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Abstract
According to clinical data, patients undergoing allogeneic hematopoietic stem cell transplantation (HSCT) are 

at risk for infection and severe sepsis, both of which significantly impact the transplant’s success. This suggests 
that the inflammatory immune response is dysregulated in this clinical setting. Here, by utilizing a mouse model of 
haploidentical bone marrow transplantation (haplo-BMT), we found that uncontrolled macrophage irritation underlies 
the pathogenesis of the two LPS-and E.coli-prompted sepsis in beneficiary creatures with join versus-have illness 
(GVHD). Macrophage-induced inflammation was mechanistically dependent on MMP9-mediated activation of TGF-
1 when neutrophil maturation was deficient in GVHD mice following haplo-BMT. Consequently, post-haplo-BMT, 
adoptive transfer of mature neutrophils purified from wild-type donor mice prevented infectious as well as sterile 
sepsis in GVHD mice. Together, our discoveries distinguish an original mature neutrophil-subordinate guideline 
of macrophage fiery reaction in a haplo-BMT setting and give valuable insights for creating clinical procedures for 
patients experiencing post-HSCT sepsis.
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Introduction 
Sepsis is a life-threatening immune response to infection disorder 

characterized by widespread systemic inflammation and organ 
dysfunction. During sepsis, the primary proinflammatory cytokine-
producing cells are innate immune cells, which express pattern 
recognition receptors (PPRs) to recognize pathogen-associated 
molecule patterns (PAMPs) [1]. In innate immunity, macrophages 
play a variety of roles, starting with the initiation of inflammatory 
responses and ending them. According to macrophages may produce 
a number of proinflammatory cytokines and chemokines that enhance 
the elimination of evading pathogens in the early stages of infection and 
exacerbate inflammatory responses. However, a remarkable production 
of multiple cytokines, known as a “cytokine storm,” is caused by an 
unbalanced immune response to inflammation. This phenomenon has 
the potential to increase the risk of fatal sepsis. Balance of macrophage 
capability has been displayed to have a promising impact in diminishing 
fundamental irritation during bacterial leeway and further develops 
endurance of bacterial sepsis [2].

The failure of immune reconstitution and inadequate immune 
regulation following hematopoietic stem cell transplantation (HSCT) 
are thought to be associated with infectious diseases in HSCT recipients. 
Albeit the neutropenic stage stays a significant gamble of sepsis at 
beginning phase’s post-HSCT, HSCT beneficiaries past the time of 
neutropenia are likewise defenseless against bacterial contamination, 
demonstrating a drawn out brokenness of giver determined intrinsic 
insusceptibility against disease. According to Kumar et al., severe sepsis 
is linked to worse outcomes and occurs at a relatively high frequency 
among HSCT patients, particularly those with graft-versus-host disease 
(GVHD). It is common knowledge that neutrophils play an essential 
role in the body’s natural defenses against a variety of pathogens. As of 
late, neutrophils have been found to assume administrative parts in both 
natural and versatile resistant reactions [3]. The number of circulating 
neutrophils in HSCT patients has long been used as an indicator for 
effective engraftment of donor cells in recipient marrows due to their 
rapid reconstitution following HSCT by Tecchio and Cassatella In 
spite of the fact that neutrophils carry out complex roles in irritation, 
investigations of neutrophil capabilities and their jobs during sepsis 
post-HSCT are as yet deficient.

Method
After HSCT, immune cells are rebuilt in a variety of patterns, 

which makes it possible to learn how an imbalanced immune response 
to inflammatory stimuli might affect the development of sepsis. 
Using a mouse model of haploidentical bone marrow transplantation 
(haplo-BMT), we investigated the GVHD- and non-GVHD-induced 
inflammatory responses induced by lipopolysaccharide (LPS) and 
E [4]. coli in recipient animals. We discovered that macrophage-
dominated inflammation was the cause of severe sepsis in GVHD 
mice, making them significantly more susceptible to LPS challenge 
and E. coli infection than non-GVHD mice. Hindered reconstitution 
and utilitarian development of neutrophils post-haplo-BMT go about 
as a system fundamental the dysregulation of macrophage-prompted 
irritation in GVHD mice. Additionally, we demonstrate that mature 
neutrophils regulate macrophage inflammation by activating TGF-1 
through the MMP9 pathway [5]. We first established a mouse model 
of haplo-BMT (B6 B6D2F1) in which B6D2F1 mice were irradiated to 
death and infused with donor-derived T-cell-depleted bone marrow 
(TCD-BM) to investigate inflammatory immune responses following 
BMT [6]. TCD-BM cells and splenic T cells taken from donor B6 mice 
were transferred to allogeneic recipient mice to cause GVHD. On day 
14 post-haplo-BMT, allogeneic beneficiaries that got both TCD-BM 
and Lymphocytes gave indications of GVHD, apparent by amplified 
spleens containing expanded White blood cell invasion, as well as 
raised serum IFN-γ level, contrasted and non-GVHD beneficiaries [7].

