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[ Abstract] Objective To investigate the effect of free Heme on sepsis-induced immunosuppression model
mice based on regulation of macrophage PANoptosis by NLR family pyrin domain containing 12 (NLRP12). Methods
A sepsis mouse model was constructed and the mice were divided into Model, Heme, Heme+empty plasmid ( Heme+
si-NC) , and Heme+NLRP12 low-expression plasmid groups ( Heme+si-NLRP12) (n=12 mice per group). Another
12 mice with exposed cecum without ligation or puncture were considered as the sham surgery group (Sham). Serum
levels of inflammatory factors were detected by enzyme-linked immunosorbent assay ( ELISA). The CD4"/CD8" ratio
in the blood was detected by flow cytometry, pathological changes in lung tissue were detected by hematoxylin/eosin
staining, apoptosis was detected by terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling ( TUNEL)
staining, and expression levels of PANoptosis-related proteins in lung tissue were detected by Western blot. To clarify
the mechanism by which heme regulates NLRP12, sepsis cell models were induced using lipopolysaccharide (LPS)-
infected mouse bone marrow-derived macrophages (BMDM). Model mice were divided into LPS, LPS+Heme, LPS+
Heme+si-NC group, and LPS+Heme+si-NLRP12 groups, with mice administered normally cultivated BMDMs as the
Control group. Levels of inflammatory factors in the BMDM supernatant were detected by ELISA, cell viability was
detected by Cell Counting Kit-8 assay, apoptosis rate was detected by TUNEL staining, and expression levels of
PANoptosis-related proteins were detected by Western blot. Results Compared with the Model group, rats in the
heme group showed increased serum levels of inflammatory factors, aggravated lung tissue injury and cell apoptosis,
and progression of cell PANoptosis, while the CD4"/CD8" ratio was reduced ( P<0.05). Compared with the Heme+
si-NC group, pathological lung tissue damage and the process of PANoptosis were alleviated in the Heme+si-NLRP 12
group, serum levels of inflammatory factors, and the apoptosis rate of lung tissue cells were decreased, while the
CD4"/CD8" ratio was increased (P<0.05). Cell experiments showed that the cell survival rate was significantly
decreased in the LPS group, while the process of cell PANoptosis and levels of inflammatory factors in the supernatant
were increased (P<0.05). Compared with the LPS group, the apoptosis rate, process of PANoptosis, and levels of
inflammatory factors were further increased in the LPS+Heme group (P<0.05). Compared to the LPS+Heme+si-NC
group, the LPS+ Heme +si-NLRP12 group exhibited significantly increased cell viability, reduced apoptosis and
supernatant inflammatory factor levels, along with decreased expression of NLRP12, Bax, Caspase-8, p-RIPK3, and
GSDMD-N(P<0. 05). Conclusions Heme may induce macrophage PANoptosis by upregulating NLRP12, thereby
enhancing immune suppression in sepsis.
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Figure 1 Comparison of serum IL-6 and TNF-a levels among different groups of mice
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Figure 2 Distribution of CD4" and CD8" T lymphocytes in each group of mice
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Figure 3 Comparison of CD4"/CD8" ratio in the blood serum of mice among different groups
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Figure 4 HE staining for detecting pathological changes in lung tissue
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Figure 5 Comparison of lung tissue injury scores among different groups of mice
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Figure 7 Comparison of apoptosis in lung tissue cells of mice in each group



76 o B R 2R 2 2026 4F 3 H 2R 36 555 6 81 Chin J Comp Med, March 2026, Vol. 36,No. 6

2.6 &% BMDM 75iE X L&

mE 9 Fr~, 5 Control 41 %8, LPS 4
BMDM 1735 R B i F& Ik (P<0.05) ; 5 LPS 4l It
%, LPS+Heme #1 BMDM £ R ik — 4 F [ (P<
0.05) , 5 LPS+Heme+si-NC ZH#H It , LPS+Heme +
si-NLRP12 2| BMDM 17 % 2. & T =5 ( P<0. 05) .
2.7 %Y BMDM L& RKXMEETILE

Pk 10 s, 5 Control 4H Fb %8, LPS 41
BMDM b 3& ¥ R 1 77K F-BH . 7455 ( P<0. 05)
5 LPS 41 b4, LPS+Heme 2 | 3% Wi 46 Pk A 77k

n

NLRPI2 = s SHED s s 105 kDa

GSDMD-N S S-S S s 55 Do

p-RIPK3/RIPK3 HLfF]
p-RIPK3/RIPK3 ratio

Caspase-1 S—" SE_— N NS S 5 D2

p-RIPK3 e s - —— ;| |,

RIPK3 S S SN S . 57 D: <

PMLKL S S S s - 54 kDa

MLKL - - ).

Caspase-3 WD SR SN s S <5 (Do

nlevel  GSDMD-N protei
o
o
1

w ©
1}

Bel2 WD S s s g 06 kDo

Bax - — . S s 2] kD2

Caspase-8 [1 £IA 7K

Bactin M NI GNED SRR Wan 2 <Dd

2
]
&
2
[
g
g
&

P-MLKL/MLKLHAE
P-MLKL/MLKL ratio
(=]

@

(=}

KK

Caspa G
Caspase-1 protein expression level
o
o
1

SEgE—2 T & (P<O. 05),%5 LPS+Heme+si-NC 21
FH LI, LPS+Heme +si-NLRP12 2H b33 i 46 PE A 7
KR 2R R (P<0.05)
2.8 #&%H BMDM AT XKL

WA 11 frx, 5 Control 4H b %5, LPS 4H
BMDM 8 1= # B i 7+ 155 ( P<0. 05) ;5 Model 41 Lk
#, LPS+Heme 41/ B BMDM 8 T~ %3t — 2 T+ &5
(P<0.05) ,5 LPS+Heme+si-NC ZHAH I , LPS+Heme
+si-NLRP12 #H /)» L BMDM ¥ 1= % B & & (%
(P<0.05),

fRTFAA

Sham group

R

Model group

W AT R4

i Heme group

T B LT SR+ BRI 0 R R e
Heme+si-NC group

0.25 PETT 1472 R

ﬂ TR LT ZRANLRPI2IGES ot e e

Heme+si-NLRP12 group

=
S
-

o
-
a

'_H

<
i
1

e
[§)
1

= ©

=]
)
1

0.6

Bel 23 FARIA KT
Bcl 2 protein expression level

Bax [ RiAKF
Bax protein expression level

o o
S VRS
L

1Tl

ST ARG, *P<0.05; SEHIZIAHLL, "P<0. 05; 5 M L1 5 + IR BUSORIFE L 4L 1L, ©P<0. 05,
8 Western blot Kl #%-2H /)N R ZH 2072 P8 T~ AH S 8] F 57K E
Note. Compared with Sham group, *P<0.05. Compared with Model group, "P<0.05. Compared with Heme+si-NC group, °P<0. 05.

Figure 8 Comparison of PANoptosis related protein expression levels in lung tissue of mice in each group by Western blot
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Figure 9 Comparison of BMDM survival rates among different groups
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Figure 10 Comparison of inflammatory factors in BMDM supernatant of each group
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Figure 11 Flow cytometry detection of cell apoptosis rate
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Figure 12 Comparison of expression levels of PANoptosis proteins in BMDM among different groups by Western blot
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