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ABSTRACT. Interleukin-6 (IL-6) is a pleiotropic inflammatory cytokine, also endowed with inflammation-
inhibiting properties. The status of interleukin-10 (IL-10) as an anti-inflammatory cytokine is more solidly
established. The roles of IL-6 and IL-10 in the context of organ physiology, and their possible modulation by the
aging process, are not satisfactorily understood. The purpose of this work was to characterize organ IL-6 and
IL-10 expression in different cellular compartments in mice, under steady-state and stress conditions. The former
was evaluated by immunohistochemistry (IHC) and enzyme-linked immunosorbent assay (ELISA) analyses of
organ lysates (LYS) (addressing the intracellular compartment), while the latter was assessed by ELISA analyses
of organ-conditioned media (CM), obtained after 48 hrs of organ culturing (addressing the potential of cytokine
secretion/diffusion). Under steady-state conditions, the overall level of IL-6 and IL-10 expression was relatively
low in both age groups (exceptionally, IHC staining demonstrated an enhanced expression of these cytokines in
the heart, skeletal muscle and brain of young mice). Much more elevated levels of IL-6 and IL-10 expression were
demonstrated in organ CM, possibly emphasizing the role of these cytokines in the context of organ stress. This
was most characteristically shown in the highly specialized organs (heart, skeletal muscle and kidney) and liver
of old mice, as compared with the other lymphoreticular organs (lungs, spleen, small intestine) tested. Thus, IL-10
was markedly upregulated in the highly specialized organs, while IL-6 was considerably reduced in the
lymphoreticular organs. In addition, aging appears to be associated with altered patterns of intracellular
expression and secretion/diffusion potentials of IL-6 and IL-10 in the heart and skeletal muscle, as demonstrated
by reduced IHC staining on one hand, and an increased detection in organ CM, on the other. These findings may
contribute to a better understanding of the unique functions of organ IL-6 and IL-10 in various age groups, and
suggest an important role in organ response to stress in old age.
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Interleukin-6 is a pleiotropic, variably glycosylated cytok-
ine involved in the regulation of immune responses
and hematopoiesis [1-3]. IL-6 potentiates various
immune/inflammatory functions, such as differentiation/
proliferation or activity of B cells, macrophages, T cells
and natural killer (NK) cells [1-3]. IL-6 also emerges as
playing a dominant role in the elicitation of the acute phase
response [4] and as an anti-inflammatory and immunosup-
pressive cytokine, including specific inhibition of
interleukin-1 (IL-1) and tumor necrosis factor (TNF) syn-
thesis and activity [2, 5]. IL-6 has also been described as
influential in embryonic development and cardiogenesis
[6] thumor growth modulation [7-9], downregulation of
apoptosis/enhancement of cell survival [10-15], promo-
tion of haemostasis [16] and organ protection against vari-
ous destructive insults [17-19]. The specific activity of
IL-6 is ultimately determined by the interactions of the
IL-6 molecule with soluble IL-6 receptors (IL-6R) and
gp130, and the distinct activation by these complexes of
the cellular IL-6R/gp130 receptor system [20-21].

