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Impaired hematopoietic progenitor cells in trauma hemorrhagic shock
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A B S T R A C T

Hemorrhagic shock (HS) is the major cause of death during trauma. Mortality due to HS is about 50%.

Dysfunction of hematopoietic progenitor cells (HPCs) has been observed during severe trauma and HS.

HS induces the elevation of cytokines, granulocyte-colony stimulating factor (G-CSF), peripheral blood

HPCs, and circulating catecholamines, and decreases the expression of erythropoietin receptor

connected with suppression of HPCs. Impaired HPCs may lead to persistent anemia and risk of

susceptibility to infection, sepsis, and MOF. There is a need to reactivate impaired HPCs during trauma

hemorrhagic shock.

� 2016 Delhi Orthopedic Association. All rights reserved.

Contents lists available at ScienceDirect

Journal of Clinical Orthopaedics and Trauma

jou r nal h o mep ag e: w ww .e lsev ier . co m / loc ate / jc o t
1. Introduction

Trauma is the third leading cause of death and disability in all
age groups. Globally, per year, 6 million people die due to trauma.
Trauma accounts for 12% global burden of disease, of which 90%
occur in low- and middle-income countries. Trauma accounts for
20% of global burden of death.1,2 1,69,000 people die as a result of
injury each year. 50% of deaths that are due to trauma occur in the
first 24 h of admission.3

After trauma, hemorrhagic shock (HS) is the next leading cause
of death. Mortality due to HS is approximately 50%. Concerns
related to fluid, blood component, and control of hemorrhage has
been the cornerstone of HS management since many decades.
Resuscitation with fluids and blood products induces reperfusion
injury due to the production of reactive oxygen species and
activation of immune cells.4

HS induces excessive production of inflammatory cytokines
that leads to systemic inflammatory response syndrome (SIRS),
sepsis, and multiorgan failure (MOF) following severe trauma and
HS. It contributes to tissue damage. Elevated cytokines, which also
causes hematopoietic progenitor cells (HPCs) apoptosis, leads to
multiorgan failure (MOF), following severe injuries and HS in
human and animal models.5,6

HPCs apoptosis may lead to persistent anemia and risk of
susceptibility to infection and sepsis.5,6 Dysfunction of HPCs is a
multifactorial process. Elevated inflammatory cytokines, G-CSF,
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circulating catecholamines, and peripheral blood HPCs are
associated with HPCs dysfunction in T/HS.7–9 Therefore, the
purpose of this review was to understand the mechanism behind
the hematopoietic dysfunction following T/HS.

2. Cytokine and impaired hematopoietic progenitor cells

HS induces inflammation that leads to changes in active
cytokine milieu. Pro- and anti-inflammatory cytokines (TNF-a, IL-
6, IL-10, IL-8) and MCP-1 are thought to play important roles in
immune dysfunction resulting in multiorgan failure (MOF) and
death.7 Cytokines are proteins that are important in cell signaling.
It is produced by innate and adaptive immune systems and they act
as effectors or immune modulators of inflammatory response,
which in turn play prominent roles in the development of sepsis or
MOF. An imbalance between the early SIRS and the later
compensatory anti-inflammatory response (CARS) may be respon-
sible for increased susceptibility to infections, sepsis, and MOF.7,10

Elevated cytokines also causes hematopoietic progenitor cells
apoptosis. A recent study reported that elevation of TNF-a and IL-6
were directly associated with suppression of HPCs in patients with
T/HS.11 Excessive production of cytokines leads to an imbalance in
erythropoiesis following severe trauma. Elevated levels of TNF-a
result in its binding to the receptor on bone marrow, which
activates caspase-8 leading to apoptosis during severe trauma
(Fig. 1),6 but there are more pathways leading to impaired
erythropoiesis.12,13 Maturation of erythroid progenitor cells was
inhibited by IL-1, IL-6, IL-8, and transforming growth factor (TGF)-
b during severe trauma.5,6 Selleri et al. showed that TNF-a and
IFN-g cytokines are associated with HPCs apoptosis. Suppressive
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Fig. 2. Overview of mobilization of hematopoietic progenitor cells.
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effects were observed in cultures supplemented with the
combination of both cytokines than in cultures treated with
IFN-g or TNF-a alone.14

