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Abstract. Tuberculosis (TB) induced by Mycobacterium 
tuberculosis (M. tb), is one of the deadliest human infections 
worldwide. Our previous studies demonstrated cofilin‑1 
(CFL1) expression was significantly increased in exosomes 
from Mycobacterium  avium (M.  avium)‑infected macro‑
phages. The expression of CFL1 protein in M. tb infected 
hosts was investigated in the present study to predict whether 
CFL1 could have potential as a biomarker for M. tb infection. 
In the present study, the mRNA and protein expression levels 
of CFL1 in M. avium‑infected macrophages and superna‑
tants were analyzed via reverse transcription‑quantitative 
PCR and western blotting. Furthermore, CFL1 expression 
in macrophages was knocked down in vivo, and then CFL1 
expression levels in M. avium‑infected macrophages and 
supernatant were detected via western blotting and ELISA. In 
addition, CFL1 was detected in the peripheral blood mono‑
nuclear cells and plasma of patients with TB using western 
blotting and ELISA. The specificity and sensitivity of CFL1 
as a biomarker and the association between TB infection 
and normal individuals were compared and analyzed using 
GraphPad Prism 5. CFL1 protein expression levels were 
significantly increased in M. avium‑infected macrophages 
and supernatant. Meanwhile, CFL1 was upregulated in 
patients with TB. Bioinformatics statistics indicated the 
high specificity and sensitivity of CFL1 in patients with TB. 
Thus, these results suggest that CFL1 may act as a potential 
biomarker of TB infection.

Introduction

Tuberculosis (TB) induced by Mycobacterium tuberculosis, is 
one of the deadliest human infections worldwide (1). In 2021, 
there were 5.8 million new TB cases globally, and nearly 1.5 
million patients died from TB‑associated disease (2). Over 
the past 100 years, great achievements have been made in TB 
treatment and control through the Bacillus Calmette‑Guerin 
vaccination and the application of anti‑TB drugs (3). However, 
there is still a lack of understanding of the host‑pathogen 
interactions that occur to better control TB (4). In view of 
the global TB infection rate of 1/3, early TB recognition and 
treatment are urgently required (5). At present, clinical studies 
have uncovered that early TB diagnosis is still quite difficult, 
and the rates of morbidity and mortality are increased due to 
misdiagnosis (6‑8).

Cofilin (CFL), an actin decomposing factor, is expressed in 
various cells and modulates the generation of actin filaments 
by controlling polymer formation and degradation (9). As the 
non‑muscle isoform of its gene product, CFL1 is required by 
the importin‑9‑regulated nuclear migration of G‑actin (10) 
and is involved in transcription extension modulated by 
RNA polymerase II (11). CFL1 was previously recognized as 
a critical protein in the routine nuclear structures and roles 
of remote cell types (12). CFL1 has an essential role in cell 
movement and cytoplasmic changes and is directly associ‑
ated with the invasion, spread and drug resistance of various 
human malignancies such as mammary tumors (13‑16). Of 
note, our previous proteomics studies on exosomes found 
that CFL1 was significantly increased in the supernatant of 
Mycobacterium avium infected macrophages (17) and was 
also upregulated in M. avium‑infected macrophages (18).

The present study aimed to explore the expression of 
cofilin‑1 in M. avium‑infected macrophages and the blood of 
patients with TB and investigate the possibility of CFL1 as a 
marker for use in TB diagnosis.

Materials and methods

Patient sample preparation. Between May 2019 and July 
2020, a total of 36 patients with active TB (16 female; age, 
25‑65 years; mean age, 46.6 years; 20 males, age, 24‑63 years, 
mean age, 43.6 years) and 34 healthy subjects (17 female; age, 
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22‑56 years; mean age, 40.2 years; 17 males, age, 20‑55 years, 
mean age, 38.5 years) were recruited for the present study at 
The First People's Hospital of Kunshan Affiliated to Jiangsu 
University (Kunshan, China). EDTA‑treated peripheral blood 
(5 ml) and plasma were collected from all subjects. Approval 
was obtained from the Ethics and Scientific Committee of 
the Affiliated Kunshan Hospital of Jiangsu University, and 
all participants signed an informed consent form (approval 
no. IEC‑C‑007‑A07‑V3.0). The experiments were performed 
in accordance with the Declaration of Helsinki Principles. TB 
patients were diagnosed according to the clinical criteria from 
the WHO (19), and normal individuals included those with the 
results of negative tuberculin skin tests.

