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miR-143-3p is correlated with inflammatory pain responses, such as hsa-miR-143-3p ex-
pression reduction in fibromyalgia. The present study aimed to explore the effects of
miR-143-3p and Toll-like receptor (TLR) 4/myeloid differentiation factor 88 (MyD88)/NF-κB
signaling pathway on pulmonary inflammatory factors levels and alveolar epithelial cell
apoptosis in mycoplasmal pneumonia mice. Twenty mice were selected as normal group.
The 120 successfully modeled Mycoplasma pneumoniae (MP) infection mice were randomly
divided into model group (without any treatment), negative control (NC) group (injected with
NC mimic), miR-143-3p mimic group (injected with miR-143-3p mimic), miR-143-3p inhibitor
group (injected with miR-143-3p inhibitor), TAK-242 group (treatment with TAK-242), and
miR-143-3p inhibitor + TAK-242 group (treatment with miR-143-3p inhibitor + TAK-242).
Compared with model group, model mice had up-regulated miR-143-3p expression and
decreased MyD88 and p-NF-κB p50 protein expressions (all P<0.05); Model mice treated
with miR-143-3p mimic and TAK-242 had reduced interleukin (IL)-2 and tumor necrosis
factor (TNF)-α contents and protein expressions of MyD88, p-NF-κB p50, increased IL-10
content, fewer alveolar epithelial cell apoptosis, lower Bax expression and higher Bcl-2 ex-
pression (all P<0.05); however, mice with miR-143-3p inhibitor treatment showed opposite
trends in terms of above indicators. The exacerbation of mycoplasmal pneumonia caused by
miR-143-3p inhibitor was partly improved by miR-143-3p inhibitor + TAK-242 combination
treatment (all P<0.05). Therefore, up-regulation of miR-143-3p expression may ameliorate
pulmonary inflammatory factors levels and reduce alveolar epithelial cell apoptosis in my-
coplasmal pneumonia mice by inhibiting TLR4/MyD88/NF-κB signaling pathway.

Introduction
Mycoplasma pneumoniae (MP) is a Gram-negative microorganism and the main cause of respiratory
tract infection and community-acquired pneumonia [1], which is often associated with hemolysis, skin
injury, arthralgia, gastrointestinal symptoms, central nervous system problems, heart disease and other
extra-pulmonary complications [2,3]. MP is a prokaryotic human pathogen in the class Mollicutes and
has key microbiological characteristics that differ from other bacteria. MP is the smallest self-replicating
bacterium containing extremely small genome [4,5]. As a prokaryotic pathogen, it has three membranes
and the absence of cell wall, and its survival is dependent on nutrition exchange of the host. MP has slow
growth, of which the cultivation takes up to 6 weeks [6]. MP initially attaches to the surface of airway
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epithelial cells. The absence of cell wall facilitates MP membrane to directly contact its host, thus being able to transfer
or exchange membrane components [7]. In the process, pathogen with toxic molecules destroys host cells and induces
ciliary dyskinesia and epithalaxia to acquire key nutrients for growth [8]. Pathogenicity of Mycoplasma infection is
the result of local tissue destruction, cytotoxicity and host immune response, and it spreads from person to person
through respiratory droplets. Once MP attaches to epithelial cells, it will produce reactive oxygen species to damage
epithelial cells [9].

MP triggers the production of interleukin (IL)-8, tumor necrosis factor (TNF)-α and other pro-inflammatory cy-
tokines. Content of IL-8 and TNF-α in the serum increase with the aggravation of MP infection [10]. Several MP
membrane proteins have a high affinity to receptors on host cells. Mycoplasma membrane lipoprotein induces host
immune responses through interacting with pattern recognition receptors, especially Toll-like receptor (TLR) 2 and
TLR6 [11]. TLR4/myeloid differentiation factor 88 (MyD88)/NF-κB signaling pathway participates in the body’s im-
mune responses and alveolar inflammation. TLR4 is activated after body injury and further promotes the expres-
sion of downstream factors MyD88 and NF-κB, facilitating the expression of inflammatory factors IL-2 and TNF-α
[12,13]. Alveolar epithelial cells synthesize and secrete pulmonary inflammation-related cytokines, and the apoptosis
of alveolar epithelial cells leads to the development of pneumonia. Apoptosis is an important mechanism for losing
defense function of body, which includes two main synergistic approaches, the external death receptor pathway and
internal apoptosis signal pathway [14]. Cytokines play a vital role in the pathogenesis of pneumonia, which affects
the intercellular signal transduction and inflammation. TNF, IL-1, IL-6, 1L-8, IL-10 and other anti-inflammatory
cytokines are crucial to regulate immune responses [15].

As a non-coding RNA, microRNA (miRNA) can regulate and control multiple life activities by regulating the
transcription of downstream target gene. We speculated that there might be some miRNAs that could regu-
late inflammatory cytokine release and alveolar epithelial cell apoptosis in mycoplasmal pneumonia by affecting
TLR4/MyD88/NF-κB signaling pathway [16,17]. In the bioinformatics screening, we found that there was a targeted
binding site of miR-143-3p and MyD88. miR-143-3p can inhibit the activation of extracellular signal-regulated pro-
tein kinase 5 (ERK5) and further damage the anti-inflammatory activity of PPARδ [18]. However, some studies report
that miR-143-3p is down-regulated in cardiovascular diseases [19]. It is demonstrated that miR-143-3p is correlated
with inflammatory pain responses, such as hsa-miR-143-3p expression reduction in fibromyalgia patients [15]. There-
fore, we speculated that miR-143-3p might regulate MyD88/NF-κB signaling pathway to inhibit inflammatory factors’
levels and alveolar epithelial cell apoptosis in mice with mycoplasmal pneumonia by the targeted down-regulation of
MyD88 expression.

Therefore, our study was aimed at exploring whether miR-143-3p could affect inflammatory factors’ levels and
alveolar epithelial cell apoptosis in mice with mycoplasmal pneumonia by regulating TLR4/MyD88/NF-κB signaling
pathway.

Methods
Laboratory animals
A total of 160 healthy male C57BL/6 mice (clean grade, weighing 35 +− 5 g) were regularly fed, of which 20 mice
were in normal group, and the rest were used to establish the mycoplasmal pneumonia model. MP standard strain
was re-dissolved in PPLO complete culture solution and incubated at 37◦C in a biochemical incubator. MP infection
model was established by nasal drip for 14 days. Mice in the normal group were administrated the same amount of
distilled water. The present study was carried out in the Gansu Provincial Respiratory Endoscopy Medical Quality
Control Center and approved by the Ethics Committee of Gansu Provincial Respiratory Endoscopy Medical Quality
Control Center (9622018J0231).

Grouping and treatment
The successfully modeled mice were divided into model group (without any treatment), negative control (NC)
group (injection of NC mimic), miR-143-3p mimic group (injected with miR-143-3p mimic), miR-143-3p in-
hibitor group (injected with miR-143-3p inhibitor), TAK-242 group (injected with TLR4 inhibitor, TAK-242), and
miR-143-3p inhibitor + TAK-242 group (injected with miR-143-3p inhibitor and TAK-242). NC, miR-143-3p mimic
and miR-143-3p inhibitor were designed and synthesized by the Suzhou GenePharma Co., Ltd., China. TAK-242
(MedChemExpress Limited Liability Company) was diluted to 10 mg/ml and was intraperitoneally injected into mice
at the dose of 10 mg/kg per 3 days for 2 weeks. Then mice were killed by collecting blood from the eyeball under nar-
cotism by intraperitoneal injection of 0.3% pentobarbital sodium (30 mg/ kg), and the lung tissue was harvested and
stored in liquid nitrogen.
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Table 1 qRT-PCR primer sequences

Gene Sequence

miR-143-3p Forward: 5′-TGAGATGAAGCACTGTAGCTC-3′

Reverse: 5′-GCTACAGTGCTTCATCTCATT-3′

TLR4 Forward: 5′-ACAAACGCCGGAACTTTTCG-3′

Reverse: 5′-GTCGGACACACACAACTTAAG-3′

MyD88 Forward: 5′-TTGCCAGCGAGCTAATTGAG-3′

Reverse: 5′-ACAGGCTGAGTGCAAACTTG-3′

NF-κB p50 Forward: 5′-TGTCTGCACCTGTTCCAAAG-3′

Reverse: 5′-TCAGCATCAAACTGCAGGTG-3′

Bcl-2 Forward: 5′-AGTACCTGAACCGGCATCTG-3′

Reverse: 5′-GCTGAGCAGGGTCTTCAGAG-3′

Bax Forward: 5′-CGAGCTGATCAGAACCATCA-3′

Reverse: 5′-GGTCCCGAAGTAGGAGAGGA-3′

U6 Forward: 5′-CTCGCTTCGGCAGCACA-3′

Reverse: 5′-AACGCTTCACGAATTTGCGT-3′

GAPDH Forward: 5′-TCTCCCTCACAATTTCCATCCC-3′

Reverse: 5′-TTTTTGTGGGTGCAGCGAAC-3′

Dual-luciferase reporter system
The binding site between miR-143-3p and MyD88 was predicted by bioinformatics website (www.targetscan.org),
which was verified by dual-luciferase reporter system assay. PGL3-MyD88 wildtype (wt), PGL3-MyD88 mutant (mut)
reporter plasmids were constructed. The two reporter plasmids and Renilla luc plasmid were co-transfected with NC
mimic and miR-143-3p mimic into HEK293T cells, respectively. Twenty-four hours after cell transfection, the Renilla
luciferase activity were detected according to the instruction of dual-luciferase reporter kit (D0010, Solarbio, Beijing,
China).

qRT-PCR
RNA in the lung tissue of four mice in each group was extracted with TRIzol (Thermo Fisher Scientific, New York,
U.S.A.). RNA was reverse-transcribed into cDNA by reverse transcription kit (Thermo Scientific, U.S.A.). qRT-PCR
detection was performed by using SYBR® Premix Ex Taq™ II kit (TaKaRa, Dalian, China). qRT-PCR solutions in-
cluded 2μl PCR forward primer, 2μl PCR reverse primer, 25μl SYBR® Premix Ex Taq™ II (2×), 1μl ROX Reference
Dye (50×), 4μl DNA templates and 16μl ddH2O (Fortune Bio-tech Co., Ltd., Shanghai, China). Primers were synthe-
sized by the BioSune Biotech Co., Ltd., Shanghai, China (Table 1). qRT-PCR was performed using ABI PRISM®7300
system (Prism®7300, Shanghai Kunke Equipment Co., Ltd., China). qRT-PCR conditions: pre-denaturation at 95◦C
for 10 min followed by 35 circles of denaturation at 95◦C for 15 s and annealing at 60◦C for 30 s, and extension at
72◦C for 1 min. miR-143-3p took U6 as the internal reference, and others took GAPDH as the internal reference.
2−��Ct showed the relative expression level of each target gene.

Western blot
The lung tissues of four mice in each group were used to prepare tissue homogenate. Then total protein in the tissue
was extracted by using RIPA lysis buffer containing PMSF (R0010, Solarbio). Protein concentration was measured
according to the instructions of BCA kit (Thermo, U.S.A.) and adjusted. The protein was mixed with 5× loading
buffer and denatured on the boiling water bath. SDS/PAGE was used to separate the denatured protein which was then
transferred to PVDF membrane. Then the membrane was sealed with 5% skim milk at room temperature for 1.5 h
and incubated at 4◦C overnight with primary antibodies including rabbit anti-human TLR4 (1:1000, ab13867, Abcam,
U.S.A.), MyD88 (1:1000, ab135693, Abcam, U.S.A.), NF-κB p50 (1 μg/ml, ab220803, Abcam, U.K.), p-NF-κB p50 (1
μg/ml, phospho S337, ab28849, Abcam, U.K.), Bax (1:1000, ab8805, Abcam, U.S.A.), Bcl-2 (1:1000, ab32124, Abcam,
U.S.A.) and GAPDH (1:5000, ab9385, Abcam, U.S.A.). After the membrane was washed three times, it was added
with horseradish peroxidase-labeled goat anti-rabbit IgG antibody (1:10000, ab97051, Abcam, U.K.) and incubated
for 2 h. Then the membrane was washed three times and developed. Imaging was implemented by Bio-Rad gel imager
(Bio-Rad, U.S.A.). Relative protein expression = gray value of target protein band/gray value of GAPDH band.
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Figure 1. Pathologic changes of the lung tissue (400×)

HE staining
In each group, the lung tissues of four mice were fixed in 10% formalin for 24 h, which were routinely processed
to prepare dewaxed sections. The section was stained using Hematoxylin (H8070-5g, Solarbio, China) for 3 min
and rinsed for 5 min, differentiated using 0.5% hydrochloric acid alcohol for 10 s, rinsed with anti-blue liquid for
10 min, and stained with Eosin (G1120, Solarbio, China) for 5 min. Finally, the section was routinely dehydrated,
transparentized and sealed with natural gum. An optical microscope (XP-330, Shanghai Bingyu Optical Instrument
Co., Ltd., China) was employed to observe the changes of histological structure in each section.

ELISA
The whole blood samples of four mice in each group were centrifuged at 3500 rpm and 4◦C for 15 min to obtain serum
samples. Content of serum IL-2 (ab10752, Abcam, U.S.A.), IL-10 (ab108870, Abcam, U.S.A.) and TNF-α (ab6671,
Abcam, U.S.A.) were measured according to the instructions of the kits.

TUNEL
The paraffin section was dewaxed, hydrated, immersed in 3% H2O2 for 12 min and incubated at room temperature
with proteinase K (20 μg/ml, dissolved in Tris/HCl) for 30 min. The section was rinsed three times with PBS and
TUNEL reaction mixture was dropwise added on the section and incubated in a wet box at 37◦C for 1 h. After,
rinsing three times with PBS, and the section was observed under fluorescence microscope (ECLIPSE Ti, Nikon,
Japan). Brown-stained cells represented TUNEL-positive cells. The percentage of TUNEL positive cells in total cells
was counted in three randomly selected visual fields, namely apoptosis index (AI).

Statistical analysis
The data were analyzed by SPSS 21.0 software (SPSS Inc, Chicago, IL, U.S.A.). All measurement data were shown as
mean +− standard deviation. Comparison among groups was performed by one-way analysis of variance combined
with post hoc Bonferroni pairwise comparison. There was a significant difference at P<0.05.

Results
Pathologic changes of the lung tissue
Pathologic changes of the lung tissue were detected by HE staining (Figure 1). Mice in normal group had clear lung
tissue and no inflammatory cell infiltration in the bronchi. Mice in model, NC and miR-143-3p inhibitor + TAK-242
groups had lymphocytes, eosinophilic granulocytes and other inflammatory cells aggregation in the tracheas. Mice
in miR-143-3p mimic and TAK-242 groups had fewer inflammatory cells in the lumen of the trachea as compared
with model group, while mice in miR-143-3p inhibitor group had more inflammatory cells.

Content of IL-2, IL-10 and TNF-α in the serum
Content of IL-2, IL-10 and TNF-α in the serum were detected by ELISA (Figure 2). Compared with normal group,
model mice had significantly higher serum IL-2 and TNF-α content and lower IL-10 content (all P<0.05). Compared
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Figure 2. Content of IL-2, IL-10 and TNF-α in the serum

Compared with normal group, *P<0.05; compared with model group, #P<0.05; compared with NC group, %P<0.05; compared

with miR-143-3p mimic group, &P<0.05; compared with miR-143-3p inhibitor group, $P<0.05; compared with TAK-242 group,
@P<0.05.

with mice without treatment, mice with miR-143-3p mimic and TAK-242 treatment had decreased IL-2 and TNF-α
content and increased IL-10 content, while miR-143-3p inhibitor treatment induced opposite changes (all P<0.05).
TAK-242 could reversed the changes caused by miR-143-3p inhibitor (all P<0.05).

Epithelial cell apoptosis in the lung tissue
Epithelial cell apoptosis in the lung tissue were detected by TUNEL staining (Figure 3). Compared with normal group,
model mice had significantly more TUNEL-positive cells in the rest groups (all P<0.05). Compared with mice with-
out treatment, model mice with miR-143-3p mimic and TAK-242 treatment had less TUNEL-positive cells, while
miR-143-3p inhibitor treatment induced opposite changes (all P<0.05). TAK-242 could reversed the changes caused
by miR-143-3p inhibitor (all P<0.05).

Bax and Bcl-2 mRNA and protein expressions in the lung tissue
mRNA and protein expressions of apoptosis-related factors Bax and Bcl-2 were measured by qRT-PCR and West-
ern blot in order to investigate how miR-143-3p mediated TLR4/MyD88/NF-κB signaling pathway to work on the
apoptosis of alveolar epithelial cells of mice with mycoplasmal pneumonia (Figure 4). Compared with normal group,
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Figure 3. Apoptosis in the lung tissue

(A) Apoptosis in the lung tissue detected by TUNEL staining (200×). (B) Number of TUNEL-positive cells in the lung tissue. Com-

pared with normal group, *P<0.05; compared with model group, #P<0.05; compared with NC group, %P<0.05; compared with

miR-143-3p mimic group, &P<0.05; compared with miR-143-3p inhibitor group, $P<0.05; compared with TAK-242 group, @P<0.05.

Figure 4. Bax and Bcl-2 mRNA and protein expressions in the lung tissue

(A) Bax and Bcl-2 mRNA expressions, (B) Bax and Bcl-2 protein bands, (C) Bax and Bcl-2 protein expressions. Compared with

normal group, *P<0.05; compared with model group, #P<0.05; compared with NC group, %P<0.05; compared with miR-143-3p

mimic group, &P<0.05; compared with miR-143-3p inhibitor group, $P<0.05; compared with TAK-242 group, @P<0.05.

model mice decreased mRNA and protein expressions of Bcl-2 and increased mRNA and protein expressions of Bax
in the rest groups (all P<0.05).

Compared with mice without treatment, mice with miR-143-3p mimic and TAK-242 treatment had significantly
higher mRNA and protein expressions of Bcl-2 and lower mRNA and protein expressions of Bax, while miR-143-3p
inhibitor treatment induced opposite changes (all P<0.05). TAK-242 could reverse the changes caused by miR-143-3p
inhibitor (all P<0.05).

miR-143-3p inhibited TLR4/MyD88/NF-κB signaling pathway expression
There was a targeted binding site between miR-143-3p and MyD88 through the prediction on the bioinformatics
website (www.targetscan.org), and the target relationship between them was further verified by dual-luciferase re-
porter assay (Figure 5A,B). The results showed that there were no significantly differences in relative dual-luciferase
activity after Wt-MYD88 and Mut-MYD88 were co-transfected with NC mimic, respectively (P>0.05). The relative
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Figure 5. miR-143-3p inhibited the expression of TLR4/MyD88/NF-κB signaling pathway

(A) Sequence of 3′-UTR region in which miR-143-3p bound with MYD88. (B) Dual-luciferase reporter system assay verified the

target relationship between miR-143-3p and MYD88. Compared with NC mimic, �P<0.05. (C) Expressions of miR-143-3p as well

as TLR4, MyD88 and NF-κB p50 mRNA, (D) protein bands of TLR4, MyD88, NF-κB p50 and p-NF-κB p50, (E) protein expressions

of TLR4, MyD88, NF-κB p50 and p-NF-κB p50. Compared with normal group, *P<0.05; compared with model group, #P<0.05;

compared with NC group, %P<0.05; compared with miR-143-3p mimic group, &P<0.05; compared with miR-143-3p inhibitor

group, $P<0.05; compared with TAK-242 group, @P<0.05.

dual-luciferase activity in wt-MYD88 group was significantly decreased as compared with Mut-MYD88 group after
co-transfection with miR-143-3p mimic (P<0.05).

The expressions of related factors in the lung tissue were measured to further define the regulatory relations be-
tween miR-143-3p and TLR4/MyD88/NF-κB signaling pathway (Figure 5C–E). Compared with normal group, model
mice had significantly decreased miR-143-3p expression, increased mRNA and protein expressions of TLR4, MyD88
and p-NF-κB p50, and unaltered NF-κB p50 protein expression (all P<0.05).

Compared with model group, MyD88 and NF-κB expressions significantly decreased in miR-143-3p mimic and
TAK-242 groups, and increased in miR-143-3p inhibitor group; TLR4 mRNA and protein expressions significantly
decreased in TAK-242 and miR-143-3p inhibitor + TAK-242 groups; miR-143-3p increased in miR-143-3p mimic
group and reduced in miR-143-3p inhibitor group and miR-143-3p inhibitor + TAK-242 group (all P<0.05).

Discussion
MP can cause acute bronchitis, community-acquired pneumonia and acute asthma and children and young adults
are susceptible population [20]. There is increasing evidence that MP-induced symptoms of pneumonia are asso-
ciated with pro-inflammatory cytokines’ expressions and the induction of pulmonary fibrosis [21]. MP infection
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can lead to the increase in pro-inflammatory cytokines, TNF-α and chemokine, such as IL-6 and promotes various
leukocytes (mainly neutrophils) aggregation at the infection site, eventually resulting in lung injuries and pulmonary
fibrosis [22]. Lipoproteins and lipopeptides from Mycoplasma species are important in triggering innate immune
responses to the organism, and TLR2 is a molecule that binds to lipoproteins and lipopeptides derived from these
Mycoplasma species. The binding of receptor and ligand leads to the activation of TLR2 signal transduction path-
way and the production of pro-inflammatory cytokines [23]. MP is mainly treated with antibiotics (like doxycycline,
fluoroquinolones or azithromycin), glucocorticoids and intravenous immunoglobulins, which often causes adverse
reactions [23]. Therefore, it is necessary to explore new targets.

miRNA has been reported to target proto-oncogenes, such as Ras, Bcl-2 or c-Myc [24]. Bcl-2 and Bax belong to the
anti-apoptosis Bcl-2 family, which can inhibit caspase-3 activation and play key roles in the regulation of apoptosis
[25]. It is reported that miR-143-3p mediates cytokine-induced killer cell proliferation [26]. miR-143-3p significantly
inhibited the production of IL-1β, IL-6, IL-8, MMP-1 and MMP-13 [27]. Changes in miR-143-3p expression have
been observed in multiple human diseases, such as arthritis [28]. TLRs are important in the innate immune system,
of which TLR4 initiates a series of signal transductions [29]. LPS-induced inflammatory process is mediated by TLR4
[30]. TLR4 recognizes LPS and initiates a series of cascade reactions, including the activation of IRAK by MyD88; sub-
sequently, IRAK4/IRAK1/MyD88 signaling complexes lead to the activation of IKKα, initiating the phosphorylation
degradation of IκB-α and NF-κB [31]. NF-κB, an important regulatory factor of inflammatory diseases, promotes
the transcription of IL-2, IL-10 and TNF-α [32,33]. In a word, TLR4/MyD88/NF-κB signaling pathway is activated
in mice with lung injuries [34].

In the present study, miR-143-3p expression was down-regulated, and the expressions of TLR4, MyD88 and NF-κB
were up-regulated in MP mice with acute lung injury. Administration of TLR4 inhibitor could inhibit MyD88 and
NF-κB expressions, lower IL-2 and TNF-α content, increase IL-10 content, reduce alveolar epithelial cell apoptosis,
decrease Bax expression and increase Bcl-2 expression in MP mice, which was consistent with previous reports. These
results confirmed the treatment effect of target inhibition of TLR4/MyD88/NF-κB signaling pathway on lung injury
in mice.

Via bioinformatics website, we found that miR-143-3p may be the upstream molecule of TLR4/MyD88/NF-κB sig-
naling pathway and the dual-luciferase reporter system assay confirmed that miR-143-3p regulated MyD88 negatively.
In MP model mice, miR-143-3p up-regulation inhibited the release of inflammatory factors and alveolar epithelial
cell apoptosis, while miR-143-3p inhibitor had opposite effects. Moreover, the deterioration caused by miR-143-3p
inhibitor can be reversed by TAK-242, which is the inhibitor of TLR4/MyD88/NF-κB signaling pathway. Therefore,
we determined that miR-143-3p could negatively regulate MyD88/NF-κB signaling pathway expression in a targeted
way, thereby inhibiting the abnormal inflammation and reducing the apoptosis of alveolar epithelial cells induced by
mycoplasmal pneumonia in mice.

Through the above studies, we confirmed miR-143-3p could improve mycoplasmal pneumonia by inhibiting in-
flammation response and cell apoptosis of alveolar epithelial cells in mice, and the mechanism may be that miR-143-3p
can negatively regulate MyD88 expression in a targeted way, thus to negatively regulate TLR4/MyD88/NF-κB signal-
ing pathway. It is noteworthy that in the present study, all indexes in miR-143-3p inhibitor + TAK-242 group recovered
significantly, but not to the levels of TAK-242 group. Therefore, we speculate that another target site of miR-143-3p
regulates mycoplasmal pneumonia, which has not been confirmed yet.
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cleotidyl transferase-mediated dUTP-biotin nick end labeling; TLR , Toll-like receptor; TNF, tumor necrosis factor.
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