3. Mobilization of hematopoietic progenitor cells

Peripheral blood HPCs were increased in T/HS when compared
with the healthy volunteer. In subgroup analysis of T/HS patients,
peripheral blood HPCs were elevated among nonsurvivors when
compared to survivors.8 Badami et al. reported that in severe injury
and HS, mobilization of HPCs from BM to peripheral blood is
associated with BM dysfunction.15 Livingston et al. showed that
when peripheral blood HPCs were grown in methylcellulose
media, their number increased in severely injured patients in
comparison to normal volunteers (15 � 26 vs. 3 � 1, <0.05).5 This
study only recruited patients of the severe injury group and did not
correlate with the outcomes. Previous studies indicated that
mobilization of HPCs from BM to peripheral blood and then to
injured or inflammatory tissue is beneficial for wound healing and
maintaining immune response.16 Elevated peripheral blood HPCs
lead to BM dysfunction following T/HS. It is also associated with poor
outcomes.8

4. G-CSF and mobilization of hematopoietic progenitor cells

Recent studies showed that granulocyte-colony stimulating
factor (G-CSF) was elevated in T/HS when compared with the
healthy control.9 A similar result was observed in severe trauma
and neutropenic patients and is the potent stimulator of
hematopoietic mobilization.17,18 Baranski et al. showed that
peripheral blood HPCs and plasma levels of G-CSF were increased
in both HS and lung contusion hemorrhagic shock (LC/HS)
patients.19 Elevated levels of G-CSF were reported in trauma,
burns, and sepsis patients.20–22

5. Norepinephrine and hematopoietic progenitor cells

T/HS-induced stress condition increased circulatory levels of
norepinephrine, promoting mobilization of HPCs from bone
marrow.23 Excessive release of inflammatory cytokines leads to
sustained elevation of catecholamine concentrations.23,24 Therefore,
trauma-induced hypercathecolamine that alters the regulation of
CXCR4 and stromal cell-derived factor-1 (SDF-1) cause suppression
of bone marrow HPCs and continued mobilization of HPCs into
peripheral blood leading to persistent anemia (Fig. 2).23 A recent
study reported that SDF-1 maintains the HPCs connection between
the bone marrow and the periphery.19 The role of SDF-1 is to provide
HPCs from bone marrow to injured tissue. HPCs help in healing of
injured tissues by differentiating within the healing tissues.6,19,23

6. Decreased expression of erythropoietin receptor

In our recent study, we observed elevated serum levels of EPO in
T/HS patients when compared with control group. Elevated levels
of EPO were not affected on reactivation of BM dysfunction.
However, we measured the expression of BM-EpoR and found that
EpoR expression was decreased in T/HS in comparison to control
group. Modulation of BM-EpoR might result in bone marrow
failure.25

Erythropoietin receptor (EpoR) may be one of the parameters
of BM erythropoiesis. A previous study showed that blunted EPO
leads to low hemoglobin concentrations, increase in inflamma-
tory mediators, and a hypoferremic state, resulting in anemia
during severe trauma.26 Recent evidence suggested that blunted
EPO contributes to anemia in specific subsets of critically ill
patients.27

EpoR is a protein that preexists as dimers.28 Upon binding by
EPO (a 34 kDa ligand), EpoR changes its conformation to monomer
state. EPO binds to an EpoR to regulate bone marrow erythroid cell
proliferation, differentiation, and survival.28 Leist et al. suggested
that EPO mediates tissue protection through a receptor (tissue-
protective receptor) that is pharmacologically distinct from the
classic EPO receptor that is known to mediate erythropoiesis.28

EpoR signaling prevents neuronal and erythroid progenitor cells
apoptosis.29,30

7. Hematopoietic stem cells in general

Hematopoietic stem cells (HSCs) are the blood cells derived
from mesoderm. Previous studies have demonstrated that HSCs
have regeneration capacities and are committed to multipotent,
oligopotent, and unipotent progenitors. HSCs self-renewal is
thought to occur in the stem cell niche. HPCs microenvironment
is controlled by a complex interplay between intrinsic signals
surrounded by BM microenvironment. Dysregulation of this
balance can leads to BM dysfunction, leading to such hematopoi-
etic and myeloproliferative disorders.31
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8. Therapeutic strategies that may be used for reactivate bone
marrow dysfunction

