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DETERMINATION OF AGING PHENOTYPE BASED ON THE CHANGES IN SPONTANEOUS AND INDUCED

INTERLEUKIN-6 AND INTERLEUKIN-10 PRODUCTION /N VITRO

Grechenko WV, Gromova TV =, Ogurtsova AD, Muradyan TG, Zhuravleva ER, Gankovskaya LV

Pirogov Russian National Research Medical University, Moscow, Russia
During the aging the immune system alterations are accompanied by developing the systemic, sterile inflammation: inflammaging. Successful and pathological
aging phenotypes are distinguished. Inflammaging severity depends largely on the ratio of pro- and anti-inflammatory mediators, especially IL6 and IL10. The
study aimed to conduct the analysis of IL6 and IL10 production in the cultures of the patients’ peripheral blood mononuclear cells (MNCs) as a possible approach
to determining the aging phenotype. The data of elderly patients (n = 80), senile patients (1 = 100), and centenarians (n = 30) were included in the study. Among
those the groups were allocated with the successful and pathological phenotypes, along with the comparison group (young adults). The stimulation coefficient
(SC) was assessed based on the ratio of the levels of stimulated and induced cytokine production. For the successful phenotype in elderly and senile individuals,
as well as centenarians, a decrease in the IL6 SC to 5.3 [2.2-14.3] (p < 0.01), 5.3 [3.01-7.8] (o < 0.01), 6.5 [6.2-14.1], respectively, was reported, against the
comparison group, where the value was 17.6 [13.7-31.1] (p < 0.05). With the pathological phenotype, the IL6 SC values of the studied age group showed no
significant differences from that of the comparison group. For the successful phenotype in senile individuals, the increase in the IL10 SC to 6.9 [3.8-13.8] relative
to the values of the group with the pathological phenotype — 3.3 [2.0-5.9] (p < 0.01) and the comparison group — 2.0 [1.9-2.2] (o < 0.001) was reported. In the
group of centenarians with the pathological phenotype, there was a significant increase in the IL10 SC (11.2 [5.4-18.1] vs 2.7 [2.3-6.5] p < 0.001) in the group with
successful aging, which can indicate the pronounced compensatory anti-inflammatory reserve being a factor of survival and long life in the context of the presence
of a large number of age-related disorders in this group.
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OMPEOENEHNE ®EHOTUMA CTAPEHUA NO U3MEHEHMIO CMTOHTAHHOW N UHAYLMPOBAHHOW
NMPOAYKUUN UHTEPNENKUHA-6 N UHTEPNIEMKUHA-10 IN VITRO