Peripheral blood (5 ml) treated with EDTA was mixed 
with PBS at a 1:1 ratio and added into 50  ml centrifuge 
tubes, to which 20 ml Ficoll separation solution was added, 
and centrifugation was performed at 1,200 x g for 30 min at 
room temperature. Finally, peripheral blood mononuclear cells 
(PBMCs) were transferred into new tubes and stored at ‑80˚C 
for the subsequent experiments.

Cell‑free plasma was isolated from all blood samples using 
heparin anticoagulant tubes, and centrifuged at 4,000 x g for 
30 min at room temperature. The plasma samples were then 
separated into microcentrifuge tubes and stored at ‑80˚C.

Cell culture. THP‑1 cells (The Cell Bank of the Type Culture 
Collection of The Chinese Academy of Sciences) were cultured 
in Dulbecco's modified Eagle's medium (DMEM) (Hyclone; 
GE Healthcare, USA) with 10% fetal bovine serum (FBS) 
(Hyclone; GE Healthcare) and 1% penicillin‑streptomycin, and 
cultured at 37˚C in a humid condition with 5% CO2. THP‑1 
cells grown in 6‑well plates at 75% confluence were induced 
into macrophages with 0.1 nM phorbol ester. Macrophages 
were infected with M. avium (Mol 1:10, 1:50, 1:100, 1:200) for 
24 h.

Cell transfection. Small interfering RNA (siRNA) of CFL1 
(50 nm) (Shanghai GenePharma Co., Ltd.) were transfected 
into macrophages grown in 6‑well plates at 75% confluence 
using Lipofectamine® 3000 reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) at 37˚C for 24 h according to the manu‑
facturer's instructions. The sequences used were as follows: 
CFL1 siRNA sense, 5'‑GAA​GGU​GCG​UAA​GUC​UUC​ATT​‑3' 
and antisense, 5'‑UGA​AGA​CUU​ACG​CAC​CUU​CTT​‑3'; and 
scrambled siRNA sense, 5'‑AUA​UUC​CUG​CGA​UAG​CUC​
GTT​‑3' and antisense, 5'‑CGA​GCU​AUC​GCA​GGA​AUA ​
UTT‑3'.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
instructions. cDNA was synthesized from isolated RNA with 
a PrimeScript™ RT reagent kit (Takara Biotechnology Co., 
Ltd.). qPCR was performed with the Super SYBR Green kit 
(Thermo Fisher Scientific, Inc.) on ABI7500 (Thermo Fisher 
Scientific, Inc.) instrument. The qPCR primers were as follows: 
CFL1‑forward (F), 5'‑TGC​CCT​CTC​CTT​TTC​GTT​TCC​‑3' 
and ‑reverse (R), 5'‑CTC​CTC​TGG​CGT​TGA​AGA​CT‑3'; and 
GAPDH‑F, 5'‑AGA​AGG​CTG​GGG​CTC​ATT​TG‑3' and ‑R, 
5'‑AGG​GGC​CAT​CCA​CAG​TCT​TC‑3'. The thermocycling 

conditions were: 95˚C for 10 min, followed by 36 cycles of 
95˚C for 25 sec and 60˚C for 30 sec. The mRNA fold‑change 
was calculated by using the 2‑∆∆Cq method (20).

Cytokine analysis. Macrophages cultured in 6‑well plates 
were treated with M. avium or transfected with CFL1‑siRNA 
for 24 h. The expression of CFL1 in the plasma and super‑
natant of transfected cells of patients with TB was detected 
by ELISA (cat. no. CSB‑EL005280HU, Cusabio Technology 
LLC). The cytokine content was determined by the standard 
curve method.

Western blotting. The PBMCs and transfected cells were lysed 
with RIPA lysate (cat. no: P0013C, Beyotime Biotechnology 
Corp.) for BCA protein quantification. The proteins (20 µg) 
were separated via SDS‑PAGE on 10% gel and subsequently 
transferred onto a PVDF membrane (Bio‑Rad Laboratories, 
Inc.). The membranes were first incubated with primary 
anti‑CFL1 antibodies (cat. no.  CSB‑PA001739; 1:1,200, 
Cusabio Technology LLC) at 37˚C for 60  min and then 
with HRP‑conjugated Affinipure goat anti‑rabbit IgG (H+L) 
secondary antibody at 37˚C for 120  min. After washing, 
immunoreactivity was visualized using Chemiluminescent 
Substrate System (Thermo Fisher Scientific, Inc.) according 
to the instructions of the manufacturer. Band intensity was 
evaluated using ImageJ 1.45 software (National Institutes of 
Health).