Interleukin-10 has been described so far as an inhibitory
cytokine, produced by the Th2 subset of CD4 + helper
cells, activated B cells, Th1 cells (in humans), activated
macrophages and non-lymphocytic cell types, e.g. kerati-
nocytes [22]. Its main immunosuppressive activity has
been related to its ability to downregulate T-cell-mediated
cellular immune inflammation through inhibition of vari-
ous immune functions of the macrophage, and downregu-
lation of proinflammatory cytokine expression/activity
[22]. Recently, the spectrum of biological activities medi-
ated by IL-10 has expanded to include antitumor effects
[22], the induction of acute-phase proteins [22], inhibition
of apoptosis [23-25] and stimulation of proliferation of
different cells, such as keratinocytes, cytotoxic lympho-
cytes, NK and B cells [22, 63].
The physiological roles of IL-6 and IL-10 in organ homeo-
stasis and defense are not fully understood. IL-
6 expression has been widely detected in organs. In this
context, we have shown that IL-6 expression is more
pronounced in organs characterized by highly specialized
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functions and increased vulnerability (heart, skeletal
muscle, kidney and brain) [26]. The possible mediation by
IL-6 of tissue-protective mechanisms operating under or-
gan stress has been further substantiated in the heart and
skeletal muscle [27-29].
IL-10 has been described in several tissues/organs, such as
the heart, skin and mucosal epithelia, usually upon stimu-
lation with pro-inflammatory agents or in disease [30, 31].
Its homeostatic role in the gastrointestinal tract, for ex-
ample, is inferred from the emergence of severe gas-
trointestinal inflammation and colon cancer in IL-10-
knock-out mice [32, 33]. Also, endogenous IL-10 may be
cardioprotective [34].
An unambiguous concept of the roles played by organ IL-6
and IL-10 in old age physiology is lacking. Thus, appar-
ently conflincting downregulation [35] and elevation [36]
of IL-6 expression is reported with aging. Likewise, con-
trasting elevated or lowered IL-10 expression is depicted in
old age [37, 38].
As the pleiotropic cytokines IL-6 and IL-10 are unique in
their capability to both mediate and tightly regulate impor-
tant defensive functions in the body, it was of interest to
jointly assess their pattern of organ distribution in both
young and old age groups. We used ELISA and immuno-
histochemistry to analyze the organ expression of these
cytokines in different cellular compartments and under
distinct conditions, aiming to better understand the physi-
ological roles of IL-6 and IL-10 in organ homeostasis and
under stress. This may be of special importance in old
animals, as dysregulation in organ expression of these
cytokines may pertain to various organ pathologies ob-
served in senescence.

MATERIALS AND METHODS

Mice

C57BL/6 mice were bred under conventional, non-SPF-
conditions at the animal facilities of the Faculty of Health
Sciences, Ben-Gurion University of the Negev, Beer-
Sheva, Israel. Eight-to-ten week-old female mice repre-
sented young mice, whereas 24-26 month (108-118 wks)-
old female mice represented old mice. Routine periodical
examination of the mice for common pathogens, per-
formed in our animal facilities, including histological or-
gan sections, showed no evidence of infection. Similarly,
excised organs used in the experiments underwent thor-
ough histopathological evaluation, which disclosed pre-
served tissue architecture and no signs of infection.

Recombinant cytokines and anti-cytokine antibodies

Murine rIL-6 and rIL-10, rat anti-mouse monoclonal anti-
bodies to IL-6 and IL-10, and biotinylated rat anti-mouse
monoclonal antibodies to IL-6 and IL-10 were purchased
from Pharmingen, San Diego, CA, USA.

Analysis of IL-6 and IL-10 expression in organs

IL-6 and IL-10 organ expression was assessed by IHC in
tissue sections and ELISA of organ LYS and CM obtained
from organ culture.
The organ intracellular expression of these cytokines can
be approximated at steady-state conditions through IHC

staining (indicating the type of cytokine-producing cell
and cytokine compartmentalization within it), and ELISA
of tissue homogenates obtained immediately after organ
excision. Quantitative cytokine assessment by ELISA of
tissue homogenates (LYS) may thus reflect intracellular
reservoirs of cytokines. Of note, due to potential differ-
ences in sensitivity of detection, these two methods may
not necessarily be in complete correlation. On the other
hand, through organ-culturing (CM), the secretion and
possibly also the diffusion potential of IL-6 and IL-10 into
the extracellular compartment can better be demonstrated,
as demonstrated in many in vitro/ex vivo models, including
under unstimulated conditions [39, 40].

