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Social requirements are needed for living in an aging society 
and individual longevity. Among them, improved health and 
medical cares, appropriate for an aging society are strongly 
demanded. Human cord blood-derived plasma (hUCP) has 
recently emerged for its unique anti-aging effects. In this study, 
we investigated brain rejuvenation, particularly olfactory 
function, that could be achieved by a systemic administration 
of young blood and its underlying mechanisms. Older than 
24-month-old mice were used as an aged group and 
administered with intravenous injection of hUCP repetitively, 
eight times. Anti-aging effect of hUCP on olfactory function 
was evaluated by buried food finding test. To investigate the 
mode of action of hUCP, brain, serum and spleen of mice 
were collected for further ex vivo analyses. Systemic injection 
of hUCP improved aging-associated olfactory deficits, reducing 
time for finding food. In the brain, although an infiltration of 
activated microglia and its expression of cathepsin S 
remarkably decreased, significant changes of proinflammatory 
factors were not detected. Conversely, peripheral immune 
balance distinctly switched from predominance of Type 1 
helper T (Th1) cells to alternative regulatory T cells (Tregs). 
These findings indicate that systemic administration of hUCP 
attenuates age-related neuroinflammation and subsequent 
olfactory dysfunction by modulating peripheral immune 
balance toward Treg cells, suggesting another therapeutic 
function and mechanism of hUCP administration. [BMB 
Reports 2019; 52(4): 259-264]

INTRODUCTION

Sense of smell is an essential sensory element for our daily life 
associated with survival and an important sense mediated with 
sensors related to flavor and memories. Functional impairment 
of the olfaction has significant impact on our safety, and 
physical and mental well-being. With other sensory systems, 
sense of smell declines with age affecting more than half of 
individuals between age 65 and 80 (1). Interestingly, severe 
olfactory deficits are often observed in early symptoms for 
several neurological disorders, including Alzheimer’s disease 
(AD) (2) and Parkinson’s disease (PD) (3), suggesting olfactory 
dysfunction as an early sign of neurodegeneration (4). Despite 
clear evidence on age- and neurodegeneration-related reduced 
olfactory function, pathological basis has not been explained 
and remains elusive. 

Recently, there has been an emerging approach to 
understanding the relatively unappreciated communication 
that exists between the brain and systemic environment by 
uncovering regenerative activity in young blood with 
translational implications for aged liver, muscle, brain and 
other organs (5). In the brain, age-associated plasma 
chemokine GDF11 has been reported to increase neurogenesis 
in aged mice (6) while CCL11 is revealed to impair young 
brain function (7). Young blood including hUCP, reported to 
contain youth-associated proteins, such as TIMP2, GDF11, 
oxytocin, osteocalcin and Growth Hormone-Releasing 
Hormone (GHRH), play unique roles for mediating anti-aging 
effects within specific organs. Young blood-mediated 
rejuvenation restores levels of remyelination of oligodend-
rocytes at the lesion site of aged spinal cord (8). It has been 
suggested that restoration mediated by peripheral expression 
of rejuvenation factors in a tissue-specific manner could 
improve brain functions and this possibility warrants further 
research (5). Given these therapeutic potentials, hUCP is 
currently in AMBAR (Alzheimer’s Management by Albumin 
Replacement) and PLASMA (PLasma for Alzheimer’s SymptoM 
Amelioration) clinical trials.
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Fig. 1. Old mice represent aging-related phenotypes. 12-week-old 
mice and older than 24-month-old mice were used for in vivo 
experiments. (A) Gross images of young and aged mice. (B) 
Protein expression level of MKP-1/DUSP1 and p16INK4a in the 
spleen of mice was determined by Western blot analysis. (C) 
Secretion level of IFN-, IL-6, MCP-1 and TNF in the serum of 
mice was determined by CBA analysis. n = 4-6 mice per group. 
*P ＜ 0.05, **P ＜ 0.01, ***P ＜ 0.001. Results are shown as 
the mean ± SEM.