8.1. Propranolol

Bible et al. reported that administration of propranolol
following lung contusion and lung contusion/hemorrhagic shock
decreased mobilization of HPCs from the bone marrow and
restored plasma G-CSF levels. Propranolol may be the future
therapeutic target to reduce the bone marrow dysfunction
following T/HS.32

8.2. EPO and growth factors

Studies have shown that erythropoietin (EPO) acts as an anti-
apoptosis, neuroprotective, anti-inflammatory, and angiogenetic
hormone. It helps proliferation and differentiation of erythroid
progenitor cells. A recent study indicated that pretreatment with
EPO, 3 days prior to induction of HS, protects against renal
dysfunction, and liver and neuromuscular injuries, when com-
pared with pretreatment with vehicle (placebo). In humans,
tibiofibular fractures treatment with EPO helps to accelerate
healing. EPO receptor is found on early burst forming unit-
erythroid (BFU-E), as well as late erythroid progenitor cells [colony
forming unit-erythroid (CFU-E)]; the first cells are recognizable as
committed to erythroid differentiation and nonhematopoietic
tissue, including central nervous system, endothelium, cardiac
myocytes, kidney, and some solid cancer line. Previous studies
have indicated that IL-3 and GM-CSF also promote proliferation
and differentiation of HPCs.31

8.3. Mesenchymal stem cells (MSCs)

The recent studies demonstrated that treatment with MSCs
after polytrauma reduces inflammation and promotes tissue
regeneration. MSCs have therapeutic promises in numerous
preclinical and clinical models of diseases, such as graft-versus-
host disease, sepsis, hepatic failure, and acute renal failure. In
previously published reports, BM-MSCs have been shown in
preclinical and clinical use for tissue regeneration. Recently, more
than 283 clinical trials are registered with MSCs (www.
clinicaltrials.gov) and 45 studies for MSCs were done in December
2012, of which two were related to lung injury. Previous studies
demonstrated that human MSCs maintain immunosuppressive
microenvironment by secreting the cytokines and avoid allor-
ecognition, and interfere with dendritic cell and T-cell function.
Administration of a single dose of MSCs impaired wound healing
via Treg cells after trauma in a rat model. Intravenously
administered MSCs reduced pulmonary endothelial cell perme-
ability and inflammation, and impaired wound healing in a rat
model of HS and trauma. MSCs may have the therapeutic effect not
only for the reactivation of BM dysfunction but also for acute lung
injury and acute respiratory distress syndrome caused by T/HS in
humans. Differentiation capacity of MSCs may be applied for the
treatment of T/HS.33

8.4. Bone marrow mononuclear cells

Previous studies reported that bone marrow mononuclear cells
(BMCs) have the capacity of self-renewal and tissue regeneration
in nervous system and spinal cord injuries. Intravenous adminis-
tration of BMCs protects against organ injury/dysfunction caused
by severe HS via activation of signaling pathway and promotes
immune reconstitution in the presence of acute graft-versus-host
disease. BMCs modulate immune system, increase the growth of
HPCs, reduce mobilization of HPCs into peripheral blood, and
preserve bone marrow cellularity in injured tissue. Previous
studies have shown that BMCs are immunologically safe. There is
no ethical issue and they are easily isolated.34

8.5. Hematopoietic stem cells

HSCs transplantation has been used as an adjunct treatment of
bone marrow failure, hemoglobinopathies, and immune system
disorder. Li et al. showed that human hematopoietic stem/
progenitor cells (HSPCs) promoted kidney repair and regeneration
using an established ischemia reperfusion injury model in mice.
Human CD34+ cells and HSPCs promoted vasculogenesis and
osteogenesis in stroke and bone injury. HSCs transplantation may
be explored as a therapeutic option for the hematopoietic failure in
patients with trauma hemorrhagic shock.35

9. Conclusion

Hemorrhagic shock induces elevated inflammatory cytokines
(TNF-a and IL-6), G-CSF, and mobilization of HPCs from bone
marrow to peripheral blood leading to impairment of HPCs.

Impaired HPCs may be reversed with the treatment of
propranolol, EPO, BM-MSCs, HSCs, and BMCs. Clinical trial should
be designed with EPO, BM-MSCs, HSCs, and BMCs on patients with
trauma hemorrhagic shock.
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