Immunohistochemistry

The analyzed organs/tissues were fixed in formalin and
embedded in paraffin. For immunohistochemical staining,
organ sections (4 mm thick) were prepared, serially depar-
affinized with xylene and then rehydrated with ethanol.
After washing in phosphate-buffered saline (PBS), the
sections were blocked for 1 hr by incubating in Cas-
Blocker solution (0.5% w/v casein powder and 0.1% w/v
sodium azide, in PBS, Sigma Chemical Company, St.
Louis, MO, USA). Thereafter, the solution was stored at
4 ]C, after its pH had been adjusted to 7.4. All incubations
were performed in humidity chambers. Biotinylated rat
anti-mouse monoclonal antibodies to IL-6 and IL-10 (pri-
mary antibodies at a concentration of 5 µg/ml) were then
added in Cas-Blocker solution, followed by an overnight
incubation at 4 °C.
Following extensive washings with 0.2% PBS-Triton-X-
100 (3 consecutive, 15 min immersions), the endogenous
peroxidase activity of sections was quenched with
9:1 methanol-3% H2O2 solution (slides immersed for
15 min). Thereafter, slides were washed in PBS-Triton-X-
100 solution and reacted with the avidin-biotinylated
horseraddish peroxidase complex (Elite/Vectastain ABC
kit, Vector Laboratories) for 30 min. Following additional
similar washings, the 3,3’-diamino-benzidine (DAB,
Sigma) dye was added for 4 min. After stopping the dye
reaction by washing in distilled water, the sections were
counterstained with haematoxylin and mounted in Eukitt
Mounting Medium (O. Kindler Gmb H,Co, Freiburg, Ger-
many).
Omission of the specific primary antibody or its preincu-
bation with excessive recombinant IL-6 or IL-10 (data not
shown for the latter) resulted in abolition or significant
diminution of the specific staining, respectively.

Preparation of organ-derived, conditioned media (CM)
and lysates (LYS)

CM and LYS were prepared from organs of
C57BL/6 mice, as described [40]. For the preparation of
CM, the organs were removed on ice under aseptic condi-
tions, rinsed three times in cold RPMI-1640, weighed and
subsequently rinsed three times in a large volume of cold,
antibiotic-containing (100 U/ml penicillin and 100 mg/ml
streptomycin), serum-free RPMI-1640. Whole organs
were then incubated for 48 hrs in identical RPMI-
1640 medium at 37 °C. CM were then harvested, centri-
fuged (3000 rpm for 10 min) and sterilized by millipore
filtration (0.45 mm, Corning Glass Works, Corning, NY,
USA). Supernatants were then stored at – 20 °C before
assay. For the preparation of LYS, organs were excised and
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rinsed as previously mentioned. Organs were then cut into
small pieces (approximately 3 mm3) and subsequently ho-
mogenized on ice (0.1 g tissue /ml in RPMI-
1640 containing 100 U/ml penicillin and 100 mg/ml strep-
tomycin), using a homogenizer (Arthur H. Thomas Co.,
Philadelphia, PA, USA). The collected homogenate was
cleared of debris by centrifugation (3000 rpm, 10 min) and
LYS were sterilized, aliquoted and stored at – 20 ]C.
To minimize the potential, non-physiological effects
caused by the tissue proteases released under these condi-
tions, lysates were prepared from freshly harvested
organs/tissues, without additional incubation in cell-
culture medium. Also, to neutralize the effects of tissue
proteases in LYS and CM preparations, a mixture of
protease/oxygenation inhibitors (phenylmethyl-sulfonyl
fluoride (PMSF)-0.2 mM, aprotinin-10 mg/ml,
leupeptine-10 mg/ml, pepstatin-10 mg/ml and dithio-
threitol (DTT)-0.5 mM, all purchased from Sigma) was
added during the preparation of organ samples. Standard-
ization was achieved by diluting CM/LYS from the differ-
ent organs in proportion to tissue weight. The arbitrary
value of 0.1 g tissue/ml was chosen.
Protein level measurements in CM and LYS provided an
additional criterion for standardization of the different
samples. This was performed using the Bio-Rad protein
assay (Bio-Rad Laboratories, Munich, Germany). A mean
value of 245 mg/ml, with negligible variation, was found
in LYS from the different organs. Similarly, the average
value of 90 mg/ml was found in CM.

