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Editorial

“Understanding the pathophysiological disturbances resulting from TBI as well as 
potential mechanisms of progenitor cell therapies may afford significant promise in 

advancing treatment for TBI.”
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Progenitor cell therapies as a novel treatment 
for traumatic brain injury: a pathway 
towards neuroprotection

regions of the brain after TBI, highlighting a 
potential target for progenitor cell therapy [10]. 
Additional in vitro studies investigating direct 
contact cultures of MSCs and immunologic 
cells have shown a decrease in proinflammatory 
cytokine production (IFN‑g) with a concordant 
increase in anti-inflammatory cytokine produc‑
tion (IL‑4 and -10) [11]. Unfortunately, results 
have been inconsistent with in vivo models. Such 
inconsistency is potentially secondary to limited 
progenitor cell engraftment and the pulmonary 
first pass effect.

Classic biodistribution studies that track 
MSCs after intravenous injection demonstrate 
that the overwhelming majority of cells are 
sequestered in the lungs [12]. Harting et  al. 
demonstrated in a rodent TBI model that only 
0.001% of intravenously transplanted cells 
engraft in the brain parenchyma with signifi‑
cant sequestration within the lung parenchyma 
(>96%) when evaluated 2–3 days after TBI. 
Furthermore, virtually no MSCs were found 
to remain in the parenchyma 2 weeks after 
transplantation [13]. Additional work completed 
in the Prockop laboratory has shown similar 
results with less than 0.001% of transplanted 
MSCs bypassing the pulmonary microvascu‑
lature [14]. Therefore, the observed pulmonary 
first-pass effect limits the number of MSCs 
that come into contact with the area of injury, 
thereby decreasing the likelihood that the 
neuroprotection is derived from a locoregional 
response alone.

Secondary to the limitations inherent to the 
intravenous delivery of progenitor cells, we 
believe that the observed neuroprotection could 
be due to modulation of the systemic inflamma‑
tory response ultimately affecting resident intra‑
cerebral microglial cell differentiation. As previ‑
ously mentioned, the majority of transplanted 

Traumatic brain injury (TBI) places a tremen‑
dous burden upon the American healthcare 
system and is associated with significant long‑
term patient morbidity [1]. In addition, all acute 
monotherapies focused on maintaining cerebral 
perfusion have failed to reverse the neuronal 
injury observed with TBI [2,3].

Preliminary research has shown potential 
neuroprotection after the intravenous injec‑
tion of adult tissue progenitor or stem cells after 
TBI. By definition, adult tissue progenitor cells 
have the capacity for self-renewal and are multi
potent (able to differentiate down multiple cell 
lines)  [4]. Progenitor cells are maintained in 
select microenvironments throughout the body, 
which include bone marrow, adipose tissue, 
umbilical cord blood and within neural tissue 
(dentate gyrus and hippocampus). Within such 
niches, progenitor cell depletion, proliferation 
and activation are tightly regulated [5]. 

Early preclinical work has shown functional 
improvement after the intravenous injection of 
bone marrow-derived mesenchymal stromal 
cells (MSCs) for the treatment of TBI. Many 
such studies hypothesized that the transplanted 
MSCs were engrafting at the site of injury and 
adopting neuronal cell markers indicating dif‑
ferentiation into neurons [6]. However, the role of 
‘transdifferentiation’ is now largely disregarded. 
Much debate remains about both the frequency 
and clinical significance as well as the validity of 
neural marker expression with most investigators 
believing this to be erroneous [7–9]. 

A more recent hypothesis to explain the 
observed neuroprotection is progenitor cell 
engraftment at the site of injury with modula‑
tion of the locoregional inflammatory response. 
Work completed in the Cox laboratory has 
detailed the proinflammatory mircroenviron‑
ment of both the direct injury and penumbral 
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progenitor cells remain sequestered within the 
lung microvasculature and parenchyma after 
intravenous delivery. Nemeth et al. have shown 
interaction between such sequestered progenitor 
cells and resident lung macrophages leading to 
increased anti-inflammatory cytokine produc‑
tion [15]. Additional studies completed in our 
laboratory have shown that a small percentage of 
MSCs that bypass the lungs become entrapped 
within the spleen [12]. The splenic white pulp, 
rich in immunologic cells (e.g., naive T cells), 
is located adjacent to the capillary beds within 
the spleen. Indeed, additional studies completed 
in the Cox laboratory have shown transplanted 
bone marrow-derived multipotent adult progeni‑
tor cells (MAPCs) within the white pulp. A con‑
cordant increase in anti-inflammatory cytokine 
production was found leading to preservation 
of the blood–brain barrier [16]. We hypothesize 
that such interactions between transplanted 
progenitor cells and distant organ systems 
lead to modulation of the systemic inflamma‑
tory response representing a critical step in the 
pathway towards neuroprotection.

“In an area in which all current 
monotherapies have failed to show 

significant benefit, laboratory studies that 
examine novel therapies for TBI and the 

mechanisms of benefit of these therapies 
offer significant promise.”

Furthermore, the observed increase in 
anti-inf lammatory cytokine production is 
potentially due to direct interaction between 
transplanted progenitor cells and naive T 
cells within the splenic white pulp, leading 
to an increase in CD4+ T cells. A subset of 
CD4+ T cells (CD4+CD25+FoxP3+) known 
as T-regulatory cells have anti-inflammatory 
properties, partly secondary to the produc‑
tion of IL-4 and IL-10. T-regulatory cells have 
been shown to be important in recovery from 
stroke. Through a series of in vivo experiments 
we have shown that the intravenous injection of 
bone marrow-derived MAPCs after TBI leads 
to an increase in T-regulatory cells in both 
the spleen and plasma leading the aforemen‑
tioned increase in anti-inflammatory cytokine 
production. 

Increased differentiation of naive T cells in 
to T-regulatory cells with an increase in anti-
inf lammatory cytokine production is a key 
portion of the pathway towards neuroprotec‑
tion; however, investigation into a potential 
end effector cell within the brain parenchyma 

is required. Resident intracerebral microglial 
cells are known to play an essential role in the 
response to injury. Classic proinflammatory 
CD86+ M1 macrophages are known to increase 
in concentration after acute injury. Conversely, 
CD206+ M2 macrophages have been shown to 
secrete anti-inflammatory cytokines and have a 
neuroprotective effect. Kigerl et al. have shown 
a decrease in the M2 macrophage population 
with a concordant increase in M1 marcophages 
after acute CNS insult (ischemic stroke) [17]. 
Additional work completed in the Gendelmen 
laboratory has shown that T-regulatory cells 
may activate microglial cells to preferentially 
differentiate into the M2 phenotype, as has 
been shown in neurodegenerative disease pro‑
cesses [18]. Additional studies completed in our 
laboratory have shown that intravenous progeni‑
tor cell injection leads to a shift in the microglial 
cells to a predominantly M2 phenotype lead‑
ing to stabilization of the intracerebral micro‑
vascular architecture and preservation of the 
blood–brain barrier. 

While preliminary studies have shown poten‑
tial neuroprotection associated with intravenous 
progenitor cell delivery for TBI, the mecha‑
nism of action remains intensely controversial. 
We believe that the transplanted progenitor 
cells interact with immunologic cells located 
in organ systems distant to the CNS, thereby 
modulating the systemic immunologic/inflam‑
matory response. More specif ically, direct 
interaction between transplanted progenitor 
cells and naive T cells within the white pulp 
of the spleen increases differentiation into 
T-regulatory cells leading to an increase in sys‑
temic anti-inflammatory cytokine concentra‑
tions. The observed increased levels of systemic 
anti-inflammatory cytokines activate resident 
intracerebral microglial cells to preferentially dif‑
ferentiate into neuroprotective M2 macrophages, 
ultimately leading to enhanced neuroprotection. 

A large body of work has failed to show sig‑
nificant efficacy from single agent pharmaco‑
logic neuroprotective therapies. Understanding 
the pathophysiological disturbances resulting 
from TBI as well as potential mechanisms of 
progenitor cell therapies may afford significant 
promise in advancing treatment for TBI. The 
mechanism of progenitor cell benefit in TBI and 
neurologic injury is best described as constantly 
evolving. In an area in which all current mono‑
therapies have failed to show significant benefit, 
laboratory studies that examine novel therapies 
for TBI and the mechanisms of benefit of these 
therapies offer significant promise.
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