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Signal transducer and activator of 
transcription 3 downregulation in J774A.1 
cell line as a model of M2 macrophages in 
tumor microenvironment

ABSTRACT
Aim: Tumor‑associated macrophages (TAMs) play a decisive role in the regulation of tumor progression by manipulating tumor 
oncogenesis, angiogenesis, and immune functions within tumor microenvironments. Tumor progression is frequently associated 
with a phenotypic switch from M1 to M2 in TAM. Activation of signal transducer and activator of transcription 3 (STAT3) in TAM lead 
to tumor‑induced immunosuppression. STAT3 is usually constitutively activated in a variety of malignancies. Consequently, STAT3 
has emerged as a promising target for cancer immunotherapy.

Materials and Methods: In this study, J774A.1 cell line which is an M2 macrophage and overexpress STAT3 was cultured in 
Dulbecco’s Modified Eagle Medium supplemented by fetal bovine serum. Then, the STAT3 silencing was evaluated by semi‑quantitative 
reverse transcription‑polymerase chain reaction (RT‑PCR) using oligofectamine containing STAT3 short interfering RNA (siRNA). 
Oligofectamine containing STAT3 siRNA and control siRNA were added at a final concentration of 100 nM siRNA. The untransfected 
cells were considered as control group.

Results: The semi‑quantitative RT‑PCR studies showed that J774A.1 cells express a high level of STAT3. Incubation of J774A.1 cells 
with oligofectamine containing STAT3 siRNA knockdown the STAT3 expression significantly both in 48 and 72 h study; however, 
the effect was more pronounced in 72 h study.

Conclusion: The expression of STAT3 in J774A.1 cells confirmed that these cells are M2 macrophage. Moreover, silencing of 
STAT3 by siRNA delivery using oligofectamine delivery suggests that siRNA delivery using vehicles like nanoliposome could be a 
useful therapeutic agent in M2 macrophage therapy and its switch to M1 macrophages. This approach could be considered as a 
novel therapeutic agent for the treatment of all cancers.
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INTRODUCTION

Recent studies revealed that tumor‑associated 
macrophages (TAMs) play a main role in the 
regulation of tumor progression by manipulating 
tumor oncogenesis, immune functions, and 
angiogenesis within tumor microenvironments.[1‑3] 
TAMs are characterized by distinct phenotypic 
polarization referred as M1 and M2 subsets.[4,5] 
The M1 polarized macrophages manifest high 
levels of proinflammatory cytokines and promote 
Th1 responses, which contributes to tumoricidal 
activity and antitumor immunity.[6,7] Polarization 
of M1 macrophages is mainly regulated by 
distinct transcriptional networks consisting 
of IRF‑1/5, signal transducer, and activator of 

transcription (STAT)‑1/4 and nuclear factor kappa B. 
On the other hands, M2 macrophages serve as the 
critical players facilitating tissue remodeling and 
immune tolerance, which may be linked with tumor 
progression. M2 polarization is regulated through 
other transcription factors such as IRF‑4, STAT‑3/6, 
PPAR‑γ, and KLF‑4.[8‑12] In several murine models of 
carcinogenesis, tumor progression is frequently 
associated with a phenotypic switch from M1 to 
M2 in TAM.[13] Access this article online
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STATs are cytoplasmic transcription factors that act as 
intracellular effectors of cytokine and growth factor signaling 
pathways. STAT3, a member of STAT family, plays a key role in 
promoting proliferation, differentiation, anti‑apoptosis, or cell 
cycle progression. Constitutive activation of STAT3 is involved 
in a variety of tumor cell.[14‑17] As mentioned, activation of 
the STAT3 in M2 subset of TAM leading to tumor‑induced 
immunosuppression and constitutively activated STAT3 
inhibits the expression of mediators necessary for immune 
activation against tumor cells. As a result, STAT3 has emerged 
as a promising target for cancer immunotherapy.[18]

RNA interference (RNAi) is a new technique provides a novel 
approach of experimental inhibition of gene expression. RNAi 
is triggered by the presence of double‑stranded RNA (dsRNA) as 
a short interfering RNA (siRNA) with 21–25 nucleotide length 
in the cell and results in rapid degradation of the targeted 
mRNA with homology to the double strand leading to potent 
and selective silencing.[19]

Inhibition of M2 macrophages in tumor microenvironment 
could be considered as a way for cancer therapy. J774A.1 is one 
of the macrophages in the tumor microenvironment.[20] After 
induction, these macrophages produce interleukin‑6 (IL‑6). 
As regards, IL‑6 is a downstream chemokine that secret after 
STAT3 upregulation; we considered that J774A.1 can be an 
appropriate candidate for STAT3 gene expression study in vitro 
as an M2 macrophage.