IL-6 and IL-10 ELISA

ELISA aimed at detecting these cytokines in the organ
samples, were performed based on a protocol suggested by
the Pharmingen Company. The primary, cytokine-capture
rat anti-mouse antibodies to IL-6 and IL-10 (2 µg/ml,
diluted in 0.1 M NaHCO3, pH 8.2, coating solution, Pha-
mingen) were applied onto enhanced protein binding, 96-
well ELISA plates and incubated overnight at 4 ]C. After
2 washings with PBS/Tween, blocking was performed by
2 hrs incubation with PBS/10% FCS at room temperature.
Following 2 washings with PBS/Tween, samples and stan-
dards were added at 100 ml/well for 1 hr (diluted in
PBS/10% FCS). After intervening washings with
PBS/Tween between the steps, biotinylated rat anti-mouse
mAb to IL-6 and IL-10 (5 µg/ml, diluted in PBS/10% FCS
serum) and the peroxidase conjugated streptavidin com-
plex (1:100 diluted in PBS/10% FCS, Jackson Immu-
noResearch Laboratories, West Grove, PA, USA) were
sequentially applied for 45 and 60 min, respectively. Fi-
nally, after additional extensive washings with PBS/Tween
(× 8), ABTS (2,2’-Azino-bis(3-ethylbenzthiazoline-6-
sulfonic acid Sigma) substrate solution was added. Absor-
bance was scored at a wavelength of 410 nm using the
Dynateck MRX 5000 ELISA Reader (Dynex Technolo-
gies).

Statistical analysis of results

Each experiment was repeated 3-5 times with similar pat-
terns of results. Thus, 3-5 separate tissue/organ prepara-
tions of the diverse experimental samples were used; each
was obtained from a pool of 3-5 mice. ELISA were per-
formed in triplicates: triplicate values in individual experi-
ments did not differ from the mean by > 20%. The results

obtained from the various experiments were pooled;
shown are the means ± standard deviation. The statistical
differences between the means representing the two age
groups for individual organs were determined by a SPSS-
11 statistical program (Anova test). One way Anova analy-
sis served to determine the statistical differences between
the means representing different organs in each age group.
A value of p < 0.05 was considered as significant in both
tests.

RESULTS

Altough obtained from experiments performed using in
C57BL/6 mice, the results described here parallel and
complement other findings on the issue of organ expres-
sion of IL-6 and IL-10, as elaborated below in other animal
models or humans [6, 18, 27-30, 34, 35, 48, 58, 61, 62, 64].
Thus, they can be viewed in a broader perspective of organ
expression of these cytokines and their relevance to body
homeostasis and defense.

Organ expression of IL-6 and IL-10 as detected
by immunohistochemistry

Relative elevated expression in highly specialized organs of
young mice

As analyzed by immunohistochemistry, an enhanced level
(relative to the lungs, small intestine, spleen and liver) of
IL-6 and IL-10 was demonstrated in the heart, skeletal
muscle and brain of young mice. The intensity of staining
was reflected by the red-brownish colour, best demon-
strated in the heart (B, Figure 1 for IL-6 and Figure 2 for
IL-10). In the kidney, this pattern was detected only for
IL-6 (A, Figure 1). IL-6 and IL-10 were detected mainly in
the cytoplasm and nuclei of renal tubular cells (A) and
diffusely, in the cardiomyocyte cytoplasm (B), as shown
respectively for this group in Figure 1 and Figure 2. For
IL-10, the staining was also positive in cardiomyocyte
nuclei (Figure 2, B). An equivalent intensity of staining
was demonstrated in the skeletal muscular myocytes and
cerebral neurons (data not shown). In the first-line lym-
phoreticular organs, IL-6 and IL-10 expression was sig-
nificantly lower. This is shown representatively in Figure 1
(IL-6) and Figure 2 (IL-10) for the spleen (C) and liver
(D). In the spleen, weakly cytoplasm-stained, mono-
nuclear cells were demonstrated rarely (Figure 1, Figure
2, C). Likewise, a similar weak staining was displayed in
the nuclei and cytoplasm of perivenular hepatocytes (Fig-
ure 2, Figure 3, D). Equivalent, low immunohistochemi-
cal staining was found in lumen-facing epithelial and
mononuclear cells of the small intestine and lung bronchi-
oles (data not shown). Of note, nuclear staining was evi-
dent in these epithelial cells when analyzing IL-
10 expression (data not shown).