Proinflammatory cytokines in sera following LPS challenge were 
further analyzed by quantitative ELISA. In contrast to non-GVHD 
and untransplanted WT mice, LPS significantly increased TNF-, IL-6, 
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and IL-12 levels in GVHD mice, which are indicators of the cytokine 
storm. In addition, we found that GVHD mice’s serum levels of the 
classic immune-regulatory cytokine IL-10 were elevated indicating 
that these recipient animals’ immune systems were not functioning 
properly following haplo-BMT. When compared to non-GVHD and 
untransplanted WT mice, the serum TGF-1 level in GVHD mice 
significantly decreased following LPS administration [8]. Septic GVHD 
mice had a systemic inflammatory response, as evidenced by elevated 
TNF- and IL-6 production in the liver, lungs, and spleens two hours after 
LPS injection. When compared to macrophage-replete GVHD mice, 
macrophage depletion significantly reduced serum TNF- and IL-6 levels 
following LPS injection, but only slightly increased early survival. In E. 
coli-induced sepsis, macrophage depletion consistently increased the 
survival of GVHD mice after E. coli infection and reduced the presence 
of proinflammatory cytokines in the sera. Because the bacterial loads in 
the peritoneal cavity, blood, spleen, and lung of macrophage-depleted 
GVHD mice were not significantly different from those of macrophage-
repleted GVHD mice, there was no correlation between the improved 
survival rate of macrophage-depleted GVHD mice and the control of 
infection in primary sites of infection or bacterial propagation [Figure 1].

Result
It was discovered that neutrophils, a diverse population of cells, 

play regulatory roles in inflammatory responses. For in vivo neutrophil 
depletion, monoclonal antibodies against Gr-1 or Ly6G, which recognize 
various antigen epitopes on neutrophils, have been extensively used. 
Without affecting the number of splenic macrophages, either antibody 
could effectively deplete neutrophils in 24 hours in GVHD mice 
(Figures S2A and S2B). We administered anti-Gr-1 to GVHD mice one 
day before inducing LPS sepsis to investigate the role of neutrophils 
in sepsis following haplo-BMT. Intriguingly, following LPS injection, 
anti-Gr-1-mediated neutrophil depletion significantly increased serum 
TNF- and IL-6 levels in GVHD mice (Figure 3B) and slightly decreased 
recipient mice’s survival time.

Discussion 
Ignorance of the underlying mechanism of sepsis pathogenesis 

makes it difficult to prevent and treat sepsis. As perhaps of the most 
widely recognized complexity post-HSCT, disease is bound to form 
into serious sepsis, which stays a significant reason for mortality for 
HSCT patients. In light of these clinical findings, we investigated both 

sterile and bacterial inflammation in recipient mice following haplo-
BMT using a mouse model of the procedure. This study’s findings 
suggest that neutrophils regulate inflammation following haplo-BMT. 
The pathogenesis of sepsis in GVHD mice following haplo-BMT was 
exacerbated by neutrophil maturation deficiency, which was associated 
with enhanced extramedullary granulopoiesis and decreased immune 
modulation of macrophage-dependent inflammation. 

Conclusion
However, our in vivo experiment showed that in BMT scenarios, 

the regulation of inflammatory macrophage activation was especially 
dependent on functional neutrophils. Additionally, it is possible 
that additional immunoregulatory mechanisms exist to compensate 
for the regulatory function of neutrophils in WT mice when they 
are stimulated by inflammatory factors. According to our findings, 
post-haplo-BMT sepsis was caused by immune dysregulation 
in macrophage-induced inflammation that was exacerbated by 
deficiencies in neutrophil reconstitution and functional maturation. 
Post-BMT neutrophil maturation and extramedullary granulopoiesis 
reduction may be useful in the prevention of post-HSCT sepsis, but 
more research is needed. The efficacy of cell injection therapy in a 
model of monkey corneal edema demonstrates that CECSi cells can 
also be transported, thawed, and cryopreserved. Cornea Gen (Seattle, 
WA) supplied the research with human donor corneal buttons. Three 
distinct donors HCEC were collected as a single sample [9], and the 
RNeasy kit (Qiagen, Valencia, CA) was used to extract total RNA from 
the cells because the amount of total RNA from a single donor cornea 
is limited. For the purpose of analysis, three distinct samples of corneal 
endothelial RNA were prepared. There were a total of nine donor eyes, 
with 5 male and 4 female donors, a mean donor age of 62.8  4.8, and 
a mean donor corneal endothelial cell density of 2734.0  382.0 cells/
mm2. Cells on culture dishes, 6-well culture plates, or monkey corneal 
buttons in 24-well plates were fixed at room temperature for 10 min 
in 4% paraformaldehyde (PFA) in phosphate-cushioned saline (PBS) 
[10]. To prevent nonspecific binding, samples were incubated for 30 
minutes at room temperature in 10% normal donkey serum following 
two washes with PBS. Then, examples were hatched for an hour at 
room temperature with the showed essential antibodies and washed 
twice with PBS. After that, the cells were washed twice in the dark 
and incubated for one hour with the designated secondary antibodies. 
Using B4G12 cells as a positive control, the immunostaining conditions 
for tight junction protein-1, Na, K-ATPase alpha-1 subunit (ATP1A1), 
N-cadherin, transcription factor PITX2, and DAPI were determined.
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