As mentioned, all of the studies on STAT3 silencing to cancer 
therapy have done on cancer cells, but in this study, we 
investigate the downregulation of STAT3 with siRNA in J774A.1 
Cell line as an M2 macrophage model.

MATERIALS AND METHODS

Cell culture conditions
J774A.1 cells were cultured in Dulbecco’s Modified Eagle 
Medium (DMEM, Gibco) supplemented with 10% fetal 
bovine serum (FBS, Sigma), 50 U/ml penicillin, and 50 mg/ml 
streptomycin in a humidified atmosphere of 5% CO

2
 at 37°C. 

When confluency of cells reached to 80–90%, the cell were 
trypsinized and reseeded to new culture flasks. Culture media 
renewed twice a week.

Cell transfection with short interfering RNA against signal 
transducer and activator of transcription 3
For cell transfection, oligofectamine 2000 (Invitrogen, 
USA) was used for transfecting the siRNA following the 
manufacturer’s instructions. The cells were seeded in a 
six‑well plate and were incubated for 24 h in DMEM without 
serum or antibiotics, at which point appropriate media for the 
cells supplemented with 30% FBS was added. After 24 h, the 
cells were transfected at 30–40% confluence. Oligofectamine 
containing control siRNA (siC) and oligofectamine containing 

STAT3 siRNA (oligofectamine siS) were added at final 
concentrations of 100 nM siRNA.[21] Two distinct groups of 
cells were incubated separately 48 and 72 h for investigation 
of silencing study. No transfected cells were considered as 
negative controls.

RNA extract ion and semi ‑quant i tat ive  reverse 
transcription‑polymerase chain reaction
Cells transfected for 48 h were assayed. Total RNA 
was extracted by Trizol (Sigma) protocol and cDNA 
was synthesized using oligo (dT) and M‑MuLV reverse 
transcriptase (Fermentas, Germany). Amplifications were 
carried out with forward and reverse primer of beta‑actin (as 
an internal control) and STAT3. The sequence of primers 
for beta‑actin was forward‑5′ (CGA CAT GGA GAA GAT CTG 
GCA C) 3′ and reverse‑5′ (TCC AGA CGC AGG ATG GCG TGA) 3′ 
with polymerase chain reaction (PCR) product length 296 bp, 
and about STAT3 was forward‑5′ (GAA GAC CAA GTT CAT CTG 
TGT G) 3′ and reverse‑5′ (TAG CAC ACT CCG AGG TCA GAT) 3′ 
with PCR product length 182 bp. The DNA amplification 
program was as below: primary denaturation at 94°C for 
5 min, followed by 30 cycles of (60 s at 94°C, 45 s at 60°C, 
and 30 s at 72°C). The final extension followed by a 5 min 
at 72°C. The reaction parameters were adjusted to obtain a 
linear relation between the number of PCR cycles and PCR 
products and also a linear relation between the initial amount 
of cDNA templates and PCR products. PCR products were 
subsequently analyzed on 1.2% agarose gel, and bands were 
quantified by densitometry using Image J software.

In gene expression studies, the band densities were normalized 
to beta‑actin for each sample.

Statistical analysis
A two‑sided, nonpaired t‑test was used to analyze the 
reverse transcription‑PCR (RT‑PCR) results. Differences were 
considered significant at P < 0.05. Data are presented as a 
mean ± standard deviation for statistical comparison.

RESULTS

J774A.1 macrophage cell culture
J774A.1 macrophage cells derived from a tumor in a female 
BALB/c mouse. These cells are semi‑adherent and formed a 
monolayer after initial plating [Figure 1].

Signal transducer and activator of transcription 3 gene 
expression and silencing in J774A.1 macrophage cells
Expression of STAT3 in J774A.1 cells was determined by 
RT‑PCR [Figure 2]. After transfection of siRNA against 
STAT3 by oligofectamine delivery, the silencing study was 
investigated after 48 h and 72 h after transfection. mRNA 
was significantly reduced at 48 h and 72 h in the STAT3 siRNA 
transfection groups compared to the control (P < 0.05). The 
gene silencing level in cells was treated 72 h with STAT3 
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siRNA was significantly more than other group that treated 
for 48 h [Figure 3].