Decreased (highly specialized organs) and relatively unaltered
(lymphoreticular organs) expression in old mice

In old mice, a decreased IL-6 expression (relative to young
mice) was demonstrated in the kidney and heart (Figure 1).
A similar decreased staining was also found in the skeletal
muscle and brain (data not shown).
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Similarly, a decreased expression was also shown for IL-
10 in the heart (Figure 2, B), skeletal muscle and brain (data
not shown). In the kidney, IL-10 was demonstrated at com-
parable levels in both young and old mice (Figure 2, A).

The expression of these cytokines was, in general, unal-
tered in the spleen and liver ((Figure 1 for IL-6, Figure 2
for IL-10), lungs and small intestine (data not shown),
overall displaying a relative, low level of expression.

IL-6 and IL-10 expression in organ LYS
is relatively low

In general (with the exception of the liver), IL-6 levels, as
detected by ELISA in organ LYS under steady-state con-
ditions, are low, hardly above the threshold of detection
(Figure 1). In young mice, levels of 41.3, 13.5, 16.1,
2.5 pg/ml were detected in the kidney, heart, skeletal
muscle, and brain, respectively. In the lymphoreticular
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Figure 1
Intracellular organ expression of IL-6 in young versus old mice assessed by ELISA and immunohistochemistry. The presence of
immunoreactive IL-6 in organ lysates was detected by commercial ELISA kits and is comparatively presented for young (empty bars) and old
(solid bars) mice. IL-6 expression, manifested by the red-brown staining by the DAB dye, was characterized in the nuclei (upper arrows, A) and
cytoplasm (lower arrows, A) of kidney tubular cells, cytoplasm (arrow in young mice, lower arrow in old mice, B) and nuclei (upper arrow, old
mice, B) of cardiomyocytes, cytoplasm of spleen mononuclear cells (arrow, C), and nuclei (upper arrows, D), and cytoplasm (lower arrows, D)
of liver hepatocytes of young and old mice by immunohistochemistry, using formalin-fixed, paraffin-embedded sections, as described in the
Materials and Methods section. The specificity of IL-6 was determined using specific biotinylated rat anti-mouse monoclonal antibodies to IL-6.
“CT” denotes control histological sections stained in the absence of the primary, specific antibody. Magnification of all figures is x 800 with the
exception of the spleen (× 1600).
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organs, IL-6 levels of 45.2, 2, 13.3 pg/ml were detected,
respectively in the lungs, small intestine and spleen
(Figure 1). No significant difference was found in the two
categories of organs (in general, p > 0.05 for most organ
comparisons). In old mice, comparable low levels of IL-
6 were detected in most organs (p > 0.05) with the excep-
tion of the kidney (97.97 pg/ml, p < 0.05 for most relative
organ comparisons) and skeletal muscle (82.74 pg/ml,
similar p < 0.05 values), in which significantly elevated
IL-6 levels were detected (Figure 1).
Nevertheless, even in this latter case, IL-6 did not exceed
the level of 100 pg/ml. The only exception in this respect
was noted in the liver, which displayed much higher levels
of IL-6 (Figure 1).
Similarly to IL-6, IL-10 levels in organ LYS, as detected by
ELISA, were in general uniformly low (with the exception