B. B. Ipeyerko, T. B. pomosa &, A. [1. Orypuosa, T. . MypagsH, 9. P. )Kypasnesa, J1. B. laHkoBckas

Poccuinckmin HaumoHanbHbIN MCCeAoBaTENBCKNI MEQULIMHCKIN YH1BEPCUTET nMenn H. W. Tnporosa, Mocksa, Poccus
B npoviecce cTapeHst iaMeHeHMs B IMMYHHOI CUCTEME COMPOBOXKAAIOTCS PA3BUTVEM CYICTEMHOIO CTEPUIBHOMO BOCTasieHus «<inflammaging». BelaensitoT ycneLuHbIn
1 naTonorm4eckuii (peHoTuMbl cTapeHns. CteneHb pasdeBuTus «inflammaging» BO MHOMOM 3aBVICUT OT COOTHOLLIEHWSI MPO- ¥ MPOTVBOBOCTANUTENBHBIX MEAVATOPOB,
ocobeHHo V-6 1 J1-10. Liensto nccnenoBaHiist 6110 NpoBecTy aHanmna npodykumm V-6 1 1-10 B KynsTypax MoHOHyKeapHbIx kneTtok (MHK) nepridepudeckoi
KPOBV MaLMEHTOB Kak BO3MOXXHOIO MOAXOAa ornpefeneHst (heHoTuna cTapeHst. B paboTy BritoHeHb! AaHHbIe MaLMeHTOB NOXMUIoro Bogpacta (n = 80), cTap4eckoro
BogpacTa (n = 100) n ponroxutenert (n = 30), cpean KOTOPbIX BblAeneHbl MOArPYNMbl C YCNELLHbIM 1 NaToNorMYecKM eHOoTUNamMK, a Takxke rpynnbl CPaBHEHVS
(MonogbIx nuu). MpoBoanm oLeHKy koaddrumeHTa cTuMmynsaLmm (KC) No COOTHOLLEHWIO YPOBHEN CTVIMYNMPOBAHHOM 1 CMOHTAHHOW BbIPAbOTKN LIMTOKMHOB. [Ons
yCMeLHoro heHoTHMNa B NMOXIOM, CTap4ECKOM BO3pacTe 1 Yy JonroxuTenel BbisieneHo cHkerHne KC J1-6 no 5,3 [2,2-14,3] (o < 0,01), 5,3 [3,01-7,8] (p < 0,01),
6,5 [5,2-14,1] COOTBETCTBEHHO, MO OTHOLLEHWIO K rpynne CpaBHeHWs, rae nokadarens coctasun 17,6 [13,7-31,1] (o < 0,05). Mpu natonorn4eckom eHoTune
nokasarenu KC NJ1-6 nccnefyembix BO3pacTHbIX Mpymnn AOCTOBEPHO HE OTAMYanMCh OT rpynrbl CpaBHeHWs. [ns ycnelHoro heHoTuna B CTapHeCKOM BO3pacTe
BbIsiBNeHo noebiwerne KC W1-10 go 6,9 [3,8-13,8] No OTHOLLEHMIO K YPOBHIO rpynnbl natonoruydeckoro heHotvina — 3,3 [2,0-5,9] (o < 0,01) 1 rpynnbl cpasHeHns —
2,0 [1,9-2,2] (p < 0,001). B rpynne ponroxurenern Npu Natonorn4eckoM eHoTune aHaumtensHo nosbiwanca KC W1-10 (11,2 [5,4-18,1] npotws 2,7 [2,3-6,5]
p < 0,001) B rpynne yCrneLwHOoro CTapeHusi, YTO MOXXET CBUAETENBCTBOBATL O BbIPaXKEHHOM KOMMEHCATOPHOM MPOTUBOBOCMAITENBHOM Pe3epBe, SBMSIOLLEMCS
(HaKTOPOM BbDKVBaHWS 1 AONFONETUS MPK HaMHMK BOMBLLIONO KONMMHYeCTBa BO3PaCT-aCCoOLMMPOBaHHbIX 3a001eBaHW B LaHHOW rpynne.
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An increase in life expectancy and a dramatic increase in the share
of elderly people in the structure of the population attract a lot
of interest to the studies of aging mechanisms. Aging affects all
systems of the body, including the immune system that contributes
greatly to shaping the aging trajectories. The inflammaging theory
is currently one of the key theories of aging [1]. According to this
theory, the chronic sterile low-grade inflammation is developed
during aging, which can contribute to the age-associated disorders.
Various factors, such as oxidative stress, impaired autophagy,
emergence of senescent cells, microbiota composition alteration,
inflammasome activation, etc., can cause such inflammation [2].
All the above factors lead to the increase in DAMP (damage-
associated molecular patterns) and PAMP (pathogen-associated
molecular patterns), and, therefore, to the increased production of
pro-inflammatory cytokines, chemokines. Two aging phenotypes
are distinguished based on the inflammation severity: successful
and pathological aging. Successful aging is associated with
reaching the optimal levels of physical, cognitive, and psycho-
social adaptation in the elderly. Pathological aging, in contrast,
is associated with faster aging, development of age-associated
disorders resulting in disability and decline in quality of life [3].
In this regard, the search for approaches determining the aging
phenotype is a relevant task.