Fig. 2. hUCP improves the olfactory function by attenuating the 
activation of microglia. Aged mice were intravenously injected with 
175 l of hUCP every three days for total eight times and 
neurological functions were addressed. (A) A stacked bar graph for 
the time-consuming pattern (left) and scattered dot graph of total 
elapsed time to find the buried food (right). (B) The level of 
microglial Iba1 expression in the OB of mice were evaluated using 
immunohistochemistry. Bar = 50 m. (C) Quantification of Iba1＋

cells and their fluorescent intensity. n = 7-12 mice per group. *P 
＜ 0.05, ***P ＜ 0.001. Results are shown as the mean ± SEM.

Senescent cells are accumulated in tissues with age and 
display a senescence-associated secretory phenotype (SASP) 
that contribute in progress of aging through a non-cell 
autonomous mechanism (9). Increase of SASP-expressing 
senescent cells of non-neuronal origin from the brain is well 
reported in aging and age-related neurodegenerative diseases 
(10). 

In this study, we investigated if systemic administration of 
hUCP could reverse age-related neuroinflammation and 
olfactory dysfunction and its underlying mechanisms.

RESULTS

Aging leads to degenerative changes and secretion of 
proinflammatory cytokines as SASP
The aging process accompanies several degenerative changes 
in normal physiological functions including hearing, smelling, 
growth of hair and immune response (11). Along with previous 
studies, we observed alopecia on back region of aged mice by 
gross examination (Fig. 1A). To confirm aged phenotype of old 
mice, we investigated expression level of aging biomarkers, 
MKP-1/DUSP1 (12) and p16INK4a (13). Expression level of 
MKP-1 and p16INK4a increased in the spleen of aged mice (Fig. 
1B). We additionally observed robust fat deposition, one of the 
aging-related physiological changes, in a peritoneal cavity of 
aged mice. Senescent cells secrete proinflammatory cytokines 
and chemokines developing SASP (14). We next measured 
serum level of IFN-, IL-6, MCP-1 and TNF secretion. Level of 
proinflammatory cytokines was significantly increased in the 
serum of aged mice (Fig. 1C). These results suggest that old 

mice express aging-related physiological changes and 
increased secretion level of proinflammatory cytokines as 
SASP.

hUCP alleviates aging-mediated olfactory dysfunction by 
suppressing the activation of microglia
Aging impairs neurogenesis and stimulates microgliosis 
causing disorders in cognitive functions including learning and 
memory (7, 15). In addition, olfactory function declines in the 
process of aging (16). It is reported that systemic 
administration of hUCP improved aging-related impairments 
in cognitive function (7, 15). To assess if hUCP restores 
olfactory dysfunction in aged mice, we conducted the buried 
food finding test. Young mice found the buried food within 
three minutes and more than 50% of the mice started to eat 
the buried food within one minute. Conversely, five (of seven) 
aged mice failed to find the buried food within three minutes. 
However, latency was remarkably resolved by a systemic 
injection of hUCP (Fig. 2A and Supple. Vid. 1 to 3; 1:Young, 
2:Old, 3: Old-hUCP). Activation of microglia is detrimental for 
the olfactory bulb (OB) to function normally (17). We next 
examined activation of microglia by evaluating Iba1 
expression in OB of young, aged and hUCP-injected aged 
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Fig. 3. hUCP recovers the microglial expression of cathepsin S in 
OB and TNF- induces microglial activation. Aged mice were 
intravenously injected with 175 l of hUCP every three days for 
total eight times and microglial activation was addressed. (A) The 
level of cathepsin S in the OB was measured by Western blot 
analysis. (B) After indicated treatments, expression level of 
cathepsin S on BV-2 cells was measured by Western blot 
analysis. (C) The level of IFN-, IL-6, MCP-1 and TNF in serum 
of mice was measured by CBA analysis. n = 4 mice per group. 
*P ＜ 0.05, **P ＜ 0.01, ***P ＜ 0.001. Results are shown as 
the mean ± SEM.

