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EDITORIAL

Heterochronic blood exchange attenuates age-related
neuroinflammation and confers cognitive benefits: do
microvascular protective effects play a role?
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Parabiosis, a technique dating back to the mid-
nineteenth century, has re-emerged over the past
15 years as a widely used experimental tool to enable
unique insights into cell-autonomous and cell non-
autonomous contributors to aging [1–4]. The ability to
demonstrate that either an aged phenotype can be trans-
posed to a young animal or rejuvenation can be con-
ferred to an old organ or cell by the young environment
provides a fascinating, critical proof-of-concept that
external factors may be involved in such effects. Impor-
tantly, a proper and careful interpretation of the clues
provided by such studies can guide the next steps toward
possible mechanistic insights. Indeed, there are now
several examples of purported pro- and anti-geronic
factors identified from parabiosis and plasma transfer

studies that have been the focus of intense study and
proposed to serve as either targets for replacement or
removal as a means to treat specific manifestations of
aging.

However, as with most any experimental paradigm,
heterochronic parabiosis and exchange consists of ca-
veats and limitations that must be appreciated when
interpreting results. One such scenario arises in in-
stances where apparent rejuvenation is observed, as
suggested by Mehdipour et al. [5] and prior work from
the Conboy laboratory [6]. On one hand, such effects
could be elicited by an anti-geronic factor(s) passing to
the older animal to restore youthful function, but the old
environment also may unintentionally benefit in this
setting from the dilution of potential bad actors, and in
the case of parabiosis, the sharing of young organs
during this chronic exchange. Indeed, this is what is
demonstrated here by Mehdipour et al. [5] whereby a
single neutral blood exchange (NBE) in old mice im-
proved multiple facets of brain health, including cogni-
tive function, neuroinflammation and markers of senes-
cence [5], which is consistent with prior reports from the
Conboy lab [6]. Interestingly, the effect of blood dilu-
tion may be even more fascinatingly interesting and
complex than previously appreciated, in that the appar-
ent relenting of pro-geronic factors via dilution acted to
“reset” a plethora of circulating factors in the old envi-
ronment, which could in turn mediate at least some of
the beneficial effects in this model. Such is the case
when Mehdipour et al. identify elevations in circulating
VEGF, BDNF, and TIMP2, among others, all of which
are implicated in brain health, just days after performing
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NBE or therapeutic plasma exchange (TPE). Such an
observation is highly relevant to a better understanding
of data generated via the heterochronic parabiosis and
blood exchange paradigms, in that evidence of rejuve-
nation should not only consider the possibility of anti-
geronic or pro-geronic factors as direct mediators per se,
but also factor in the complexity of “resetting” the
secretome, both systemically, as well as the niche in
which cells of interest reside. However, these results do
not discount the importance of blood-borne factors in
aging, but rather further support the important, albeit
complex role that cell non-autonomous mechanisms
play in our understanding of aging.

Although this study by the Conboy laboratory
reveals new insights into NBE-induced rejuvena-
tion, several questions remain to be answered. For
one, the role of cerebromicrovascular mechanisms
contributing to decreased neuroinflammation and
rescue of cognitive dysfunction needs to be eluci-
dated. The blood-brain barrier partitions the brain
from circulating blood and functions to potentially
shield neuronal cells as well as microglia from
changes in circulating blood-borne pro-geronic and
anti-geronic factors. Cerebromicrovascular endothe-
lial cells are major constituents of the blood-brain
barrier and are the only cell type in the brain that
come into direct contact with all the circulating
factors whose levels are altered by heterochronic
blood exchange. Importantly, recent studies demon-
strate that heterochronic parabiosis exerts significant
rejuvenating effects on endothelial cells in the pe-
ripheral circulation [7] and further implicate a role
of cerebromicrovascular endothelial cells in the me-
diation of these effects via candidate anti-geronic
[8] and pro-geronic circulating factors [9],
respectively.

Mehdipour et al. also demonstrated that old mice
after a single NBE exhibit reduced neuroinflamma-
tion, characterized by decreased microglia activa-
tion. Importantly, previous studies demonstrate that
an age-related disruption of the blood-brain barrier
promotes neuroinflammation, which plays a causal
role in the pathogenesis of neurodegeneration and
cognitive decline [10, 11]. Specifically, through the
damaged blood-brain barrier, plasma constituents
(including IgG, thrombin, and fibrinogen) can enter
the brain parenchyma, which promotes neuroinflam-
mation by activating microglia [12]. Thus, these
intr iguing results provoke many addit ional

ques t ions , such as: How does NBE affect
cerebromicrovascular endothelial cell phenotypes
and BBB integrity? What are the roles of the endo-
thelial protective effects of NBE in reduced neuro-
inflammation? In addition, the possibility that NBE-
induced endothelial protection also plays an impor-
tant role in improved cerebral blood flow needs to
be explored. There is strong evidence that rescue of
cerebromicrovascular endothelial function and resto-
ration of endothelium-mediated neurovascular cou-
pling responses in the aged mouse brain confers
significant cognitive benefits [13]. Importantly,
heterochronic parabiosis was shown to restore
endothelium-mediated vasorelaxation [7] and im-
prove brain capillarization [2] in aged mice. Em-
bracing these new insights should further enable
the field to reach an undiluted truth toward the
important role that systemic factors play in the aging
process.
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