of the liver, Figure 2), as compared with the much higher
levels disclosed in the CM obtained from the kidney, heart
and liver (Figure 3). Thus, in the internal, highly special-
ized organs of young mice, IL-10 values ranged from
108.1 pg/ml (heart and brain) to 209.3 pg/ml (kidney). The
corresponding values in old mice were 224.8, 118.9 and
51.3 pg/ml, respectively (p values for the respective old/
young organ differences were 0.023, 0.607 and < 0.001).
Similar patterns of cytokine expression were displayed in
the lymphoreticular organs: 259.3, 156.4 and 269.2 pg/ml
in the lungs, small intestine and spleen, respectively
(young age), compared to corresponding values of 215.1,
44.4, 173.6 pg/ml in old mice (p = 0.09, < 0.001 and
0.018, respectively, Figure 2).
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Figure 2
Intracellular organ expression of IL-10 in young versus old mice assessed by ELISA and immunohistochemistry. The presence of
immunoreactive IL-10 in organ lysates was detected by commercial ELISA kits and is comparatively presented for young (empty bars) and old
(solid bars) mice. IL-10 expression, manifested by the red-brown staining by the DAB dye, was characterized in the nuclei (upper arrows, A) and
cytoplasm (lower arrows, A) of kidney tubular cells, cytoplasm (upper arrow in young mice, lower arrow in old mice, B) and nuclei (lower arrow
in young mice, upper arrow in old mice, B) of cardiomyocytes, cytoplasm of spleen mononuclear cells (arrow, C), and nuclei (lower arrows, D,
and cytoplasm (upper arrows, D) of liver hepatocytes of young and old mice by immunohistochemistry, using formalin-fixed, paraffin-embedded
sections, as described in the Materials and Methods section. The specificity of IL-6 was determined using specific biotinylated rat anti-mouse
monoclonal antibodies to IL-6. “CT” denotes control histological sections stained in the absence of the primary, specific antibody. Magnification
of all figures is x 800 with the exception of the spleen (× 1600).
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Increased relative expression of IL-6 and IL-10
in CM of highly specialized organs
and liver in old mice

IL-6 and IL-10 were found at relatively enhanced levels in
CM of the internal, specialized organs and liver of old
mice, as assessed by ELISA (Figure 3). Thus, in these
mice, IL-6 was detected most markedly in the kidney,
heart, skeletal muscle and liver (6361.86, 2703.23,
2224.58, 3204.83 pg/ml, respectively), compared with the
lungs (652.83 pg/ml,), small intestine and spleen (non-
detectable). The p value referring to the difference between
the skeletal muscle, for example, and the lungs was 0.032
(statistically significant). In young mice, by comparison,
the levels of IL-6 in the internal, specialized organs were
comparable in magnitude (e.g. the kidney compared with
the spleen, p = 1.000, Figure 3) or lower (e.g. the heart
compared with the lungs, p = 0.003, Figure 1), relative to
the lymphoreticular organs. Similarly, the expression of
IL-10 was significantly higher in the kidney, heart, skeletal
muscle and liver (865.26, 357.9, 260.36 and 439.8 pg/ml,
respectively), compared with the lungs, small intestine
and spleen (153.76, 88.96 and 86 pg/ml, respectively,
p = 0.01, for the difference between the skeletal muscle

and the lungs, Figure 3). It should, however, be noted that
aging leads to different cytokine-specific modulations in
this respect: IL-6 appears to be dramatically down-
regulated in the lungs and spleen, while IL-10 is markedly
upregulated in kidney, heart, skeletal muscle and liver,
relative to the generally lower level (up to ∼ 200 pg/ml)
found in young mice.
Also, of note is the almost an order of magnitude differ-
ence in the average value of organ IL-6 (2356.17 pg/ml for
young mice and 1972.52 pg/ml for old mice) compared
with IL-10 (111.5 pg/ml for young mice and 299.8 pg/ml
for old mice), p < 0.001.

Relative IL-10 and IL-6 expression in organ CM
versus organ LYS

In order to highlight possible differences in the cellular
compartmentalization of these cytokines in the two age
groups, the old/young ratio, with regard to IL-6 and IL-
10 organ expression in young and old mice was addressed.
The calculation of the ratio was based on the respective
values relating to IL-6 and IL-10 expression, as detected in
the young and old mice by the ELISA analyses. As shown
in Figure 4 for CM, relative expression of IL-10 consider-
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ably exceeds that of IL-6 with aging in most organs. An
inverse trend is seen in analyses of organ LYS. In this case
(with the exception of the spleen) (Figure 4), the relative
(compared with IL-6) expression of IL-10 is either of
comparable magnitude (heart and lungs) or reduced (kid-
ney, skeletal muscle, brain, small intestine and liver). On
the other hand, aging accentuates the relative expression of
IL-6 in kidney, skeletal muscle, brain and liver LYS
(Figure 4). These differences may denote unique roles for
IL-6 and IL-10 in the intracellular compartment and out-
side the cell, respectively, in organ homeostasis and dis-
ease.
The results presented here refer to different physiological
states and cytokine expression in the different compart-
ments of organs. On one hand, intracellular cytokine ex-
pression in organs found at steady-state was analyzed by
two methods (IHC and ELISA analyses of LYS), which, in
principle, can provide complementary data. It should also

be noted that by tissue homogenizing, quick, stress-
induced alterations could, in principle, be observed in the
intracellularly-expressed cytokines (not necessarily pre-
vented by the use of protease inhibitors). On the other
hand, detection of significant levels of IL-6 and IL-10 in
organ CM imply active secretion or diffusion of the cytok-
ine molecules from intracellular reservoirs (e.g. bound to
cellular membranes) and/or cytokine generation upon the
stressful conditions of organ culturing.
The apparent, non-correlating trends in IL-6 and IL-10
organ expression upon aging can thus be more easily
understood. For example, reduced IHC staining in old
animals may denote an absolute decrease in the intracellu-
lar cytokine level. Alternatively, post-translational modifi-
cations in the cytokine molecule, that might affect the
binding of detecting antibodies, could also be envisioned
(e.g. involving cytokine glycosylation, [41-43]). Evi-
dently, this is not in contradiction with an increased
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production/secretion of the cytokine into the environment
upon stress (increased detection in organ CM).

DISCUSSION

The findings presented in this work point to specific pat-
terns of IL-6 and IL-10 expression in organs, in young and
old mice, as distinctly demonstrated by immuno-
histochemistry and ELISA of organ LYS and CM. This
may help clarify the roles of IL-6 and IL-10
in homeostasis/defense under varying physiological/
pathological conditions.
Based on the findings obtained by the cytoplasmatic IHC
staining of fresh organs, IL-6 and IL-10 emerge as more
dominantly expressed in the heart, skeletal muscle, brain
and kidney (only for IL-6) of young mice, probably denot-
ing a more influential, organ-protective role in these highly
vulnerable organs. This is in line with previous evidence,
showing a relative increased IL-6 bioactivity in CM ob-
tained from these organs in young mice [24], despite the
overall similar level of organ expression shown here by
ELISA. These discrepant data emphasize the importance
of inhibitors and modulators of IL-6 bioactivity, such as
soluble IL-6R and gp130 [20, 21], and the local network of
cytokine-cytokine receptors [44], when addressing the is-
sue of organ IL-6 expression.
As a function of their anti-inflammatory and anti-apoptotic
potential, the overall low levels of IL-6 and IL-10 detected
in organ LYS may point to a basic tissue-preserving
mechanism. Even the relatively high level of ELISA-
detected IL-6 in the liver LYS, as here shown, may not
necessarily reflect elevated biological activity. Indeed, we
have observed low levels of IL-6 bioactivity in liver LYS in
young mice [26]. In this context, the elevated levels of IL-6
(Figure 1) and downregulation of IL-10 (Figure 2) in LYS
obtained from skeletal muscle and kidney of old mice may
signify unique, cytokine-based functions.
The most prominent age-related alterations in cytokine
expression were observed in organ CM: aging appears to
result in a dramatic reduction of IL-6 levels in the lym-
phoreticular organs (with the exception of the liver),
whereas IL-10 expression is markedly upregulated in the
highly specialized organs (with the exception of the brain).
It thus seems that under the conditions imposed by organ
culturing in our studies, IL-6 secretion/production in old
animals remains essential in the highly specialized organs
(it is not downregulated, Figure 4). On the other hand, the
potential of these organs to secrete/generate IL-10 in old
age appears remarkably elevated (versus young age), sug-
gesting a more pronounced impact of IL-10 on the homeo-
stasis of highly specialized organs in aged animals.
In principle, both IL-6 and IL-10 could play an important,
tissue-preserving role in highly vulnerable organs, in view
of their inflammation and apoptosis-restraining roles.
However, the relative increased IL-10 expression (versus
IL-6) in this context may denote a regulatory and perhaps
complementary effect vis-a-vis IL-6.
Aging cells are more sensitive to stressful (apoptosis-
inducing) stimuli and their capability to recuperate after
such events is reduced [45, 46]. In this context, survival of
aging neurons under stressing conditions appears much
more dependent on trophic, gp130-activating cytokines
[47], suggesting an important role for IL-6 in organ ho-