Fig. 4. hUCP suppresses age-related increase of peripheral inflam-
mation through modulation of immune balance between Th1 and 
Treg cells. Aged mice were intravenously injected with 175 l of 
hUCP every three days for total eight times and systemic immune 
functions were addressed. (A) Representative gross images and 
size of the spleen. (B) Gene expression level of IFN-, TNF-, 
TBX21 and IL-10 was determined by qRT-PCR. (C) Population of 
CD4＋CD25＋FoxP3＋ cells in spleen was analyzed by flow 
cytometric analysis. n = 5-6 mice per group. *P ＜ 0.05, **P ＜
0.01, ***P ＜ 0.001. Results are shown as the mean ± SEM.

mice. In the OB of aged mice, the number of Iba1＋ cells and 
intensity of cells significantly increased. Infiltration of Iba1＋ 
cells and intensity of cells were retrieved by intravenous 
injection of hUCP (Fig. 2B and C). Together, aging-mediated 
impairment of olfactory function is alleviated by hUCP 
infusion that inhibits microglial activation.

Systemic administration of hUCP inhibits TNF--mediated 
microglial activation by regulating expression of cathepsin S
Cathepsin S contributes to microglia-mediated olfactory 
dysfunction through activation of the immune system in the 
brain (18). To determine if activation of microglia in the brain 
of aged mice could be attenuated by systemically infused 
hUCP, we determined expression level of cathepsin S in the 
OB of mice by Western blot analysis. Consistent with previous 
results, expression level of cathepsin S significantly increased 
in aged OB. Importantly, activation of cathepsin S was 
restored by hUCP injection (Fig. 3A). Factors that influence 
brain aging remain unclear. To address these issues, we next 
treated BV-2 microglial cells (Fig. S1) with IFN-, IL-6, MCP-1 
and TNF- to assess which cytokine caused neuro-
inflammation. All cytokines did not reveal significant change 
but only TNF- increased level of cathepsin S expression of 
BV-2 cells (Fig. 3B). In addition, activation of BV2 cells 
verified by increased secretions of NO, MCP-1, IL-6 and TNF 
(Fig. S2). However, we did not detect immunologic changes 
including the level of TNF- in aged OB by hUCP infusion 
(data not shown). Modulation of peripheral immune response 
can protect the brain from various neurologic risks (19, 20). To 
determine if administration of hUCP attenuates systemic 
proinflammatory immune milieu, we measured the secretion 

level of proinflammatory cytokines in the serum of mice. 
Aging-related increased secretion of IFN-, IL-6, MCP-1 and 
TNF remarkably recovered in the serum after systemic 
administration of hUCP (Fig. 3C). Together, hUCP has a role in 
inhibiting activation of microglia in OB by suppressing 
indirectly age-related increase of TNF-. 

Administration of hUCP resolves systemic inflammation in 
aged mice via promotion of Treg cells and IL-10 secretion
We further investigated if hUCP infusion could alter immune 
cell composition in spleen. Spleen of aged mice significantly 
enlarged and age-induced splenomegaly recovered by 
systemic infusion of hUCP (Fig. 4A). Gene expression level of 
IFN- and TNF-, crucial factors for proinflammatory function 
of T helper type 1 (Th1) cells, increased in spleen of aged 
mice. Increased level of IFN- and TNF- was dramatically 
retrieved by hUCP infusion (Fig. 4B). Similar to previous 
results, transcription factor T-Box (TBX) 21 was highly 
expressed in aged mice and expression decreased by injection 
of hUCP (Fig. 4B). IL-10 prevents age-related inflammation and 
production is dysregulated with aging. In the same context, 
expression level of IL-10 declined in the spleen of aged mice. 
In addition, hUCP-infused mice presented significantly 
increased gene expression level of IL-10 (Fig. 4B). We further 
assessed a proportion of most prominent IL-10 producing cells, 
CD4＋CD25＋FoxP3＋ Treg cells in the spleen. As expected, the 
proportion of CD4＋CD25＋FoxP3＋ Treg cells markedly 
increased in the spleen of hUCP-injected mice compared to 
young and aged mice (Fig. 4C). Findings indicate that 
systemically infused hUCP exerts anti-inflammatory effects by 
regulating immune balance between Th1 and Treg cells. 
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DISCUSSION

Recently, diverse strategies, including an application of cord 
blood-derived plasma, have been proposed to attenuate 
aging-associated functional disorders. Most of the studies 
focused on elucidating an anti-aging effect of developed agents 
or investigating the therapeutic mechanism only in a 
neurological aspect. In this study, we have demonstrated that 
the injection of plasma isolated from umbilical cord blood 
suppressed neuroinflammation and restored olfactory 
dysfunction by modulating systemic immune milieu.

