregulated, and
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TNF-a and IFN-y expression was significantly downregulated.
When adding fludarabine and downregulating SOCSI, IL-4,
IL-10, TNF-a and IFN-y expression presented no significant
changes. The above results indicated that, when SOCSI1
expression is downregulated, it will activate the JAK1/STAT1
pathway, and thereby promote the polarization of macrophages
into M1 type. The findings are of great importance for
understanding occurrence, development and treatment of
various immune-related diseases.

Introduction

Macrophages are important phagocytic and antigen-presenting
cells in the body and they serve an important role in handling
external pathogenic microorganisms and endogenous danger
signals. Macrophages are widely distributed in various tissues
and organs and are important in maintaining homeostasis,
body defense, regulating inflammation and promoting wound
healing (1).

As important immune cells in human body, macrophages
serve an important role in antigen presentation and inflamma-
tory response. A recent study demonstrated that macrophages
are a group of heterogeneous and flexible cells with diverse and
varied immune functions, and they can polarize into different
phenotypes in different microenvironments or under different
stimuli, playing different roles in inflammatory response of
tissues (2). Depending on the activation and immune func-
tions, they can be divided into the classically activated type
(M1 type) and the alternatively activated type (M2 type). M1
type macrophages are activated by T helper (h)1 cytokines of
helper T lymphocytes, such as interferon (IFN), tumor necrosis
factor (TNF) and bacterial lipopolysaccharides (LPS), and the
activated cells can induce the expression of pro-inflammatory
cytokines, such as interleukin (IL)-6, TNF-a and IL-1f,
resist pathogen invasion, and participate in the inflamma-
tory response, but they can also cause body injury, which is
manifested as high antigen-presenting ability (3). M2 type
macrophages are activated by Th2 cytokines and, following
activation, they can induce high expression of anti-inflamma-
tory cytokines including IL-10, transforming growth factor-f3
and arginase, and low expression of pro-inflammatory cyto-
kines, thereby inhibiting the inflammatory response, protecting
surrounding tissues from the harm caused by immune response
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and promoting repair of tissue injuries (4). Therefore, a deep
study into the internal mechanism of macrophages polarity
differentiation will be of great importance for a better under-
standing occurrence, development and treatment of various
immune-related diseases.

The suppressor of cytokine signaling (SOCS) family is
a collection of negative regulatory factors that are generated
by cells and can block cytokine signaling in feedback (5). As
one important member of the family, SOCSI is involved in
various cytokine signal transductions and the differentiation of
immune cells, and serves an important role in innate and adap-
tive immune response. As an important determinant for the
activity and function of differentiated macrophages, SOCSI1
is not only a feedback inhibitor of inflammation, but is also
an important molecular switch that can effectively regulate
different aspects of macrophage balance by regulating crucial
signaling pathways (6). In the case of tissue inflammation,
macrophages will have high expression of SOCS1 or SOCS3,
but the probability of simultaneous expression of both is small.
By using IFN-y or LPS to culture mouse bone marrow-derived
macrophages, they could express SOCS1 and SOCS3, yet
following stimulation with IL-4, macrophages only expressed
SOCS1 (6,7). In contrast, when both IFN-y and LPS were
used for culturing, expression of SOCSI in macrophages was
inhibited, and these cells gradually polarized into M1 macro-
phages that only express SOCS3. Following the knock out of
SOCS3 in macrophages, culturing with IFN-y and LPS led to
an upregulation of SOCSI expression. The cells restored the
reactivity for IL-4, thereby polarizing into M2 macrophages
and inhibiting the generation of M1 macrophages and inflam-
matory mediators. The results demonstrated that SOCS3 is of
great importance for the activation of M1 macrophages, while
SOCSI can control macrophages' reactivity for IFN-y, as well
as signaling pathways of TLR4 and TLRO activation; it is also
an endogenous inhibitor of the STAT1 pathway. Upregulated
SOCSI expression can promote the polarization of macro-
phages into M2 type, indicating that SOCS1 may be involved
in the polarization process into M2 type macrophages (8-10).