There are extensive data on the cytokine system alteration
during aging in the literature [4, 5]. However, there are currently
almost no papers considering alterations of pro- and anti-
inflammatory cytokines in broad age range in terms of successful
and pathological aging phenotypes. It has been shown that the
pathological aging phenotype in senile individuals is characterized
by the increase in serum concentrations of pro-inflammatory
cytokines (IL6, TNF, IL18), while the levels of anti-inflammatory
cytokines, such as IL10 and TGF, in contrast, decrease
compared to that of young adults [6]. However, systemic
cytokine levels do not answer the question, how the immune
system cells will respond to infectious stimuli or damage, which
can be important in the context of assessing the prognosis
of the infectious disease, such as COVID-19, or the course
of the age-associated disorder. Furthermore, the levels of the
most indicative cytokines, such as IL6 and IL10, in peripheral
blood of patients showing no clinical manifestations of systemic
inflammation, are still low, literally on the lower sensitivity limit of
modern diagnostic test systems, which makes assessment
of these indicators in clinics as the diagnostic and prognostic
inflaonmaging markers rather controversial. In this regard, the
analysis of the spontaneous and induced cytokine production by
mononuclear cells (MNCs) in in vitro cultures seems to be more
informative in terms of determining the aging phenotype.

The study aimed to perform the analysis of spontaneous
and bacterial lipopolysaccharide (LPS)-induced IL6 and IL10
production in the cultures of peripheral blood MNCs from
patients of older age groups with different aging phenotypes.

METHODS

The following subjects were included in the study:
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— 80 elderly individuals (average age 68.7 + 4.3 years,
among them 53 females, 27 males);

— 100 senile patients (average age 81.8 + 5.3 years, among
them 72 females, 28 males);

— 30 centenarians (average age 92.7 + 1.7 years, among
them 21 females, 9 males).

All the patients were examined at the Geriatric Center,
Moscow Diagnostic Clinical Center No. 1.

Exclusion criteria: acute disorder or exacerbation of chronic
disorder at the time of enrollment. Inclusion criteria: subject’s
age corresponding to the studied group; availability of the
submitted informed consent to participation in the study.

To assess the aging phenotype, the comprehensive geriatric
assessment (CGA) was conducted that included evaluation
of somatic status (Charlson Comorbidity Index, CCl), physical
health (Short Physical Performance Battery, SSPB), and
cognitive functions (Mini-Mental State Examination, MMSE).
The criteria for dividing into subgroups with successful and
pathological aging are provided in the Table.

The comparison group included 25 young adults (average
age 22.4 + 2.8 years), among them 16 females and 9 males.
All the young adults enrolled had no acute or chronic disorder
at the time of enroliment, as well as no limitation of physical
functioning or cognitive impairment. Inclusion criteria: subjects
in young adulthood; availability of the submitted informed
consent to participation in the study. Exclusion criteria: acute
or chronic disorder.

Peripheral blood samples were used as biomaterial for the studly.

MNGCs for culturing were isolated from peripheral blood
on the Ficoll-Urografin density gradient medium (o = 1.077
g/cm3) [8]. The cells isolated were cultured for 24 h in the
RPMI-1640 medium (Capricorn cop., USA) supplemented with
the 20% fetal calf serum (Panexin, GMbH, Germany) at the
temperature of 37 °C and 5% CO,. The concentration of cells
during culturing was 1 x 10° cells/mL. To assess the stimulated
cytokine production, a bacterial LPS (Servicebio, China) with
the nominal concentration of 0.1 ug/mL was added to the
cells. Spontaneous cytokine production was assessed in the
cell culture not supplemented with the LPS or other stimulator.

The IL6 and IL10 cytokine concentration was determined in
the cell culture supernatant by enzyme-linked immunoassay
using the commercially available test systems (Vector-Best, Russia).

Statistical data processing was performed using the Microsoft
Excel (Microsoft Inc., USA) and GraphPad Prism 4.0 (GraphPad
Software Inc., USA) software packages. The Kruskall-Wallis
Test with the post-hoc Dunn’s Multiple Comparison Test was
used to assess the differences between the studied groups.
The intergroup differences were considered significant with the
p-value below 0.05 (significance level a = 0.05).

RESULTS
QOur findings show a significant increase in basal production

of both IL6 and IL10 in all the studied groups relative to the
comparison group of young adults, where the levels of these

Table. Criteria for dividing the studied groups into subgroups with successful and pathological aging

Elderly age Senile age Centenarians
Criteria Successful aging Pathological aging Successful aging Pathological aging Successful aging Pathological aging
CCl 2-3 4+ 7+ 4-8 9+
SSPB 11-12 1-10 9-12 0-8 8+ 0-5
MMSE 28-30 below 28 28-30 below 28 24-30 below 24*

Note: * — based on the data [7].
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Fig. 1. Spontaneous IL6 (A) and IL10 (B) production in the culture of peripheral blood MNCs of elderly individuals, senile individuals, and centenarians with different
aging phenotypes. The data are presented as the median (Me) and interquartile range, significant differences between aging phenotypes within the studied age groups:
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cytokines were 12.5 [7.7-23.2] pg/mL and 1.4 [0.8-2.2] pg/mL,
respectively (Fig. 1). Furthermore, the IL-6 levels that are
elevated compared to the successful phenotype are also
typical for elderly and senile individuals in the subgroups
with pathological aging phenotype (Fig. 1A). Thus, in elderly
individuals with the pathological aging phenotype, the levels
of spontaneous IL6 production reached 289 [138-437] pg/mL,
while that reported for the successful phenotype were
84.8 [19.4-232] pg/mL; in senile age, these were 377
[225-624] pg/mL for the pathological aging phenotype and
163 [97.3-319] pg/mL for the successful phenotype,
respectively. No significant differences between phenotypes
were reported for the group of centenarians. At the same time,
the increase in the IL10 cytokine levels to 41.1 [18.5-58.1] pg/mL
compared to the successful phenotype (13.2 [7.3-27.9] pg/mL)
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was typical for the pathological phenotype in the group of
elderly individuals. Only the upward trend of IL10 levels was
reported for the group of senile individuals (Fig. 1B).

In addition to assessment of spontaneous cytokine
production by the peripheral blood MNCs, the cells were
stimulated with the bacterial LPS. Such an approach can be
considered as the method to assess potential pro- and anti-
inflammatory activity of the innate immunity cells.

The stimulated IL6 production is increased in all groups,
it shows the same general pattern of changes, as the
spontaneous production (Fig. 2A).

However, the IL10 measurement results were more
interesting (Fig. 2B). Thus, the subgroup of senile patients
with successful aging showed the significantly (o < 0.05)
higher levels (117.3 [61.3-318.2] pg/mL) compared to the
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Fig. 2. LPS-induced IL6 (A) and IL10 (B) production in the culture of peripheral blood MNCs of elderly individuals, senile individuals, and centenarians with different
aging phenotypes. The data are presented as the median (Me) and interquartile range, significant differences between aging phenotypes within the studied age groups:
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subgroup with the pathological phenotype, where the values
were 57.4 [10.8-172.3] pg/mL. No significant differences
in IL10 production were revealed in the elderly patients and
centenarians with different aging phenotypes.

For better interpretation of these data as an integral indicator
of the spontaneous and stimulated cytokine production, the
stimulation coefficient (SC) was used, representing the ratio
of the stimulated cytokine production to its spontaneous
production by peripheral blood MNCs. This coefficient can be
considered as an indicator that the cells are ready to produce
pro- and anti-inflammatory cytokines in response to PAMP and
DAMP [9]. The increase in the SC of this or that cytokine can
indicate the increased readiness to cytokine production, while
the decrease can indicate the decreased readiness.