Receiver operating characteristic (ROC) curves. The diag‑
nostic ability of CFL1 in patients infected with TB was 
analyzed by ROC curves. The area under the ROC curve 
(AUC) detects the capability of an index to differentiate 
two groups. AUCs of 90‑100%, 80‑90%, 70‑80%, 60‑70%, 
50‑60% and <50% generally imply excellent, good, fair, poor, 
bad (or failed) and incapable (or random data), respectively. 
Therefore, the ROC curve was used to evaluate the predictive 
power of CFL1 in discriminating between healthy individuals 
and patients with TB.

Statistical analysis. All statistical tests were performed 
using GraphPad Prism 5 (GraphPad Software, Inc.). One‑way 
ANOVA followed by Tukey's post hoc test were performed on 
this statistical software and the statistical test used is mentioned 
in the figure legends. All experimental results are expressed as 
the mean ± SEM from three individual experiments. P<0.05 
was considered to indicate a statistically significant difference.

Results

M.  avium infection promotes the expression of CFL1 in 
macrophages. ELISA, RT‑qPCR and western blotting were 
performed to detect the expression of CFL1 mRNAs and 
proteins in the supernatant of M. avium infected macrophages 
or infected cells. CFL1 mRNA was significantly elevated 
in the macrophages as determined by RT‑qPCR (Fig. 1A). 
Moreover, the results of ELISA showed that CFL1 protein 
was significantly enhanced in M. avium‑infected macrophages 
(Fig. 1B). In addition, CFL1 protein were also significantly 
elevated in M. avium‑infected macrophages as determined by 
western blotting (Fig. 1C and D).
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M. avium promotes the expression of CFL1 in macrophages. 
To explore the effect of M. avium on CFL1 expression in 
macrophages, CFL1 siRNA was transfected into macro‑
phages. It was observed that CFL1 mRNA expression levels 
were significantly decreased in cells and M. avium‑infected 

macrophages transfected with siRNA compared with the 
controls, whereas M. avium enhanced CFL1 expression in 
siRNA‑transfected cells compared with the scrambled siRNA 
or NC groups (Fig. 2A). In addition, CFL1 protein expression 
was increased in the supernatant and cells stimulated with 

Figure 1. Expression of CFL1 in M. avium‑infected macrophages. (A) Expression of CFL1 mRNA in macrophages infected with M. avium as determined 
via reverse transcription‑quantitative PCR. (B) The concentration of CFL1 in the supernatant of macrophages infected with M. avium was measured by 
ELISA. (C and D) The expression levels of CFL1 protein in macrophages were detected via western blotting. *P<0.05, **P<0.005, ***P<0.001 vs. NC. M. avium, 
Mycobacterium avium. NC, negative control; CFL1, cofilin‑1. 

Figure 2. Expression of CFL1 in macrophages is influenced by M.  avium infection (TB). (A)  Expression of CFL1 mRNA in macrophages was regu‑
lated by CFL1 and M.  avium (TB) as determined via reverse transcription‑quantitative PCR. (B)  CFL1 protein expression in the supernatant of 
M.  avium‑infected macrophages as measured by ELISA. (C  and  D)  CFL1 protein expression levels in CFL1‑siRNA transfected macrophages or 
M. avium‑infected cells were detected via western blotting. Scrambled siRNA, cofilin‑1 siRNA, scrambled siRNA + TB, cofilin‑1 siRNA vs. NC. *P<0.05, 
**P<0.005, ***P<0.001 vs. NC. NC, normal control; M.  avium, Mycobacterium  avium; siRNA, small interfering RNA; CFL1, cofilin‑1; TB, tuberculosis.
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M. avium compared with the scrambled siRNA or NC groups 
(Fig. 2B‑D). These findings revealed that M. avium could 
promote CFL1 expression in macrophages.

CFL1 is highly expressed in patients infected with TB. 
In vitro experiments showed that infection with M. avium 
could promote the expression of CFL1. RT‑qPCR results 
demonstrated that CFL1 mRNA expression was significantly 
increased in patients with TB compared with normal controls 
(Fig.  3A). In addition, as determined by ELISA, CFL1 
protein was markedly elevated in both plasma and PBMCs 
from the TB patients compared with the normal patients 
(Fig. 3B and C). Western blotting results showed that the 
expression of CFL1 protein in the PBMCs of patients with 

TB was significantly increased compared with the normal 
controls (Fig. 3D and E).