Although there currently is a certain understanding of
SOCSI, its specific mechanism remains to be further explored
so as to better guide our clinical practice. In addition, Xuebijing
(XBJ) injection is an intravenous preparation made from
traditional Chinese medicines. Previous studies and clinical
trials have indicated that it is a good treatment of SIRS/MODS
(systemic inflammatory response syndrome/multiple organ
dysfunction syndrome) (11,12). In addition, current funda-
mental research has suggested that it could restrain the release
of inflammatory mediators, eliminate endotoxin and reduce the
mortality of septic animals and patients (11,12). Nevertheless,
its effect on STATs and SOCSs has not been explored until
now. Thus, the present study will make a discussion to provide
a clinical basis for determining the mechanism of Xuebijing.

Materials and methods

Isolation and culture of mouse macrophages. Animal care
and use followed the ethical guidelines of the Chinese Council
on Animal Care and were reviewed and approved by the
Institutional Animal Care and Use Committee. The mice
(purchased from the Institute of Laboratory Animal Sciences,
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Chinese Academy of Medical Sciences and Peking Union
Medical College, Beijing, China) were sacrificed by cervical
dislocation. A total of 5 ml chilled RPMI 1640 medium
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
was intraperitoneally injected. At 5 min, a pipette was used
to draw peritoneal lavage fluid, and the lavage was repeated
once. The lavage fluid recycled twice was centrifuged at 4°C,
8,000 x g, and the obtained cell pellet was washed twice with
pre-cooled RPMI1640 medium, and pre-cooled RPMI11640
medium (penicillin 100 U/ml, streptomycin 100 pzg/ml and 10%
FBS) was added for resuspension. The cells were inoculated
in 25 mm? culture flasks (BD Biosciences, Franklin Lakes,
NJ, USA) and incubated at 37°C with 5% CO,. Following 4 h
incubation, the medium was changed and was rinsed with
RPMI1640 medium twice, non-adherent cells were discarded
and the adherent cells obtained were monolayer macrophages.

Construction and transfection of short hairpin (sh)RNA vector.
shRNA targeting SOCS1 was synthesized, and was cloned into
pSilencer 2.1-U6 neo vector (Qiagen GmbH, Hilden, Germany)
following double enzyme digestion by BamHI and HindIIl
(Takara Biotechnology Co., Ltd., Dalian, China). The cells
were seed into a six-well plate at 1x10° cells/ml and incubated
for 24 h. The plasmid transfection was carried out following the
instruction of Lipofectamine 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) with a concentration of 4 pg/well. Following
transfection, fludarabine (2 #M; Selleck Chemicals, Shanghai,
China) or Xuebijing injection (50 mg/ml; Tianjin Chase Sun
Pharmaceutical Co., Ltd., Tianjin, China) was added, and cells
were cultured for 48 h prior to being analyzed by reverse tran-
scription-quantitative polymerase chain reaction (RT-qPCR)
and western blotting.

RT-gPCR. Total RNA was extracted with TRIzol (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
instruction, and then reverse transcription was performed with
One Step SYBR PrimeScript RT-PCR kit (Takara Biotechnology
Co., Ltd.). The reaction was performed with ABI PRISM 7500
Real-Time PCR system (Applied Biosystems; Thermo Fisher
Scientific, Inc.) at 42°C for 5 min, 95°C for 10 sec; then at
40 cycles of 95°C for 5 sec, 55°C for 30 sec and 72°C for 30 sec.
Primers used for RT-qPCR are presented in Table I. Three
independent experiments were conducted for each sample. Data
were analyzed by comparing the 2444 value (13).

Western blotting. Total cellular proteins were extracted by
incubating cells in radioimmunoprecipitation assay buffer with
protease inhibitors (Pierce; Thermo Fisher Scientific, Inc.). The
protein concentrations in the lysates were determined by Quick
Start Bradford Protein assay (Bio-Rad Laboratories, Inc.,
Hercules, CA,USA). SDS-PAGE was conducted using 12% gels
(Bio-Rad Laboratories, Inc.) loading equal amount of proteins
(20 pug) per lane. Following electrophoresis, separated proteins
were transferred to a polyvinylidene difluoride membrane
(Pierce; Thermo Fisher Scientific, Inc.) and blocked with 5%
non-fat milk. Following this, the membranes were incubated
with anti-SOCSI1 antibody (dilution, 1:500; cat. no. ab62584),
anti-JAK1 antibody (dilution, 1:400; cat. no. ab133666),
anti-STATI1 antibody (dilution, 1:500; cat. no. ab99415),
anti-p-STAT1 antibody (dilution, 1:500; cat. no. ab109461) and
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Table I. Primers for reverse transcription-quantitative poly-
merase chain reaction.

