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Fig. 2. H,0, pre-treatment modulated intracellular ROS levels and Th17/Treg polarization in CD4" T cells. (A) Cellular
activity was assessed using the CCKS8 assay. (B) ROS levels were measured using ELISA. (C) The intracellular levels of
ROS were measured in differentiated Th17 cells. (D) The proportion of Th17 cell differentiation in T cells was deter-
mined. (E) The intracellular levels of ROS were measured in differentiated Treg cells. (F) The proportion of Treg cell
differentiation in T cells was determined. P < 0.05 vs Control/Th17/Treg.

Discussion

CPP is an extremely rare subtype of community-ac-
quired pneumonia (Jin et al., 2023). Due to the difficul-
ties in clinical diagnosis of CPP (Duan et al., 2022) and
the absence of a CCP human vaccine (He et al., 2022),
more research is now shifting towards novel therapies
for CPP. Recent studies have revealed an imbalance in
IL-17 and IL-10 secretion and dysregulation in the
Th17/Treg ratio in patients with CPP (Li et al., 2019).
ROS have been shown to stimulate Th17 cell activation
(Li et al., 2017), while NLRP3/caspase-1 have been

demonstrated to disrupt the Th17/Treg balance (Leng et
al., 2023). The stimulation of ROS activated the NLRP3
inflammasome during nicotine-induced endothelial cell
pyroptosis. Subsequently, the levels of caspase-1 and
IL-1p were increased (Wu et al., 2018). However, there
have been no published reports on the specific effects of
ROS and NLRP3 on the differentiation ratio of Th17/
Treg in CPP. In this study, we found that the ROS could
partially restore the dysregulated Th17/Treg ratio in pa-
tients with CPP, possibly through the NLRP3/caspase-1/
IL-1pB pathway.



80 R. Jiang et al. Vol. 70
A mm Control B mm Th17
0.8~ ™= H0, 0.6 ™ Th17+H0p
*
06 * .
o ©
® *
c
© 0.2 o
> o 0.0 R ov 0.0-
006“ X NLRP3  IL-1B caspase-1 N (\X‘q’ NLRP3 IL-1B caspase-1
C &
mm Treg
mm Treg+H,0,
05— 9 2*2
——
IL-1B £ .
© 0.3 *
(<o}
B-actin & o
v A4
@9
<& 0.0
NLRP3 IL-1B caspase-1

Fig. 3. H,0, increased the levels of NLRP3/IL-1B/caspase-1in CD4" T cells. (A) The protein expression levels of NLRP3/
IL-1B/caspase-1 in CD4" T cells were detected by WB. (B) NLRP3/IL-1f/caspase-1 levels in Thl7-differentiated cells
were detected by WB. (C) NLRP3/IL-1B/caspase-1 levels in Treg-differentiated cells were detected by WB. P < 0.05 vs

Control/Th17/Treg.

Once diagnosed with chlamydia infection, both the
innate and acquired immune systems play vital roles in
combating the bacteria (Radomski et al.,2019). Research
demonstrated that blocking ROS could restore the
growth of Chlamydia pneumoniae in macrophages dur-
ing moderate infection (Martinez and Gordon, 2014;
Rajaram and Nelson, 2015). IL-17/Th17 plays a crucial
role in preventing CPP infection by promoting the Th1
immune response through the coordination of the den-
dritic cell phenotype and function (Li et al., 2023).
Immunometabolism studies indicated that mitochon-
dria-derived ROS served as signalling molecules that
contributed to the T-cell fate and function (Chavez and
Tse, 2021). Driven by ROS, the production of IL-17 is
stimulated, subsequently provoking CD4" T cells to
transition into a Th17 phenotype (Lopez Krol et al.,
2022). In certain autoimmune diseases, decreased levels
of ROS have been demonstrated to facilitate the recruit-
ment of Treg cells (Zhang et al., 2022). In our study, we
identified an elevated accumulation of ROS in the pe-
ripheral blood of CPP patients. The elevation of ROS
induces the shift of CD4* T cells towards the Th17 phe-
notype while concurrently diminishing the number of
CD4" T cells polarizing towards the Treg phenotype.
The levels of IL-17 and IL-10 in the serum of CPP pa-
tients also supported this point. Additionally, we ob-
served a correlation between the ROS levels and Th17
polarization in CD4" T cells of CPP patients, as well as