DISCUSSION

STATs are a highly conserved family of transcription factors 
that are activated in the cytoplasm, after which they 
translocate to the nucleus to regulate gene expression. Among 
the STATs, STAT3 is a key factor in cancers and can induce 
neoplastic transformation. This transcription factor directly 
contributes to tumorigenesis, invasion, and metastasis, also 
can strongly suppress the cell apoptosis and facilitate the 
cell proliferation, and it participates in the progression of 
the malignant tumor.[22,23] Therefore, inhibition of STAT3 can 
reverse tumor growth in experimental systems.

Lipid‑based colloidal particles have been extensively studied as 
systemic gene delivery carriers.[24] Although neutral liposomes 
have been successfully used to deliver siRNA in vivo,[25] cationic 
liposomes are more commonly used for siRNA delivery. 
Commercially available cationic lipid formulations such 
as oligofectamine have all been investigated as potential 
enhancers of siRNA delivery in vitro.[26]

For silencing of gene expression, we can use RNAi technique, 
which uses dsRNA to degrade specific mRNA with homologous 
sequences and blocks the expression of corresponding gene 
products as a result. In a comparison of other gene knockout 
methods, RNAi has unique characteristics such as specific for 
the selected target and is highly stable.[27] Hence, investigation 
of STAT3 silencing through siRNA delivery to the tumor or 
tumor‑associated cells can be an interesting method in cancer 
therapy.

To date, many studies have been carried out about the roles 
of STAT3 in cancer and therapeutic applications. The most 
of studies have evaluated apoptosis and/or angiogenesis in 
tumor of cancer cells such as astrocytoma cells,[28] pancreatic 
cancer cells,[29] breast cancer cells,[30] and ovarian cancer cells.[31] 
However, until now there are no available data to study the 
inhibition of macrophages in tumor microenvironment. 
According tumor progression is frequently associated with a 
phenotypic switch from M1 to M2 in TAMs.[32] With respect to 
properties of J774A.1 macrophage cells; in this study, these cells 
were considered as M2 macrophages and silencing of STAT3 
expression in these cells with STAT3 siRNA through in vitro 
oligofectamine delivery was investigated.

The concentration of siRNA and time of transfection are two 
critical agents in gene silencing by siRNA in in vitro or in vivo 
studies. Recently according to our results, Tezcanli Kaymaz 
et al. transfected lung cancer cells with 100 nM of siRNA by 
dharmafect‑1 and reported that the highest of gene silencing 
was occurred in 72 h after transfection.[33] Despite transfection 
with 200–600 nM of siRNA for silencing of STAT3 in brain 
tumor, Konnikova et al. also reported the same results in 72 h 
after transfection that confirmed our results.[28] Consistent 
with our results, Gao et al.,[34] Yang et al.,[27] and Zhao et al.[31] 
utilized the siRNA for STAT3 silencing in lung cancer, breast 

Figure 1: J774A.1 cell culture. Phase contrast photomicrographs 
showing morphological characteristics of mouse J774A.1 cells. These 
cells could reach confluency in 2 days

Figure 2: Qualitative signal transducer and activator of transcription 3 
gene expression. The results of reverse transcription-polymerase chain 
reaction for signal transducer and activator of transcription 3 in mouse 
J774A.1 cells. Beta-actin was used as a control in all cases (296 bp). 
The control is the cells not transfected, and oligofectamine is 
oligofectamine only transfected

Figure 3: Semi-quantitative signal transducer and activator of 
transcription 3 gene expression. Quantitative analysis of J774A.1 
representing the relative expression of signal transducer and activator 
of transcription 3 after short interfering RNA transfection. As seen 
in the figure, the expression of signal transducer and activator of 
transcription 3 were lower in 72 h after transfection compared with 
42 h after transfection (*The statistical significance of the difference of 
P < 0.05 and **The statistical significance of the difference of P < 0.01)
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cancer, and ovarian cancer, respectively. All of these three 
groups compared the gene silencing in 24, 48, and 72 h after 
transfection and reported the highest gene silencing in 72 h 
after treatment.

This study also shows that J774A.1 macrophage cells 
overexpress STAT3 and that these cells are M2 macrophages 
can be used as a typical model for M2 macrophages to 
study M1/M2 modulation. Oligofectamine containing STAT3 
siRNA knock‑down significantly the STAT3 expression. This 
finding suggests that siRNA delivery using vehicles like 
nanoliposome[35,36] could be a useful therapeutic agent in M2 
macrophage therapy and its switch to M1 macrophages. This 
approach could be considered as a novel therapeutic agent for 
the treatment of all cancers.
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