Primer Sequence (5'-3")
JAK1-m-F TCAAACCTGTGTCTCGCTCT
JAKI1-m-R ACGCTGTTAGTTTTCTGTGTCAG
SOCS1-m-F CTCCTTGGGGTCTGTTGGC
SOCS1-m-R GCGTGCTACCATCCTACTCG
STAT1-m-F GACCTGTCATCCCGCAGAGA
STAT1-m-R GGAGCAGAGCTGAAACGACC

F, forward; R, reverse.

anti-GAPDH antibody (dilution, 1:1,000; cat. no. ab181603; all
from Abcam, Cambridge, MA, USA) in 5% non-fat milk over-
night at 4°C, and then goat anti-rabbit I[gG monoclonal antibody
(dilution, 1:5,000; cat. no. sc-2004; Santa Cruz Biotechnology,
Inc., Dallas, TX, USA) conjugated with horseradish peroxidase
was incubated with the membranes for 1 h at room tempera-
ture. Protein bands were detected using the West Femto system
(Pierce; Thermo Fisher Scientific, Inc.), and gray values of the
bands were measured by Gel-Pro Analyzer software version 6.3
(Media Cybernetics, Rockville, MD, USA).

Flow cytometry. Following digesting macrophages with
trypsin, RPMI1640 medium was added and cells were collected
by pipetting, then the cells were centrifuged at 6,000 x g for
5 min atroom temperature and washed once with PBS. PBS was
used for resuspension, and fluorescein isothiocyanate-labeled
CD206 antibody (dilution, 1:10; cat. no. EL921283; EterLife,
London, UK) was added, and the cells were incubated in the
dark for 30 min. Following this, the phycoerythrin-labeled
anti-mouse CD197 (CCR7) (1 ug; cat. no. 12-1971-63; eBiosci-
ence, Inc., San Diego, CA, USA) was added, and cells were
incubated for 30 min. Following washing twice with PBS, and
resuspended by PBS, the cells were tested on BD Accuri™ C6
flow cytometer (BD Biosciences). The negative control (NC)
group was transfected with an empty pSilencer 2.1-U6 neo
vector. The control group was not transfected.

ELISA. IL-4 (cat. no. M4000B), IL-10 (cat. no. M1000B),
TNF-a (cat. no. MTAOOB) and IFN-vy (cat. no. MIF00) were
detected according to the manufacturer's protocol of the
ELISA kits (R&D Systems China Co., Ltd. (Shanghai, China).

Statistical analysis. SPSS statistical software (version, 17.0;
SPSS, Inc., Chicago, IL, USA) was used for data processing,
and measurement data were presented as mean + standard
deviation and processed with t-test. Differences were analyzed
by non-parametric statistical analysis (Mann-Whitney U tests)
between control and treated groups, P<0.05 was considered to
indicate a statistically significant difference.

Results

SOCSI shRNA screening. Studies have suggested that SOCS1
upregulation would promote macrophages to polarize into M2
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type (6). In order to investigate how SOCSI downregulation
would affect the polarization of macrophages, the present
study was conducted. First, shRNA targeting SOCS1 was
screened. In the study, three SOCS1 shRNAs were designed,
synthesized and cloned into pSilencer 2.1-U6 neo vector.
Following transfecting shRNAs into mouse macrophage cells,
SOCSI expression was detected. Results indicated that only
shRNA3 had a significant inhibitory effect, with the inhibition
efficiency up to 85%, while the inhibitory effect of the other
two shRNAs was not obvious (Fig. 1B). SOCS1 expression
was further detected by Western blot, and results showed that
only shRNA3 could significantly inhibit SOCS1 expression,
while the other two shRNAs did not substantially affect the
protein levels of SOCSI (Fig. 1C and D). Thus, shRNA3 has
obvious effect of suppressing SOCS1 expression and it can be
used for subsequent research.