a negative correlation with Treg polarization. The tissue
or cellular dysfunction caused by CP infection was
closely associated with host-cell oxidative stress (Chen
et al., 2023). Compared to healthy individuals, the al-
terations in oxidative markers in CPP patients indicated
that CD4" T cells were under severe oxidative stress,
which could exacerbate inflammatory responses and
cellular tissue damage (Tosic-Pajic et al., 2017). Oxi-
dative stress has been found to deplete Treg cells in
various diseases, including systemic lupus erythemato-
sus and antiphospholipid syndrome (Yang et al., 2016).
In chronic inflammatory disorders such as psoriasis,
oxidative stress leads to an increase in ROS levels,
which further contributes to the proliferation of Th17
cells (Lai et al., 2018). Next, we treated the isolated
CD4" T cells with H,O, to simulate the oxidative stress
environment present in the bodies of CPP patients.
Indeed, it has been demonstrated that under oxidative
stress conditions, there is an increased accumulation of
ROS in CD4* T cells, thereby driving an increase in
Th17 differentiation and inhibiting Treg polarization in
CD4" T cells.

Oxidative stress refers to an imbalance between the
production of ROS and the protective activity of endog-
enous antioxidant defence systems (Kastner et al.,
2015). The production of intracellular ROS activated
the NLRP3/caspase-1 signalling pathway and increased
the expression of IL-1PB, leading to cell pyroptosis
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Fig. 4. After inhibiting NLRP3, the imbalance between Th17 and Treg cells, induced by H,O, in CPP patients, was par-
tially rectified. (A) The expression levels of intracellular NLRP3, IL-1p, and caspase-1 were detected using Western blot.
(B) The accumulation of intracellular ROS was measured using ELISA. (C) Cell viability was assessed using the CCK8
assay. (D) LDH activity was measured using ELISA. (E) The proportion of Th17 differentiation was detected using flow
cytometry. (F) The proportion of Treg differentiation was detected using flow cytometry. P < 0.05 vs H,O,+si-NC/
H,0,+si-NC+Th17/ H,O,+si-NC+Treg.
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(Wang et al., 2022). In Parkinson’s disease, inhibition of
NLRP3 reduced IL-1p and caspase-1 (Khairnar et al.,
2022). In the process of CPP infection, the increase of
NLRP3 aided in the rapid clearance of CP (Li et al.,
2021). Indeed, multiple studies indicated that NLRP3
could disrupt the balance between Th17 and Treg cells
(Xu et al., 2020; Bai et al., 2022; Leng et al., 2023).
Specifically, this disruption was characterized by a de-
crease in the Th17 phenotype and an increase in the Treg
phenotype. Under oxidative stress conditions, the expres-
sion of NLRP3, IL-1f, and caspase-1 was up-regulated
in CD4* T cells of CPP patients. When CD4" T cells
were inhibited for NLRP3, the expression of IL-1f and
caspase-1 decreased, while the expression of ROS re-
mained unchanged. This indicates that ROS might be
the upstream regulatory factor of NLRP3, while IL-1f
and caspase-1 are regulated by NLRP3. On the other
hand, after inhibiting NLRP3, CD4* T-cell activity in
CPP patients partially recovered, resulting in reduced
inflammatory responses. The disrupted balance between
Th17 and Treg in CD4" T cells was somewhat restored.

Due to the limitations in time and sample collection,
our study results are at an early stage. In the future, we
plan to continue to collect CPP clinical samples from
various sources, delve deeper into the relevant influenc-
ing factors and mechanisms, identify more direct thera-
peutic targets for CPP, and further validate our findings
through animal experiments.

Conclusion

In summary, the differentiation of T cells in CPP pa-
tients may be related to ROS. Elevated levels of ROS
might lead to an imbalance in the differentiation of
CD4" T cells into Thl7/Treg by up-regulating the
NLRP3/IL-1p/caspase-1 signalling pathway. This me-
chanism provides potential therapeutic targets for mod-
ulating the immune response in CPP.
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