The SC for IL6 (SCIL-6) reaches its maximum in the
comparison group — 17.6 [13.7-31.1] (Fig. 3A), which
suggests high cell reactivity in young adulthood. Furthermore,
successful aging phenotype demonstrates a significant
SCIL-6 decrease with age, which reflects the immunoaging
adaptive nature. In elderly individuals, the SCIL-6 values were
5.3 [2.2-14.3], in senile individuals these were 5.3 [3.01-7.8],
in centenarians these were 6.5 [5.2-14.1]. Despite the fact
that SCIL-6 demonstrates a downward trend in the elderly and
senile individuals with the pathological phenotype, it shows no
significant differences from that of young adults and remains
significantly increased relative to the indicator reported for the
successful phenotype. Centenarians represent a special group,
where the presence of the age-associated disorder did not
prevent longevity; the most prominent SCIL-6 decrease was
reported for centenarians with both successful and pathological
aging phenotypes. The SC for IL10 (SCIL-10) demonstrates
the opposite changes (Fig. 3B). With age, the increase in this
indicator was observed compared to the group of young adults,
where it was 2.0 [1.9-2.2]. However, in elderly individuals, no
significant differences compared to young adults or between
the aging phenotypes are observed. Given high readiness
for IL6 production by the cells in individuals of this age with
pathological aging, this can be interpreted as imbalance in pro-
and anti-inflammatory signals, which represents the sign of the
developing inflammaging [10]. In senile age, such imbalance
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is much more prominent: multidirectional SC changes in the
groups with successful and pathological aging are reported for
IL6 and IL10. In the subgroup with successful aging, SCIL-10
was increased to 6.9 [3.8-13.8] vs. 3.3 [2.0-5.9] revealed in
individuals with the pathological aging phenotype. In the group
with pathological aging, SCIL-6 turned out to be increased —
13.2 [7.4-25.3] vs. 5.3 [3.01-7.8] in the subgroup with
successful aging. In the group of centenarians, SCIL-10 was
significantly increased in the subgroup with pathological aging
(11.2 [56.4-18.1]), while in individuals with successful aging the
value was 2.7 [2.3-6.5], it did not differ from the value of the
comparison group.

Study limitation

This study did not consider the impact of gender on the
findings, as well as the impact of the presence of certain age-
associated disorders in patients of the studied groups.

DISCUSSION

Numerous studies of systemic cytokine levels show that
elevated concentrations of pro-inflammatory cytokines, such
as IL1b, TNF, IL18, and IL6, in blood are associated with
geriatric syndromes, such as senile asthenia, sarcopenia,
etc. [11], as well as with the more severe course of the age-
associated disorder and in some cases with the risk of death
[12]. Furthermore, the available data on anti-inflammatory
cytokines are less informative. As for IL10, it is well known that
the increase in IL10 levels is not associated with the presence
of disorders or geriatric syndromes [13].

According to the research, elevated systemic levels of anti-
inflammatory cytokines IL10 [14] and TGF-B [15] (compared
to senile individuals) are typical for centenarians; our previous
findings are also in line with these data [2]. However, these data
are hardly applicable for the elderly and senile age groups,
since the levels of anti-inflammatory cytokines turn out to be
low and show no relationship with the age-associated disorder.

A slow increase in pro-inflammatory cytokine levels that
is asymptomatic and referred to as low-grade inflammation is
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typical for inflammaging. At the same time, the development
of infectious disease or exacerbation of chronic non-
communicable disease results in the fact that the inflammatory
response reaches the clinically significant level. However, the
immune system reactivity is commonly not assessed in such
situations. Assessment of the IL10 and IL6 production in vitro
can be considered as assessment of such reactivity.

The increase in spontaneous IL10 and IL6 production in
MNC cultures in vitro in individuals of older age groups relative to
young donors can be interpreted as the fact of pre-stimulation
of cells at the organism level resulting from the increase in the
PAMP and DAMP circulating molecular patterns [16]. This is in
line with the available literature data. In particular, it has been
shown that both basal and stimulated TNF production by the
peripheral blood cells increases with age [17]. Such stimulation
is more prominent in elderly and senile individuals with the
pathological aging phenotype. In the group of elderly individuals,
a significant increase in IL10 levels also attracts attention,
which can be considered as a compensatory response that
inhibits pro-inflammatory activity. No significant differences in
spontaneous cytokine production have been revealed in the
group of centenarians with different phenotypes.

LPS stimulation of cells leads to the increased production
of both IL6 and IL10 in all age groups, exceeding the
cytokine levels of young individuals under the same conditions.
However, the pathological aging phenotype is characterized
by higher IL6 compared to the successful phenotype even in
elderly individuals, which suggests the onset of inflammaging
and setting an unfavorable trajectory of the aging process [18].
In senile individuals with the pathological phenotype, these
manifestations are complemented by the decreased stimulated
IL10 production relative to the successful aging phenotype.

