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From aging to immunosenescence

Immunosenescence

• Cell subset redistribution, replicative senescence
• Compromised functionality, pro-inflammatory cytokines

López-Otín, 2013, Cell
Leonardi, 2018, