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Synovial and pulmonary dysfunctions are induced by crosstalk of Smad and Erk pathways 
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Abstract: In the current experiment, the effects of transforming growth factor (TGF)-β1/Smad and ERK pathway crosstalk on synovial and pulmonary systems 
during rheumatoid arthritis have been investigated. For this purpose, rats were divided into normal control (NC) and model control (MC) groups. In the MC group, 
0.1 ml Freund’s complete adjuvant was injected intradermally into the right hind paw, and the resulting inflammation represented a rheumatoid arthritis model. Joint 
swelling and changes in lung functions were observed in arthritic rats. Synovial and lung were observed by light and electron microscopies. Enzyme-linked immu-
nosorbent assays were used to detect TGF-β1, interleukin (IL)-1β, IL-4, IL-10, interferon-γ (IFN-γ), connective tissue growth factor (CTGF), and fibroblast growth 
factor (FGF). PCR, immunohistochemistry, and immunoblotting were used to detect changes in Smad and ERK pathways of synovial and lung tissues. Compared 
with the NC group, toe swelling was elevated in the MC group. Pulmonary functions FEV1, FEF50, FEF75, MMF, and PEF were decreased (P< 0.01). Serum 
cytokines IL-1β, IL-4, TGF-β1, and CTGF were increased, while IFN-γ, IL-10, Th1/Th2 cell ratio, and FGF were decreased (P< 0.01 or P< 0.05). Expression of 
TGF-β1 and Smad2/3/4 mRNAs and TGF-β1, TβRI, TβRII, Smad2/3, p-Smad2/3, and Smad4 proteins in the synovial membrane and lung tissue were increased, 
and expression of Smad7 mRNA and protein was decreased (P<0.01) or P<0.05). Expression of ERK2 mRNA and p-ERK1/2 protein was increased in the synovial 
membrane and lung tissue, and expression of ERK1/2 mRNAs and ERK1/2 and p-ERK1/2 proteins was increased in lung tissue (P< 0.01 or P< 0.05). Correlation 
analysis showed that FEV1 was negatively correlated with TGF-β1 mRNA and protein in arthritic rats, FEF25 was negatively correlated with Smad4 protein, and 
FEF50 was negatively correlated with the TβRII protein, and FEF75, TGF-β1 and Smad3 mRNAs. There was a negative correlation between Smad2/3 protein 
and a negative correlation between PEF and TGF-β1 protein (P< 0.05). FEF50 and MMF were positively correlated with Smad7 mRNA (P< 0.05). FEV1 was 
negatively correlated with ERK2 mRNA, and FEF25 was negatively correlated with p-ERK1/2 protein. FEF75 and MMF were negatively correlated with ERK1/2 
and p-ERK1/2, respectively (P< 0.05). ERK1 mRNA was positively correlated with Smad3 mRNA and TβRII protein, ERK2 mRNA was positively correlated with 
p-Smad2/3, and ERK1/2 protein was positively correlated with Smad2 mRNA, Smad4 protein, p-ERK1/2 protein, Smad4 mRNA, and p-Smad2/3 protein (P< 0.05). 
p-ERK1/2 protein was negatively correlated with Smad7 protein (P< 0.05). It is concluded that arthritic rats have synovial and systemic pulmonary damage. Smad 
and ERK pathway crosstalk leads to systemic lesions. Smad and ERK pathways are gradually activated by phosphorylation under the induction of the TGF-β1 
promoter, and then participate in transcriptional activities, leading to the increase in synovial inflammation of arthritis, pulmonary lesions, and decreases in lung 
functions.
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Introduction

Rheumatoid arthritis (RA) can cause damage to arti-
cular cartilage and bone. The basic pathological mani-
festations of RA are synovitis and vasculitis. RA lesions 
occur in joints as well as other tissues and organs. Be-
cause lungs are rich in connective tissue and blood ves-
sels, lung tissue is more likely to be affected and secon-
dary to lung lesions. RA lung lesions include pulmonary 
interstitial fibrosis, pleurisy, pulmonary vasculitis, and 
pulmonary hypertension (1-5). Studies have found that 
the incidence of lung involvement in RA patients with 
disease duration of more than 8 years is as high as 50% 
(6-9). About 70.5% of patients with RA lung lesions 
have pulmonary interstitial lesions, causing pulmonary 
interstitial fibrosis (10-11). RA pulmonary interstitial 
fibrotic lesions are characterized by a sudden onset, 

rapid progression, and high mortality, which seriously 
affect the quality of life of RA patients. The early stage 
of RA pulmonary interstitial fibrosis changes to alveo-
litis that can progress to interstitial fibroblast prolifera-
tion, massive extracellular matrix deposition, coughing, 
wheezing, shortness of breath, chest tightness, and other 
difficulties in breathing. However, the early clinical 
manifestations of RA lung lesions are mild or atypical, 
and imaging indicators such as X-ray and CT often show 
no significant changes. Pulmonary function changes are 
advanced in the clinical manifestations of the respiratory 
system and chest imaging abnormalities (12-13). The-
refore, because of the early or no atypical symptoms of 
RA lung disease, diagnosis is easily missed. Thus, it is 
necessary to systematically and deeply study the detri-
mental changes in lung functions of RA. A previous stu-
dy has found that pulmonary function parameters FVC, 



16

Synovial and pulmonary dysfunctions in arthritis.

Cell Mol Biol (Noisy le Grand) 2020 | Volume 66 | Issue 2

Wan Lei et al.

FEV1, MVV, FEF25, FEF50, FEF75, VC and PEF are 
significantly low in active RA patients (14). Therefore, it 
is of great importance to study RA lung lesions by obser-
ving changes in lung functions of patients.

Materials and Methods

Animals
Specific pathogen-free male Wistar rats were obtai-

ned from the Experimental Animal Center of Anhui Pro-
vince (license number: SYXK (wan) 2005-02). Standard 
clean animal house. Freund’s complete adjuvant (FCA) 
was prepared from Sigma (United States). Interleukin 
(IL)-1β, IFN-γ, IL-4, IL-10, and TGF-β1 ELISA Kits 
were purchased from R&D (United States). A Trizol kit 
was purchased from Invitrogen (United States). Rabbit 
anti-TGF-β1, -Smad, and -ERK antibodies were pur-
chased from Bioworld Biotechnology (United States).

Model establishment 
Rats were divided into normal control (NC) and mo-

del control (MC) groups MC group rats were injected 
with 0.1 ml FFA into the right hind paw to cause inflam-
mation and establish the RA model.

Observation of main indicators

Pulmonary function test
Pulmonary function parameters included forced vital 

capacity (FVC), first-second forced expiratory volume 
(FEV1), the maximum expiratory flow of 25% of vital 
capacity (FEF25), the maximum expiratory flow of 50% 
of vital capacity (FEF25), 75% of vital capacity, the 
maximum expiratory flow (FEF75), the maximum expi-
ratory mid-flow (MMF), and the maximum expiratory 
flow (PEF). A software analysis system was used for 
data acquisition, real-time analysis and control, curve 
dynamic display, trend graphing, lung function parame-
ter data conversion, and storage.

Detection of serum IL-1β and other cytokines by ELI-
SAs

Serum IL-1β, IFN-γ, IL-4, IL-10, TGF-β1, CTGF, 
and FGF were determined by ELISAs, according to the 
ELISA Kit protocols. The ratio of IFN-γ to IL-4 indica-
ted that of Th1 to Th2 cells (15-20).

Detection of TGF-β/Smad and ERK mRNAs in syno-
vial and lung tissues by RT-PCR

According to the gene sequences in GenBank, 
TGF-β1 (NM-021578), Smad2 (NM-019191), Smad3 
(NM-013095), Smad4 (NM-019275), Smad7 (NM-
030858), ERK1 (M61177), ERK2 (M64300), and inter-
nal reference GAPDH (NM 017008) primers were desi-
gned using Primer Premier 5.0 software. Primers were 
as following: TGF-β1 F primer 5’- CTA ACA CGA 
ACC TTT CCT ACG GAG ACC-3’, R primer 5’- GCT 
TGA GTT GTA CGA GAT CCT CGA C-3’.Smad2 F 
primer5’- AGC CCG ACG GTA GAG GTA GGA AC 
-3’, R primer 5’- ACT GGC CGA GTG TAT GCC ATG 
AT-3’.Smad3 F primer5’- GAA GTC CTG GGA ACT 
GCG TAG CT -3’, R primer 5’- CTC CTG AAG GGT 
TTA CAG CTT CA -3’. Smad4 F primer5’- CAG GTG 
GCT GGT CGG AAA GGA AT-3’, R primer 5’- TGG 

TGG AGA GGC ATA TTA GGA GA -3’.Smad7 F pri-
mer5’- CCG AGC AGG CGT CCG TAC ATA GT-3’, R 
primer 5’- ACT ATG GCA GCG GGA GAC AGG TG-
3’.ERK1  F primer 5’-TTT TCG CAT ATC TCA CTC 
CAT AGC-3’, R primer 5’-ATC AGC TGC TAC AGC 
CGT ACC TT-3’.ERK2  F primer 5’-TGC ACC GTG 
ACC TCA AGC CTT CC-3’, R primer 5’-CAG AGC 
CTC TTC ATC ATC AAT CG-3’. GAPDH F primer5’-
TCC ACG TCC CTG TTG CAC TAG-3’, R primer 5’-
CGA CAG ACG ATG CGA TCAC T-3’.Annealing tem-
perature: TGF-β1 65 ℃, Smad2 60 ℃, Smad3 55 ℃, 
Smad4 60 ℃, Smad7 65 ℃, ERK1 65℃, ERK2  58℃, 
GAPDH 60 ℃; PCR cycle from the second step cycle 
30 to 35 cycles. According to the RT-PCR experimental 
procedure, changes in TGF-β1, Smad2, Smad3, Smad4, 
Smad7, ERK1, and ERK2 mRNA were observed in the 
synovial membrane and lung tissue, and the ratio to the 
internal reference GAPDH was applied to determine the 
relative expression.

Western blotting of TGF-β/Smad and ERK pathway-
associated proteins in synovial and lung tissues

After extraction of total protein from the synovial 
membrane and lung tissue, changes in each protein were 
detected by immunoblotting. The X-ray film was pho-
tographed by a scanner. Protein bands were analyzed 
by Band Scan software to calculate the gray value. 
The ratio of the gray values to the β-actin gray value 
as the internal reference was used to determine relative 
expression levels of TβRI, TβRII, Smad2/3, p-Smad2/3, 
Smad4, Smad7, ERK1/2, and p-ERK1/2 proteins.

Statistics 
The SPSS 18.0 software package was used for sta-

tistical analyses. The experimental data were expressed. 
Datasets were tested for normality. The t-test was used 
for comparison between groups. Correlations were de-
termined by Spearman's analysis. The level of signifi-
cance was P< 0.05.

Results

Joint swelling and changes in lung functions
At 6–8 hours after adjuvant injection, the right hind 

toes of the MC group showed redness and swelling, and 
the skin was tight and had local thermal sensation. At 
2–3 days, swelling of the toes was aggravated. At 6–7 
days, the toe was partially ulcerated. Compared with the 
NC group, swelling of the toes in the MC group was 
increased significantly and pulmonary function parame-
ters FEV1, FEF50, FEF75, MMF, and PEF were signifi-
cantly lower, P< 0.01 (Figure 1 and Table1).

Joint and lung pathologies
Articular observations revealed that the synovial 

Figure 1. Changes of Joint swelling in Rats. A: MC group B: NC 
Group.
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Synovial and lung ultrastructural observations
Ultrastructural observations of the synovial mem-

brane indicated that the NC group had no deformation or 
swelling of mitochondria, rich endoplasmic reticulum, a 
clear nuclear membrane boundary, uniform chromatin 
distribution, and regular arrangement of condyles. Sy-
novial cells of the MC group were deformed and swol-
len, mitochondria are swollen and destroyed, the rough 
endoplasmic reticulum was reduced, the nuclear mem-
brane was incomplete and the boundary was unclear, 
and chromatin was unevenly distributed.

Ultrastructural observations of type II alveolar cells 
showed no significant abnormalities in the NC group. 
The cell membrane boundary of type II alveolar cells 
in the MC group was unclear. Microvilli of cells were 
reduced, the basement membrane of the pulmonary 
capillaries was edematous, and nuclei were irregular or 
condensed. The nuclear chromatin edge was aggrega-
ted, and the lamellar body was reduced and evacuated. 
Mitochondria in the cytoplasm were obviously swollen, 
and alveolar septal fibroblasts had proliferated in indi-
vidual lung tissues together with collagen fibers occa-
sionally. The ultrastructural changes of type II alveolar 
cells suggested that pulmonary interstitial fibrosis was 
secondary in the arthritis model (Figure 4-5).

Changes in cytokines, growth factors, and Th cells 
Compared with the NC group, cytokines IL-1β and 

IL-4 were increased significantly, cytokines IFN-γ and 
IL-10 were decreased, and the Th1/Th2 cell ratio was 

tissue of rats in the NC group was clear, the synovial 
membrane was free of hypertrophy and protrusion, and 
there was no inflammatory cell infiltration. Synovial 
cells had clear boundaries and less stratification (one 
to two layers). The articular surface was flat and intact, 
and the articular cartilage, subchondral bone, and peri-
pheral tendon were structurally intact. In the MC group, 
a large amount of inflammatory cell infiltration was ob-
served in the joint synovium, which was mostly eosino-
phils and neutrophils. Increased synovial blood vessels, 
synovial tissue hyperplasia, and villous processes were 
observed, and part of the synovial tissue was embedded 
in the joint cavity. The lining of synovial cells was in-
creased (4–5 layers) and had thickened. The articular 
surface was blurred, the surface of the articular cartilage 
was exfoliated or absent, and some articular cartilage 
was observed to form vasospasm.

Observations of lung tissue showed that the lung tis-
sue structure of the NC group was clear, the structure 
of the alveoli was regular, and no obvious pathological 
changes were observed. In the MC group, the alveolar 
structure of the lung tissue was irregular, the alveolar 
space was atrophied or disappeared, and some of the 
lungs were had changed substantially. The lung interval 
had widened and a large number of inflammatory cells 
had infiltrated into the interstitium. The inflammatory 
cells were mainly neutrophils, and lymphoid were rare. 
Cells, mononuclear macrophages, and alveolar epithe-
lial cells had proliferated, and fibroblasts had prolifera-
ted occasionally (Figures 2-3).

Group
lung function parameters

FVC FEV1 FEF25 FEF50 FEF75 MMF PEF
NC 6.09±2.04 68.6±16.38 45.2±26.21 39.4±16.84 37.8±15.87 39.2±15.74 39.5±14.85
MC 5.37±1.70 55.7±15.76∆∆ 40.7±18.85 27.0±13.07∆∆ 20.3±12.31∆∆ 28.5±17.96∆∆ 29.6±12.57∆∆

Table 1. Changes in lung function (n=10, sx± ).

Note: ∆P < 0.05, ∆∆P < 0.01, vs NC.FEF25, FEF50, The lung function parameter FVC unit is ml, FEV1, FEF75, MMF, PEF unit is ml/s.

Figure 2. Observation of rat synovial membrane under a light mi-
croscope. Note: A to B are MC group and NC group respectively; 
A1 to B1 are ×200, and A2 to B2 are ×400.

Figure 3. Observation of lung tissue in each group of rats under a 
light microscope. Note: A to B are MC group and NC group respec-
tively; A1 to B1 are ×200, and A2 to B2 are ×400.

Figure 4. Synovial tissue of rats in each group under an electron 
microscope. Note: A~B was the ultrastructure of synovial cells in 
the NC group, MC group (×5,000).

Figure 5. Observation of lung tissue in each group of rats under 
electron microscope.A~B is the ultrastructure of type II alveolar 
epithelial cells in the NC group and MC group (×5,000).

Group IL-1β IL-4 IFN-γ IL-10 Th1/Th2
NC 32.1±9.46 30.5±13.14 69.9±11.65 106.8±21.24 1.66±0.72
MC 82.5±23.78∆∆ 44.8±17.72 31.2±7.45∆∆ 51.8±16.42∆∆ 0.47±0.19∆∆

Table 2. Comparison of serum inflammatory cytokines and Th1/Th2 cells ( sx± , pg/ml)

Note: ∆P < 0.05, ∆∆P < 0.01, vs NC.
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decreased in the MC group, P< 0.05 or P< 0.01. In addi-
tion, compared with the NC group, the expression of 
TGF-β1 and CTGF was increased, and FGF was de-
creased in the MC group, P< 0.01 (Tables 2-3).

Changes in TGF-β1 and Smad mRNA expression of 
synovial and pulmonary tissues

RT-PCR showed that the expression of TGF-β1, 
Smad2, Smad3, and Smad4 mRNAs in the synovium of 
the MC group was higher than that in the NC group. 
Expression of Smad7 mRNA was decreased, P< 0.05 or 
P< 0.01, and that of TGF-β1, Smad2, Smad3 and Smad4 
mRNAs was increased in lung tissue of the MC group. 
See Table 4-5.

Changes in ERK1/2 mRNA expression of synovial 
and lung tissues

Compared with the NC group, the expression of 
ERK1/2 mRNA was increased in the synovial mem-
brane and expression of ERK1/2 mRNAs was increased 
in lung tissue of the MC group, P< 0.01 or P< 0.05 
(Table 6).

Expression of TGF-β1 and Smad proteins in syno-
vial and pulmonary tissues

Immunoblotting showed that the levels of TGF-β1, 
TβRI, TβRII, Smad2/3, p-Smad2/3, and Smad4 were 
higher and the Smad7 protein level was lower in the MC 
group than in the NC group, P< 0.05 or P< 0.01(Figure 
6).

Changes of ERK1/2 and p-ERK1/2 proteins in the 
synovial membrane and lung tissue

Compared with the NC group, p-ERK1/2 proteins 
were significantly increased in the synovial membrane, 
P< 0.01, and lung tissue of the MC group, P< 0.05 or 

Group TGF-β1 CTGF FGF
N C 156.2±32.47 78.9±14.17 35.6±11.36
M C 192.4±46.38 ∆∆ 96.7±32.54 ∆ 25.1±22.43 ∆

Table 3. Comparison of growth cytokines in serum (n=10, sx± , pg/ml).

Note: ∆P < 0.05, ∆∆P < 0.01, vs NC.

Group TGF-β1 Smad2 Smad3 Smad4 Smad7
N C 0.53±0.27 0.52±0.17 0.46±0.1 6 0.31±0.15 0.67±0.28
M C 0.81±0.19∆∆ 0.63±0.24∆ 0.62±0.21∆∆ 0.43±0.14∆ 0.39±0.19∆∆

Table 4. Comparison of TGF-β1/Smad mRNA in synovial tissue (n=8, sx± ).

Note: ∆P < 0.05, ∆∆P < 0.01, vs NC.

Group TGF-β1 Smad2 Smad3 Smad4 Smad7
N C 0.41±0.18 0.48±0.17 0.78±0.26 0.31±0.18 0.60±0.17
M C 0.58±0.13∆ 0.61±0.24∆ 1.01±0.34∆ 0.42±0.15∆ 0.50±0.24∆

Table 5. Expression of TGF-β1/Smad mRNA in lung tissue (n=8, sx± ).

Note: ∆P < 0.05, ∆∆P < 0.01, vs NC.

Figure 7. Changes of ERK1/2 protein in rat synovial and lung tis-
sues. A is the ERK1/2 structure. Lanes 1~2 are NC group and MC 
group.

Group
synovial lung

ERK1 ERK2 ERK1 ERK2
N C 0.47±0.13 0.62±0.18 0.43±0.16 0.59±0.16
M C 0.51±0.17 1.08±0.27∆∆ 0.52±0.12∆ 1.12±0.27∆∆

Table 6. Changes of ERK1 and ERK2 mRNA in synovial membrane and lung tissue (n=8, sx± ).

Note: ∆P < 0.05, ∆∆P < 0.01, vs NC.

Figure 6. Changes of TGF-β1/Smads protein in rat synovial and 
lung tissues. A and B are Smads and TGF-β1 receptor structures. 
Lanes 1~2 are NC group and MC group.
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P<0.01 (Figure 7).

Correlation analysis
Correlation analysis between arterial lung function 

parameters and TGF-β1/Smads showed that FEF75 was 
negatively correlated with TGF-β1 and Smad3 mRNAs. 
FEV1 was negatively correlated with TGF-β1 mRNA, 
ERK2 mRNA, and TGF-β1 protein. FEF25 was nega-
tively correlated with Smad4 and p-ERK1/2 proteins. 
FEF50 was negatively correlated with TβRII protein. 
There was a negative correlation between FEF75 and 
TβRI, Smad2/3, p-Smad2/3, and ERK1/2 proteins, P< 
0.05. MMF was negatively correlated with Smad2/3 
and p-ERK1/2 proteins, P< 0.05. There was a negative 
correlation between PEF and TGF-β1 protein, P <0.05. 
FEF50 was positively correlated with Smad7 mRNA, 
and MMF was positively correlated with Smad7 pro-
tein, P< 0.05.

Correlation analysis between TGF-β1/Smads and 
ERK1/2 showed that ERK1 mRNA was positively cor-
related with Smad3 mRNA and TβRII protein, P< 0.05. 
ERK2 mRNA was positively correlated with p-Smad2/3, 
P< 0.05. ERK1/2 protein was positively correlated with 
Smad2 mRNA and Smad4 protein, P< 0.05. p-ERK1/2 
proteins were positively correlated with Smad4 mRNA 
and p-Smad2/3 proteins, P< 0.05. p-ERK1/2 was nega-
tively correlated with Smad7 protein, P< 0.05 (Tables 
7-8).

Discussion

RA is an autoimmune disease described by joint le-
sions, which can affect multiple organs (21-22). Moreo-
ver, through the blood flow and internal environment, 
lungs can detrimentally affect the whole body because 
of the deterioration of the internal environment, resul-

index FVC FEV1 FEF25 FEF50 FEF75 MMF PEF 
mRNA
TGF-β1 -0.145 -0.395* -0.089 -0.301 -0.383* -0.217 0.174
Smad2 -0.015 -0.214 -0.047 -0.278 -0.103 -0.267 0.115
Smad3 0.045 -0.156 -0.217 -0.185 -0.421* -0.164 0.086
Smad4 -0.154 -0.405* 0.174 -0.242 -0.264 -0.265 -0.145
Smad7 0.186 0.097 0.135 0.433* 0.143 -0.067 0.412*
ERK1 -0.105 -0.019 -0.154 -0.078 -0.313 -0.201 0.007
ERK2 -0.187 -0.405* 0.074 -0.232 -0.095 -0.185 -0.283
protein
TGF-β1 -0.117 -0.396* 0.106 0.064 -0.266 -0.201 -0.391*
TβRI 0.074 -0.145 -0.095 -0.226 -0.406* -0.184 0.067
TβRⅡ -0.096 -0.224 0.083 -0.405* -0.165 0.066 -0.195
Smad2/3 -0.135 0.033 0.124 -0.213 -0.445* -0.442* -0.209
p-Smad2/3 -0.168 -0.245 0.036 -0.069 -0.399* -0.118 -0.206
Smad4 0.039 -0.051 -0.397* -0.296 -0.059 -0.247 -0.163
Smad7 0.108 0.186 0.258 0.217 0.024 0.407* 0.105
ERK1/2 -0.057 -0.305 0.006 0.064 -0.466* -0.301 -0.091
p-ERK1/2 0.274 -0.045 -0.395* -0.154 -0.168 -0.439* 0.084

Table 7. Relationship between lung function and TGF-β1/Smads pathway in lung tissue.

Note: The abscissa is associated with the ordinate index, * P < 0.05.

index
mRNA protein

ERK1 ERK2 ERK1/2 p-ERK1/2
Smads mRNA TGF-β1 0.165 -0.061 -0.089 0.304

Smad2 -0.003 0.272 0.397* 0.272
Smad3 0.398* 0.308 0.277 0.184
Smad4 0.157 -0.106 0.174 0.414*
Smad7 -0.162 0.097 -0.135 -0.239

Smads protein TGF-β1 0.217 0.196 0.176 0.064
TβRI -0.007 0.245 0.109 0.388 *
TβRⅡ 0.386* -0.184 0.009 -0.247

Smad2/3 0.065 0.066 0.024 0.207
p-Smad2/3 0.311 0.442* 0.036 0.409*

Smad4 0.033 -0.052 0.397* 0.275
Smad7 -0.169 -0.061 0.158 -0.423*

Table 8. Relationship between Smads and ERK pathways in lung tissue (r).

Note: The abscissa is associated with the ordinate index, * P < 0.05.
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ting in changes in the respiratory system. RA lung le-
sions can lead to interstitial lung disease, rheumatoid 
nodules, and pleural hypertrophy (23-24). The early cli-
nical manifestations of RA lung damage are generally 
non-specific, and lung functions decline earlier than 
clinical symptoms and lung CT changes (25-26). The 
pulmonary dysfunction rate in RA patients was 48.6% 
in patients with decreased lung functions (27).

Based on the abovementioned characteristics of 
RA lung function changes, lung function changes were 
observed in RA model rats (28-30). According to the 
results of this study, the toe swelling was elevated in the 
MC group, while pulmonary functions such as FEV1, 
FEF50, FEF75, MMF, and PEF were decreased. This 
indicates that rats' lung function changes at the same 
time as joint inflammation occurs in RA.Therefore, by 
observing the lung functions of the arthritis model, the 
characteristics of RA lung lesions were simulated. The 
results of this study found Ultrastructural observations 
of type II alveolar cells in RA rats by electron microsco-
py showed changes. Therefore, the pulmonary inflam-
matory response of RA rats directly led to damage to 
the lung tissue, resulting in decreases in lung functions. 
The changes in RA cytokines and growth factors in this 
study indicated that the decrease in lung functions of 
RA rats may be related to an imbalance of inflamma-
tory cytokine and growth factor expression. When the 
inflammatory cytokine IL-1β was increased in RA rats, 
it inhibited the secretion of anti-inflammatory cyto-
kines, resulting in decreased expression of IL-10 and 
increased inflammatory response, leading to damage 
of lung tissue. Th1 and Th2 cells secrete different cyto-
kines. When the Th1/Th2 cell ratio is imbalanced, Th1 
cell predominance leads to excessive secretion of IL-4, 
while Th2 cells secrete IFN-γ, which leads to pulmo-
nary interstitial fibrosis. In this study, a decrease in lung 
functions occurred and the expression of growth factors 
TGF-β1, CTGF, and FGF became disordered, which 
aggravated pulmonary fibrosis, and the lung functions 
of RA rats were decreased further.

Correlation analysis showed that FEV1 was nega-
tively correlated with TGF-β1 mRNA and protein in 
arthritic rats, FEF25 was negatively correlated with 
Smad4 protein, and FEF50 was negatively correlated 
with the TβRII protein. There was a negative correla-
tion between Smad2/3 protein and a negative corre-
lation between PEF and TGF-β1 protein. FEF50 and 
MMF were positively correlated with Smad7 mRNA. 
FEV1 was negatively correlated with ERK2 mRNA, 
and FEF25 was negatively correlated with p-ERK1/2 
protein. FEF75 and MMF were negatively correlated 
with ERK1/2 and p-ERK1/2, respectively.Analysis of 
the correlations between lung functions and the Smad 
pathway in the arthritis model suggested that activa-
tion of the TGF-β1/Smad pathway decreased RA lung 
functions. Based on the correlation results, the Smad 
pathway bound to TβRI through the TGF-β1 promo-
ter, thereby phosphorylating TβRI and forming a trimer 
complex. The complex further phosphorylated Smad2/3 
and activated Smad2/3 bound to to the TGF-β1 recep-
tor trimer, and under the assistance of Smad4, entered 
the nucleus and participated in transcriptional activities, 
leading to the occurrence of pulmonary interstitial fibro-
sis and resulting in a decrease in lung functions (31-32). 

The pulmonary function parameter FEV1 was associa-
ted with ERK, and activation of the ERK1/2 signaling 
pathway also decreased lung functions in RA rats. After 
phosphorylation, ERKl/2 promotes cell proliferation 
and differentiation. Correlation analysis showed that 
ERK1 mRNA was positively correlated with Smad3 
mRNA and TβRII protein, ERK2 mRNA was positi-
vely correlated with p-Smad2/3, and ERK1/2 protein 
was positively correlated with Smad2 mRNA, Smad4 
protein. When the ERK pathway is activated, ERK1/2 
translocates from the cytoplasm into the nucleus, trans-
ducing the signal from the membrane surface receptor 
(33-35). ERK1/2 then binds to transcription factors, 
such as calnexin and cytoskeletal proteins, in the nu-
cleus to induce epithelial-to-mesenchymal transition in 
the cells, which converts lung fibroblasts into myofibro-
blasts, eventually leading to a decrease in lung functions 
during arthritis.This study found that the mRNA expres-
sion of ERK1 and ERK2 in lung tissue was increased 
when lung function parameters were decreased in the 
arthritis model. Protein expression of ERK1/2 and p-
ERK1/2 was also elevated in lung tissue. These obser-
vations indicated that the reduction of lung functions in 
the arthritis model was closely related to the activation 
of the ERK1/2 pathway. Similar to the Smad pathway, 
the ERK1/2 pathway also bound to transcription factors 
in the nucleus to exert biological effects, leading to the 
occurrence of pulmonary interstitial fibrosis (36).

 Correlation analysis of TGF-β1/Smad and ERK1/2 
pathways in lung tissue of the arthritis model showed 
that decreased lung functions may be related to their 
activation. Therefore, crosstalk of Smad and ERK1/2 
pathways may have resulted in the decreased lung func-
tions of the arthritis model. This study found that, when 
the lung functions of the arthritis model were reduced, 
expression of ERK1/2 genes was increased in the lungs 
and synovium, and protein expression of ERK1/2 and 
p-ERK1/2 was also increased, thereby verifying the RA 
rats. Therefore, decreased lung functions may be asso-
ciated with the activation of ERK1/2.
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