In the aging process, senescent cells in the body display 
distinctive secretory phenotype, namely SASP, that secretes 
robust amount of proinflammatory cytokines (21). Consistent 
with previous studies, we determined the level of re-
presentative proinflammatory cytokines, IFN-, IL-6, MCP-1 
and TNF significantly increased in the serum of aged mice. In 
addition, we also confirmed aged phenotype by detecting 
upregulated expression level of aging biomarker, MKP-1/DUSP1 
in spleen of old mice. Although MKP-1/DUSP1 protects brain 
tissues against neuroinflammation (22) and regulate pro- and 
anti-inflammatory responses (23), it conversely plays a critical 
role in proliferation and activation of T cells (24). It suggests 
that age-related upregulation of MKP-1/DUSP1 in spleen may 
be related to increased production of proinflammatory 
cytokines.

Aging of the brain exhibits diverse neurodegenerative 
changes related to cognitive deficits, learning disability and 
dementia (25). Among these uncomfortable changes, olfactory 
dysfunction is an important indicator because every process 
involved with proliferation, maturation, integration and 
apoptosis of olfactory neurons should be fine-tuned to provide 
olfactory function (26). We previously explained microgliosis 
contributed to progression of olfactory deficits in Niemann 
pick type C1 mice by increasing neuronal apoptosis (17). In 
this study, we extend our finding of microglial dysregulation 
on the aged mice to explain age-related decline of olfaction. 
To reverse aging-associated olfactory dysfunction, we used the 
systemic injection of hUCP and achieved similar results. It has 
been demonstrated that hippocampal function could be 
revitalized by administration of hUCP by Wyss-coray group 
(15). Additionally, hUCP stimulates neurogenesis in the aged 
brain (27). Similar to previous studies, hUCP could ameliorate 
age-related olfactory deficits.

Immune system undergo a shift to a mild, but chronic 
inflammatory state, wherein secretion of TNF- and IL-1 is 
increased in the CNS, by aging (28). As microglia participate 
as a specialized immune cell of the CNS, these age-associated 
alterations in proinflammatory cytokines may impair the 
normal functional role of microglia. Upregulated activation 
markers including MHC II, CD86 and TLRs, nucleotide- 
binding oligomerization domain-like (NOD)-like receptors are 
examined in aged microglia (29). As the brain ages, microglia 
become more inflammatory and resistant to anti-inflammatory 

signals (30). Consistent with these studies, we found that the 
number of Iba1-activated microglia significantly increased in 
the aged brain and microglial activation was restored by 
systemically injected hUCP. 

To explore specific mechanism underlying the anti- 
inflammatory effect of hUCP, we investigated expression level 
of cathepsin S in the brain and microglia cell. Cathepsin S, a 
member of the cysteine cathepsins, has an important function 
associated with the MHC class II molecule affecting bone 
marrow derived antigen presenting cells such as dendritic 
cells, macrophages and B cells (31). In the aged brain, the 
level of cathepsin S is also increased in a number of cathepsin 
S-expressing cells including microglia (32). Increased 
cathepsin S level in the aged brain could strongly effect 
olfactory deficits and other microglia-dependent neuropathies. 
In recent studies associated with brain pathogenesis, evidence 
suggests that cathepsin S plays a major role in inflammatory 
processes. In our previous study, we suggested cathepsin S as 
a key regulator in development of microglial neurotoxicity 
(18). Activated microglia release cathepsins to induce neuronal 
death through degradation of extracellular matrix proteins (33). 
As expected, we determined that upregulated expression of 
cathepsin S in the aged brain was resolved by hUCP. More 
interestingly, BV-2 microglial cells only responded to TNF-, 
but not the other treatments, resulting in expression of 
cathepsin S. Although many studies have suggested that 
excessive TNF- expression was involved in neuro-
degenerative disorders, we couldn’t identify significant 
immunologic changes including TNF- expression in the 
brain.

Of note, peripheral immune system and CNS are closely 
connected and reciprocally cooperated to maintain a 
homeostasis (34). In addition, neurological functions such as 
stress, pain and cognition could be influenced by peripheral 
immune response (35). Among proinflammatory cytokines, 
peripheral administration of TNF- can induce neuro-
inflammation and functional disorders (36). Systemically- 
injected anti-TNF reagent ameliorates cerebral neuro-
degeneration (19). In this study, we also demonstrated that 
systemic administration of hUCP suppressed TNF- secretion. 
Progressive deterioration of immune function is the 
well-defined phenotype of human aging (37). Although IL-10 
plays a crucial role in resolution of aging-associated 
inflammation (38), production and secretion of IL-10 are 
dysregulated with aging (39). Additionally, it has been clear 
that Treg cells with functional disorder accumulate in the 
organs of aged individuals and the balance between immune 
effector cells such as Th17 cells and regulatory cells is 
disturbed (40). According to our results, the IL-10 expression 
and infiltration of Treg cells markedly increased after hUCP 
transfusion. It illustrates that systemic administration of hUCP 
recovers the function of Treg cells and stimulated cells to 
secrete an anti-inflammatory cytokine, IL-10 to inhibit Th1 
response and consequent TNF- secretion. With this potential, 
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hUCP may be administered to other diseases, that present 
dysregulated cytokine network and immune balance. 

Together, this study revealed that systemic application of 
hUCP suppressed microglial activation by regulating 
peripheral immune balance between Th1 and Treg cells, 
consequently alleviated olfactory dysfunction mediated by 
senescence-related neuroinflammation. 

MATERIALS AND METHODS

Animals
Animal experiments were conducted in accordance with 
approved guidelines of Seoul National University Institutional 
Animal Care and Use Committee (IACUC No. SNU-180430-6). 
Male C57BL/6 mice (Orientbio, Sungnam, Republic of Korea) 
were housed in the animal facility of Seoul National 
University. Young (12-week-old) and aged (older than 
24-month-old) mice were used for experiments. After 
intravenous application of hUCP, neurological function of 
mice was assessed. The mice did not represent immune 
rejection-related signs, including sudden death, weight loss 
and inflammation, caused by a xenotransplantation. After the 
mice were anesthetized, brain, spleen and blood samples were 
collected for more ex vivo examinations.

Isolation and injection of hUCP
All experiments involved in hUCP were approved by 
Institutional Review Board (IRB) of the Boramae Hospital and 
Seoul National University (IRB No. 1707/003-006) with 
informed maternal consent. Injection and isolation of hUCP 
followed Castellano and colleague’s method (15). Briefly, cord 
blood was collected immediately after birth and centrifuged at 
1,000 g for 10 minutes at 4oC for isolation of plasma. Isolated 
plasma was stored aliquots at −80oC until treatments. 175 l 
of hUCP was administered intravenously every three days for 
total eight times.

Buried food finding test
The buried food test was used to evaluate olfaction on young 
and old mice. Mice from young and old experimental group 
were fasted for 24 hours before the test. Before the nasal test, 
the mice were individually habituated for 10 minutes in a new 
cage with fresh bedding. While the mice were going through 
habituation step, a piece of standard chow (1 × 1 cm) was 
buried under the bedding in the middle of a new test cage 
with a depth of 0.5 cm. After the habituation step, the subject 
was placed in the left corner of the test cage and allowed to 
move freely to find the hidden food for three minutes. During 
the test, all activities including digging and sniffing were 
recorded until the mouse discovered the standard chow. After 
the test, each of the mice were placed on the bedding with 
food placed on the top (exposed food test) to ensure the buried 
food test was based on olfaction and not on visual ability.

Statistical analysis
Mean values of all results were expressed as the mean ± SEM. 
Statistical analyses were conducted using Student’s 2-tailed 
t-test or one-way ANOVA followed by Bonferroni post-hoc test 
for multigroup comparisons using GraphPad Prism version 5.0 
(GraphPad Software, San Diego, CA, USA). Statistical 
significance is indicated in the figure legend.
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