Influence of SOCSI downregulation and Xuebijing on the
JAK/STAT pathway. The JAK/STAT signaling pathway is
a stress response pathway that was only recently discov-
ered (14,15). It is widely involved in processes such as cell
proliferation, differentiation, maturation, apoptosis and
immune regulation, and is one of the many important ways
for cytokine signal transduction (14,15). As a main feedback
regulatory protein of the JAK/STAT signaling pathway,
SOCSI1 conducts negative feedback inhibition (5,16). After
downregulating SOCSI1 expression using shRNA, the mRNA
levels of JAK1 and STAT1 both increased significantly. When
STAT1 activation inhibitor, fludarabine, was added, the mRNA
levels of SOCSI, JAKI and STAT1 presented no significant
changes (Fig. 2A). Meanwhile, western blotting indicated that,
following the downregulation of SOCS1 expression, expression
levels of JAK1, STAT1 and p-STATI increased significantly.
Fludarabine can inhibit STAT1 phosphorylation and SOCS1
expression, but it cannot affect the expression of JAK1 and
STATI. In addition when SOCS1 shRNA transfection and
fludarabine was added, the inhibition effect of fludarabine
was weakened, but p-STAT1 expression remained upregulated
(Fig. 2B and C). Furthermore, studies have reported that
the compound traditional Chinese medicine, Xuebijing, can
promote LPS to stimulate macrophages differentiation into
M2 type (17). Therefore, the current study also explored the
underlying mechanism of Xuebijing. Given that that mRNA
and protein levels of SOCS1, JAK1 and STAT1 presented no
significant changes when Xuebijing was administered (Fig. 2),
Xuebijing may not serve its role through SOCSI, JAK1 and
STATI.

Influence of SOCSI downregulation and Xuebijing on
polarization of macrophages. Macrophages will polarize into
M1 or M2 phenotypes under different conditions, and CCR7
(CD197) is the surface marker for M1 type cells, and CD206
is the surface marker for M2 type cells (18). Following the
downregulation of SOCSI1 expression, flow cytometry was
conducted and the results are presented in Fig. 3. Results
suggested that, following downregulation of SOCSI, the
proportion of M1 type cells was significantly increased, while
that of M2 type cells did not change significantly, indicating
that downregulated SOCS1 expression is conducive to the
polarization of macrophages into M1 phenotype. Adding
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Figure 1. SOCS1 shRNA inhibitory effect. (A) Mouse macrophages were cultured in RPMI 1640 medium and images were captured at x200 magnification.
(B) SOCSI expression in macrophages following transfection with SOCS1 shRNA as measured by reverse transcription-quantitative polymerase chain reac-
tion. (C and D) SOCSI expression in macrophages following transfection with SOCS1 shRNA as measured by western blot analysis. Each bar represents the
mean =+ standard deviation (n=3). "P<0.01 vs. the control. SOCSI1, suppressor of cytokine signaling-1; shRNA, short hairpin RNA; NC: negative control group
that was transfected with the empty pSilencer 2.1-U6 neo vector. The control group was not transfected.
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Figure 2. Expression of SOCSI, JAK1 and STAT1 in macrophages. Mouse macrophages were transfected with SOCS1 shRNA, added with fludarabine or
Xuebijing, respectively, and then the expression of SOCS1, JAK1 and STAT1 was measured by (A) reverse transcription-quantitative polymerase chain reac-
tion or (B and C) western blot analysis. Experiments were carried out at least in triplicate and the results were expressed as the mean =+ standard deviation.
“P<0.01 vs. control. SOCSI, suppressor of cytokine signaling-1; JAK1, Janus kinase 1; STATI, signal transducer and activator of transcription; shRNA, short
hairpin RNA; NC, negative control.

