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Age-Associated Ctyokine Dysregulation 
(Not Inflammatory Disease)

at the Root of Frailty

Aging, Cytokines and Frailty

• Aging and frailty 
• Cyokine profiles and aging
• Regulation of IL-6
• Influence of Estrogens and Androgens
• Frailty without inflammatory disease
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• There are highly variable age-
associated changes in organs, 
tissues and cells that diminish 
functional reserve and confer 
vulnerability to stressors 
and/or disease.

• Aging is not a disease.

Tenets of Geriatric Medicine Aging Heterogeneity

Features of Frailty
• Osteopenia
• Sarcopenia
• Low grade anemia
• Inflammatory profile
• Functional impairment
• Cognitive impairment

• Vulnerability
• Can occur without Disease

Frailty

Homeostatic Mechanisms

Threshold for Disability

Entropic Forces

Threshold for Clinical Detection



Candidate Entropic Force: 
Dysregulated Inflammation

• Clinical picture of frailty resembles 
chronic inflammation

• Epidemiological studies have 
demonstrated an association of 
inflammatory markers and frailty

.
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IL-6 and Age

IL-6 and Aging

• EPESE
• WHAS
• CHS
• BLSA
• InChianti

The IL-6 Response
• Stimulates catabolic processes, providing 

energy for acute inflammation
• Stimulates calcium mobilization from bone
• Induces hepcidin thereby paralyzing GI 

iron absorption and mobilization from 
macrophages

• Stimulates marrow neutrophil and 
megarkaryoctye progenitors, inhibits 
erythropoietin

But, why?

• Age-associated development 
(accumulation) of inflammatory 
processes.

• Increased relative adiposity 
• Endocrine senescence (menopause 

and andropause)
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1. NF-kB is maintained in the Cytoplasm by the IkB
2. In the absence of stimulation the IKK complex is inactive
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3. Different type of stimuli can
activate the IKK complex
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4. IKK phosphorylates the
IKB protein 

5. Phosphorylation is a tag
for ubiquitinization
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5. Phosphorylation is a tag
for ubiquitinization and
proteasome degradation
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ROS6. NF-kB translocates into

the nucleus, binds to kB
elements in gene promoters
and enhancers
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7. Activates all sort of
genes 

Inflammation- Immunity
(Chemokines, Cytokines, Immune 
Receptors, Adhesion Molecules)

Synthesis

Cell Survival and Cell Death
Antiapoptotic (i.e. Bcl-xl, hs-20) and pro-
apoptotic gene expression (i.e. Fas)

Angiogenesis
Regulation of VEGF, TNF, IL-1 and IL-8

Cell Proliferation
Cyclin D1, c-mycImmortality

Telomerase expression
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8. The Synthesis of IkB
is a feed-back time-dependent
component to NF-kB response. 
Feedback inhibition can be rapid, 
or slow, and can be altered by 
physiological states, 
such as age, stress 
or inflammation.

Inflammation- Immunity
(Chemokines, Cytokines, Immune 
Receptors, Adhesion Molecules)

Cell Survival and Cell Death
Antiapoptotic (i.e. Bcl-xl, hs-20) and pro-
apoptotic gene expression (i.e. Fas)

Angiogenesis
Regulation of VEGF, TNF, IL-1 and IL-8

Cell Proliferation
Cyclin D1, c-mycImmortality

Telomerase expression



Promoter Region of IL-6
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DHT inhibits IL-6 production in 
LNCaP cells

DHT decreases steady state 
IL-6 mRNA levels in LNCaP 
cells

DHT inhibits transcriptional 
activation of the IL-6 
promoter in LNCaP cells

Androgen receptor (AR) 
required for DHT inhibition, 
but did not bind IL-6 
promoter

DHT treatment was associated 
with maintenance of IkBa 
when cells after PMA 
activation

Androgens and IL-6 Keller et al., JBC 1996; 271:26267

DHT inhibits NFkB complex formation on the IL-6 promoter



In Vitro In Vivo

Hormonal regulation of pro-inflammatory and lipid
peroxidation processes in liver of old ovariectomized female rats
R. A. Kireev ,  A. C. F. Tresguerres,
C. Garcia, C. Borras, C. Ariznavarreta, 
E. Vara, J. Vina , J. A. F. Tresguerres
Biogerontology, 2009 

Cytokines 
(pg/mg 
tissues)

2 Months

Intact animals (24 months) Ovariectomized animals (24 months)

Without 
treatment

+GH
Without 
treatment

+GH +Eos +Phyt

TNFα 57.2 ± 0.85 84.1 ± 6.8a 59.6 ± 1.5b 95.2 ± 2.7a 55.4 ± 2.2c 61.4 ± 1.9c 54.2 ± 2.7c

IL‐1β 103.7 ± 2.5 126.9 ± 7.1a 122.4 ± 9.7 141.1 ± 4.3a 112.6 ± 8.3c 116.2 ± 4.2c 111.9 ± 9.5c

IL‐6 15.1 ± 1.5 32.8 ± 3.0a 25.5 ± 2.3 69.8 ± 8.1a,d 19.0 ± 1.7c 21.7 ± 2.9c 39.9 ± 2.1c

IL‐10 269.6 ± 16.7 148.7 ± 17.3a 302.7 ± 39.8b 126.5 ± 12.1a 284.8 ± 23.5c 291.5 ± 17.8c 278.1 ± 19.5c



Conclusions
● Inflammatory pathways are activated with advancing 

age.

● There is evidence that this occurs to some extent in 
association with menopause (or andropause)

● Both estrogen and testosterone inhibit NFkB 
activation of IL-6 gene expression by maintaining IkB 
levels and reducing NFkB nuclear translocation

● The proinflammatory pathway to frailty does NOT 
necessarily require the presence of coexisting 
inflammatory disease.
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