meostasis under these conditions. On the other hand, IL-
6 seems to be generally involved in various destructive
processes of aging [48]; IL-6 can mediate an increased
thrombotic state [16], a negative inotropic effect on myo-
cardial tissue [49], cardiac hypertrophy [50], muscle atro-
phy [51], growth retardation [52], progression of autoim-
mune and neoplastic processes [53], all processes typical
of advancing age. Some of these noxious IL-6-mediated,
effects could derive from age-related alterations in
“beneficial” transducing pathways downstream
gp130 activation, such as described for DNA-repair activ-
ity mediated by STAT [54]. In this respect, IL-10 might
contribute to tightly regulating the expression of organ
IL-6 and restraining inflammation/apoptosis in highly spe-
cialized and vulnerable organs of old animals, especially
under stressful conditions. Indeed, IL-10 can directly
downregulate IL-6 expression [55, 56], as also suggested
by the linked decline in IL-10 and increased expression of
IL-6 in brains of old mice [57]. Also, IL-10-mediated
transduction through STAT may preferentially (over IL-6)
be activated in this setting (e.g., potentially through the
gp130-modulating suppressor of cytokine signalling
3 -SOCS3-, 58), alteration in STAT-mediated transduction
upon aging has indeed been described [59]. IL-
10 protection of brain [60] and heart [34], its involvement
in FasL-induced immune privilege status [61] and the
stimulation of various cell populations involved in immu-
nesurveillance [62], further attest to its possible organ-
preserving role. When dysregulated however, this seem-
ingly adapting patterns of IL-6 and IL-10 organ expression
may perturb the balanced effects of the immune system in
aged animals.

In the lymphoreticular organs, by contrast, the
reduced/altered expression of IL-6 and IL-10 may enable
adjustment of adequate levels of tissue protection, and
which appears to be based on powerful proinflammatory
cytokines, such as IL-1 [26, 63]

The expression of IL-6 and IL-10 in the liver, overall
increases considerably in old mice (unlike the other lym-
phoreticular organs tested). The liver’s distinct detoxifying
functions and its unique role in body homeostasis and
defense (generating and vitally regulating critical factors
such as blood glucose, albumin and the acute phase pro-
teins), probably explain this behavior. Indeed, IL-6 [17-19]
and IL-10 [64] emerge as liver-protective.

Overall, organ-specific expression of IL-6 and IL-10 and
modulation by aging, as shown here, strongly suggests the
presence of complex cytokine-based networks, specifi-
cally adapting to the unique functional needs and charac-
teristics of the organ. A thorough understanding of such
networks may hopefully enable us to counteract or reduce
age-related deterioration in body defense.
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