fludarabine or Xuebijing alone did not affect macrophage Influence of SOCSI downregulation and Xuebijing on the
polarization. However, when SOCS1 shRNA transfection and  expression of inflammatory cytokines. Changes in SOCS1
fludarabine was administered, macrophages could polarize  expression affect macrophage polarization, and different
into M1 and M2 phenotypes, and the ratio of two types was  phenotypes of macrophages secrete and express different
significantly increased; but the proportion of M1 type cells  inflammatory cytokines. Activated M1 macrophages can induce
slightly decreased while compared to the shRNA transfection  expression of pro-inflammatory cytokines, such as TNF-a
group. and IFN-vy, while activated M2 macrophages can induce high
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Figure 3. Macrophage activation and polarization. Mouse macrophages were transfected with SOCS1 shRNA, and either fludarabine or Xuebijing, was added.
Macrophages were then stained with fluorescently-labeled monoclonal antibodies specific for CD206 and CCR7 and analyzed by flow cytometry. NC, negative
control; SOCSI, suppressor of cytokine signaling-1; PE, phycoerythrin.
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Figure 4. Supernatant (A) IL-4, (B) IL-10, (C) TNF-a and (D) IFN-v levels were detected by ELISA. Bars with different characters are statistically different to
each other (P<0.01). IL, interleukin; TNF, tumor necrosis factor; IFN, interferon; NC, negative control; SOCSI, suppressor of cytokine signaling-1.

expression of anti-inflammatory cytokines, such as IL-4 and
IL-10 (19). The present study attempted to detect the influence
of SOCSI on inflammatory cytokine expression. ELISA results

indicated that, when downregulating SOCS1 expression, IL-4
and IL-10 expression was downregulated and TNF-o and IFN-y
expression was significantly upregulated (Fig. 4), indicating that
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inhibited SOCSI expression is not conducive to the secretion of
anti-inflammatory cytokines, but is conducive to the secretion
of pro-inflammatory cytokines. These findings are consistent
with the result that, when SOCSI1 expression is inhibited,
macrophages polarize into M1 type (Fig. 3). Furthermore,
when adding fludarabine or Xuebijing, IL-4 and IL-10 expres-
sion significantly increased, and TNF-a and IFN-y expression
significantly decreased. When SOCS1 shRNA transfection and
fludarabine was added, expression of IL-4, IL-10, TNF-a and
IFN-vy reported no significant changes (Fig. 4), indicating that
the two have a mutually antagonistic effect.

Discussion

Macrophage polarization is involved in various signaling
pathways and in the action of transcription factors, and polar-
ized macrophages are associated with the occurrence and
development of many diseases (1,2). Therefore, research on the
plasticity mechanism of macrophages polarization is of great
significance. In addition, research on macrophage polarization
can give us a better understanding of the mechanisms of cells,
especially immune cells adapting to different micro-environ-
ments, and serve as important theoretical basis for treatment
various diseases.

SOCS is generated under inducement of cytokines. As a
crucial negative regulatory protein of the JAK/STAT signaling
pathway, it regulates the body's over-stimulation for cytokines
by inhibiting signal transduction of cytokines (5). Previous
studies have indicated that SOCS is an important physiological
regulator of the innate and adaptive immune response; it can
promote or inhibit activation of macrophages and dendritic
cells, participate in T cells differentiation and immune regula-
tion (5,16). SOCSI is an important member, and there have
been some progress in the study of its function at present,
but there were few studies about the effect of its downregula-
tion on macrophages. In the present study, shRNA targeting
SOCSI was screened. Results demonstrated that, among the
three synthesized shRNAs, one had a significant inhibitory
effect, with the inhibition efficiency up to 85%, and western
blot detection also demonstrated that it could significantly
inhibit the expression of SOCSI1. Therefore, this ShRNA can
be used for subsequent research.

SOCS regulates the intensity and duration of cytokines,
hormones and growth factors primarily through inhibition of
JAK/STAT signal transduction (5). Through the JAK/STAT
pathway, macrophages will make appropriate response to >20
types of cytokine (20). Therefore, the influence of SOCS1 on
the JAK/STAT pathway was first detected. Following down-
regulating SOCSI1 expression in macrophages using shRNA,
expression levels of JAK1 and STAT1 both increased signifi-
cantly, and phosphorylation levels of STAT1 also increased
significantly. Fludarabine did not affect the mRNA levels of
SOCSI, JAKI and STATI, but it could downregulate protein
levels of SOCS1 and inhibit phosphorylation of STATI.
Furthermore, when Xuebijing was administered, the mRNA
and protein levels of SOCSI1, JAK1 and STAT1 had no signifi-
cant changes, indicating that it may not play its role through
SOCSI, JAK1 and STATI1. SOCSI was previously indicated
to act on the JH1 domain of JAKSs, inhibiting the kinase
activity, and thereby inhibited the conduction of JAK/STAT
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signaling pathway (21). The current study demonstrated that
SOCSI downregulation is conducive to the activation of the
JAK/STAT pathway. But SOCS is not only a negative regulator
for JAK/STAT signaling pathway but also a target gene of the
pathway. Therefore, the result that fludarabine could down-
regulate SOCSI expression is consistent with current findings.