The analysis of the SC as an integral indicator reflecting
cell reactivity during cytokine production shows that with the
successful aging phenotype all the older age groups, including
centenarians, show the SCIL-6 decrease compared to young
individuals. This can be considered as a favorable adaptive
process that accompanies aging and shows that, despite
the general increase in basal IL6 production, the readiness
for further pro-inflammatory activity is limited, which inhibits
inflammaging. While the lack of reactivity or insufficient decrease
in reactivity in relation to IL6 production with age suggests
unfavorable course of aging. Furthermore, SCIL-10, indicating
readiness for IL10 production, in contrast, shows an upward
trend with age. Despite the fact that no significant differences
in SCIL-10 between aging phenotypes and compared to young
adults have been reported for elderly people; in senile age,
elevated SCIL-10 indicates the successful aging phenotype.

It has been noted that centenarians represent a special group,
where we see a significant SCIL-10 increase specifically in the group
with pathological aging, which can play a role of counterweight to
the inflammaging processes in this group being one of possible
factors associated with the longevity of these people [4]. Thus, we
can say that a successful aging trajectory looks like the decreased
readiness to IL6 production and increased readiness to IL10
production. Similar data were obtained for the long-living model
rats, in which the increase in basal and stimulated IL10 expression
by peritoneal macrophages was revealed, while similar IL6 levels
and levels of other pro-inflammatory cytokines were lower, than in
senile animals of control lineages [19].

Senile age is likely to be a critical period, when imbalance
of pro- and anti-inflammatory factors, that has emerged in the
elderly, results in severe manifestations of the pro-inflammatory
aging phenotype [20, 21], such as rapid development of the
age-associated disorder and aging manifestations affecting
both physical performance and cognitive functions.

Despite the fact that the increased anti-inflammatory
activity, specifically that related to IL10, can be a risk factor
of both infectious diseases and cancer, it is of positive nature,
since it is an inflammaging inhibitor. Thus, pro- and anti-
inflaonmatory cytokines demonstrate their dual nature, serving
as both protective and pathogenetic factors. Inflammation
is a key component of immune responses to a pathogen.
However, excess inflammation can result in numerous non-
communicable diseases and increase the associated mortality
rate. In terms of evolution, the immune system is optimized
to fight infections in young adulthood, when pro-inflammatory
responses are critical for survival. However, in the later age
period excess inflammation becomes a risk factor of age-
associated disorders, while inflammation limitation involving
the anti-inflammatory cytokine system can contribute to
longevity.

CONCLUSIONS

The aging process is accompanied by various changes in the
body, including the immune system alterations. The immune
system aging and inflammaging represent two inseparable
processes inevitably launched in the body with age. Depending
on external environmental factors and genetic predisposition,
these shape the course of senility. If the body continues to
adequately respond to external and internal danger signals
(PAMP and DAMP) during aging and the associated changes
in the innate immune system, then we can talk about the
successful aging type, which in turn is accompanied by the
anti-inflammatory status predominance, which compensates
for excessively enhanced inflammatory activity. In the case
where the threshold of adequate response is overcome, and the
body responds with excessive production of pro-inflammatory
mediators, without compensating for this with anti-inflamsnmatory
components, a pathological type of aging develops. We have
developed an approach to the aging phenotype assessment
based on determination of the stimulation coefficient
representing the ratio of the stimulated cytokine production by
peripheral blood MNCs to the spontaneous production. This
coefficient can be considered as an indicator of inflammaging.
The decrease in SC of IL6 with the increase in SC of IL10 was
reported in the elderly and senile individuals with the successful
aging phenotype. In the group of centenarians with the
pathological aging phenotype, a significantly increased SC of
IL10 was reported, which suggests a large compensatory anti-
inflamsnmatory reserve being the factor of survival and longevity
in polymorbid individuals.

Functional assessment of the innate immunity cell pro-/anti-
inflamnmatory activity can provide the basis for the personalized
approach to prevention of age-associated disorders focused
on maintaining adequate conditions of the external and internal
environment, careful inflammation suppression, including
pharmacological suppression, and shapes the possibility of
active longevity.
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