CFL1 may be an effective predictor of patients with TB 
through ROC curve. ROC curve showed that CFL1 mRNA 
expression was highly effective in distinguishing patients with 
TB from healthy controls (AUC, 81.81%; Fig. 4A and B).

Discussion

CFL1, a primary actin‑linking factor in platelets, is required to 
sever actin filaments during reconstruction of the actin cytoskel‑
eton (21). CFL1 is closely associated with tumor occurrence and 
can act as a diagnostic marker for several types of tumors (22). 

Figure 3. Expression levels of CFL1 in patients infected with M. avium infection (TB) were quantified. (A) CFL1 mRNA expression levels in the PBMCs of 
patients infected with TB were detected via reverse transcription‑quantitative PCR. (B) The concentration of CFL1 protein in the plasma of patients infected 
with TB was measured by ELISA. (C) The relative expression of CFL1 protein in PBMCs of patients infected with TB was determined via western blotting. 
**P<0.005, ***P<0.001. vs. Normal cases. (D and E) Partial results of western blotting experiments of CFL1 protein in PBMCs of patients infected with TB 
were performed and the bands were statistically analyzed. TB cases (13#, 21#, 27#, and 31#) vs. normal cases (N, 1#, 16#, 29#). ***P<0.001 vs. Normal. TB, 
tuberculosis; PBMCs, peripheral blood mononuclear cells; CFL1, cofilin‑1. 

Figure 4. Receiver operating characteristic (ROC) curves show the diagnostic ability of CFL1 to distinguish patients with TB infection from healthy controls. 
(A) CFL1 mRNA expression in PBMCs to distinguish TB infection from healthy controls. (B) CFL1 protein expression in plasma to distinguish TB from 
healthy controls. AUC values between 90 and 100% are considered excellent, 80‑90% good, 70‑80% fair, 60‑70% poor, 50‑60% bad classifiers. Area under 
the ROC curve (AUC) <50% indicates random values that are not capable of distinguishing between two groups. TB, tuberculosis; PBMCs, peripheral blood 
mononuclear cells; CFL1, cofilin‑1. 
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For instance, excessive CFL1 expression was found to inhibit 
the progression and spread of non‑small cell lung cancer (23), 
and CFL phosphorylation was found to be higher in bladder 
cancer tissues compared with that observed in healthy bladder 
tissues (24). An accumulating number of reports have shown 
that CFL1 protein may mark the diagnosis and prognosis of 
tumors (25‑27). For example CFL1 expression was found to be 
significantly increased in the blood of patients with lung adeno‑
carcinoma compared with healthy individuals (28).

Moreover, previous literature suggests the significant roles of 
CFL1 in microbial infection‑related diseases. For example, the 
activity of CFL1 following herpes simplex virus (HSV)‑1 infec‑
tion may be modulated by a RhoGTPase‑regulated transduction 
pathway in the pathogenesis of HSV‑1‑induced neurological 
disorders (29). CFL1 has been reported to be upregulated in 
exosomes derived from M. avium‑infected macrophages (17). 
In addition, infection by Mycobacterium tuberculosis (M. tb) 
regulates coronin1‑mediated upregulation of intracellular 
cAMP, followed by activation of CFL1 and the depolymeriza‑
tion of F‑actin to suppress phagosomal acidification and its 
maturation in macrophages (30).

In the present study, upregulated CFL1 gene and protein 
expression levels were found in M. avium‑infected macro‑
phages. Meanwhile, the knockdown experiments revealed that 
CFL1 expression was influenced by M. avium infection. The 
expression of CFL1 in macrophages detected by immunohis‑
tochemistry will be analyzed in future experiments.

In view of its numerous biological functions in tumor cells 
and its potential as a diagnostic marker, we speculated that 
CFL1 may also be used as a biomarker of TB infection. In 
the in vitro experiments, CFL1 was notably upregulated in 
36 patients with TB compared with healthy individuals. The 
CFL1 mRNA and protein expression levels of AUC in patients 
with TB and controls were 0.84 and 0.76, respectively indi‑
cating that they have good value as diagnostic markers. CFL1 
expression showed diagnostic value in detecting TB infection.

Due to the limited number of samples, this was a prelimi‑
nary study to explore the diagnostic value of CFL1 in the 
peripheral blood of patients with TB. In future studies, we will 
collect a large number of samples and add a sample group of 
patients with latent TB. In summary, the results of the present 
study indicated that CFL1 is a noteworthy target from the 
perspective of TB peripheral blood diagnosis, and our research 
team will continue to investigate it.
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