Further flow cytometry detection demonstrated that, after
the downregulation of SOCSI expression, the proportion of
MI-type cells significantly increased, while that of M2-type
cells did not change significantly. Adding fludarabine or
Xuebijing alone did not affect macrophage polarization.
However, when SOCS1 shRNA transfection and fludarabine
was added, macrophages could polarize into M1 and M2 pheno-
types, but the proportion of M1 type cells slightly decreased
while compared to the shRNA transfection group. It indicated
that downregulated SOCS1 expression is conducive to the
polarization of macrophages into the M1 phenotype, while
fludarabine had an inhibitory effect. Studies on mice knocked
out of SOCSI also suggested that SOCSI1 has an inhibitory
effect on STAT1 (22). Activated M2 macrophages in vitro
demonstrated a selective and IL-4-dependent upregulation of
SOCSI (6). The test using small interfering RNA to knockout
SOCSI in bone marrow-derived macrophage cells indicated
that SOCSI1 expression is of great importance for IL-4-induced
M2-type characteristics (6). Spence et al (23) stimulated the
mice LPS to knockdown SOCS2 and SOCS3, and reported
that SOCS2 and SOCS3 are important regulatory molecules
for polarization into M1 and M2 type macrophages and
inflammatory responses. The SOCS2 knockout macrophages
highly expressed M1-type markers, while SOCS3 knockout
macrophages highly expressed M2-type markers, indicating
that SOCS2 plays an important role in polarization into M2
type macrophages and inhibition on inflammatory responses.
However, while SOCS3 is involved in polarization into M1
type macrophages and promotes the occurrence of inflam-
matory responses (8). The present study and above results all
demonstrate that SOCSI serve a key role in the regulation of
macrophage polarization.

Different phenotypes of macrophages secrete and express
various inflammatory cytokines, so ELISA was used to further
detect the expression of iconic factors such as IL-4, IL-10,
TNF-o and IFN-y. Results demonstrated that, after SOCS1
expression was downregulated, expression of IL-4 and IL-10
was downregulated, while expression of TNF-a and IFN-y
was significantly upregulated. When adding fludarabine or
Xuebijing, expression of IL-4 and IL-10 significantly increased,
while that of TNF-a and IFN-vy significantly decreased. When
SOCSI1 shRNA was transfected and fludarabine was added,
expression of above factors reported no significant changes.
The above results indicated that inhibited SOCSI expression is
not conducive to the secretion of anti-inflammatory cytokines,
but is conducive to the secretion of pro-inflammatory cyto-
kines, and fludarabine had the role of blocking the function
of SOCS1 shRNA. Studies have suggested that SOCSI serves
an important role in the negative feedback regulation of the
JAK?2/STAT3 signaling pathway (5,24). It was further indi-
cated that SOCSI1 inhibited JAK2 phosphorylation through
the central SH-2 region and inhibited activation of the STAT3
signaling pathway, thus regulating the secretion of inflam-
matory cytokines by macrophages (25,26). Function loss of
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SOCS1 may lead to JAK2/STAT3 activation and cytokine
accumulation. In contrast, an increase in SOCSI expression
would inhibit JAK2/STAT3 activation and reduce secretion
of cytokines (27,28). Therefore, downregulation of SOCSI1
could activate the JAK/STAT pathway and thereby promote
polarization of macrophages into M1 type.

In summary, changes in SOCSI1 expression serve an
important regulatory role in macrophage polarization. With a
clear understanding of its polarization mechanism, we will be
able to intervene reasonably certain key steps of macrophage
polarization to reverse the imbalance of macrophage polariza-
tion, and thereby treat various immune-related diseases from
new angles.
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