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Scientists have worked for nearly half a century to explore the 
potential of transplanted neural stem cells and neural progeni-
tor cells (NPCs) to replace lost neural tissue following spinal 
cord injury (SCI).1-3 Decades of intensive research have illumi-
nated the ability of transplanted NPCs to differentiate into 
neurons and macroglia, extend graft-derived axons for long 
distances throughout the host nervous system, support 
ingrowth of regenerating host axons, and foster the formation 
of electrophysiological relays. The overarching goal of this field 
of research is to translate NPC transplantation to the clinical 
setting where, with luck, the transplanted cells might aid func-
tional recovery for individuals living with SCI. Despite a gen-
erally positive outlook from many researchers in the field about 
the promise of NPC transplantation, most reports of functional 
recovery are modest. Other studies report negative data or fail-
ure to replicate positive findings.4-6 This raises the question, 
“Why is functional recovery variable following NPC transplanta-
tion into sites of SCI?” What are the biological factors that 
might contribute to variability in the therapeutic efficacy of 
grafts between animals, across labs, or even within the same 
lab? Identifying and controlling such sources of variability in 
graft biology, which contribute to variability in functional out-
comes, will be instrumental in the development of human cell 
grafts that impart robust and reproducible efficacy in the clinic.

Pitonak et al7 begins to illuminate such sources of variability 
in cell grafting approaches by highlighting the importance of 
biological sex. In this study, we utilized a model of “mouse-to-
mouse” grafting in which adult C57BL/6 mice received donor 
cells obtained from embryos of the same syngeneic strain. To 
isolate the role of sex, we transplanted spinal cord NPCs 
derived from either male or female (or both male and female) 
mouse embryos into sites of SCI in male and female mice. 

Through this work, we showed that female host animals that 
received male donor cells exhibited hypervascularization, 
increased perivascular cell density and heightened infiltration 
of T cells compared with other experimental groups, demon-
strating a cellular inflammatory response in sex-mismatched 
female recipients, but not males.7

This work raises several key questions with relevance to 
ongoing and future clinical applications. The most pertinent of 
these questions could be, “Might this happen in humans, too?” 
The large body of clinical data on human organ transplantation 
suggests that this may very well be the case. Human organ 
transplantation has been successfully performed for over 
70 years, since the first successful transplantation of a human 
kidney in 1950. A number of large retrospective studies have 
since revealed that sex matching is an important consideration 
for transplantation, as female recipients of male donor organs 
– including kidneys, corneas, hearts, lungs, and liver – routinely 
exhibit the worst chances of graft survival and the highest 
chances of adverse outcomes.8-14 This has been attributed to 
the presence of H-Y antigens, minor histocompatibility anti-
gens expressed by genes on the Y chromosome, in male tissue.15 
These H-Y antigens promote B-cell and T-cell responses, 
resulting in elevated levels of H-Y-specific antibodies in the 
female patient, and constitute a major risk factor for graft rejec-
tion following transplantation of male grafts into female recip-
ients.15 While Pitonak et al did not investigate the molecular 
mechanisms of male NPC graft immune rejection by female 
mice, we are continuing to investigate the role of H-Y alloim-
munity in ongoing preclinical work.

Will biological sex mismatch between donor cells and 
recipients represent a new clinical hurdle in the successful 
translation of human cell therapies for SCI? If so, how can we 
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monitor and/or mediate this effect? As NPC transplantation 
clinical trials for SCI gain traction,16,17 these are questions of 
high clinical relevance. A notable ongoing SCI clinical trial 
pioneered by Okano and colleagues will evaluate the super-
donor integration-free human induced pluripotent stem cell 
line, YZWJs513, which is derived from a male donor.17 A 
future clinical trial is currently being planned by the Tuszynski 
group (personal communications), and will utilize NPCs 
derived from H9 human embryonic stem cells, which are 
genetically female.18 Both of these studies will be allografting 
studies, meaning that the donor cells are not genetically identi-
cal to the recipient. Because of this, immunosuppression will 
already be required and indeed is included in the Japanese 
study design,17 as is the case with any clinical organ transplan-
tation. However, the planned immunosuppression is transient. 
It will therefore be important to document any sex-dependent 
differences in outcomes of male versus female patients who 
receive either sex-matched or sex-mismatched transplants. 
Perhaps future studies can include biomarker assessments to 
uncover any sex-dependent differences in the cellular and/or 
molecular inflammatory response experienced over time fol-
lowing cell transplantation.

Future preclinical work is also needed to understand how 
the early immune rejection response observed in Pitonak et al 
evolves over time. Our study focused on the subacute-to-early 
chronic phase of SCI, as grafts were examined at only 4 weeks 
post-transplantation. Hence, we still do not understand how 
this immune response might be affecting important outcomes 
such as graft survival and functional recovery in the long term. 
We did not monitor functional (motor or sensory) behavioral 
outcomes in our study, but long-term behavioral studies are 
planned. It will also be important to address the potential of 
transient immunosuppression to promote graft survival, inte-
gration, and immunocompatibility in sex-mismatched groups. 
Experimental organ transplantation studies—many focusing 
on kidney transplantation—have shown that there are differ-
ences in the acute versus chronic immune response,19-22 so it is 
possible that outcomes could be worsened several months 
down the line. Inflammation within the spinal cord, at worst, 
could aggravate negative symptoms such as pain or spasticity. 
Moreover, immune rejection could potentially impact graft 
eff icacy. The goal of NPC transplantation is to promote novel 
host/graft synaptic connections that can mediate the recovery 
of neurological function.1,2 If grafts are attacked by the host 
immune system, the establishment and/or maintenance of syn-
apses between graft and host would likely be eroded.

As scientists in the field of SCI research, our common goal 
is to help patients suffering from SCI to achieve better quality 
of life through therapeutic interventions. Decades of failed tri-
als and inconclusive results highlight the major gaps in knowl-
edge that remain about SCI pathophysiology as well as 
treatment mechanisms. For NPC transplantation therapy, we 
must learn more about the fundamental biology that underlies 

therapeutic efficacy, and the sources of variability that chal-
lenge reproducibility in outcomes. Gaining a deeper founda-
tional knowledge in this way is the best approach to expedite 
the development of robust, reproducible treatments for SCI 
patients.
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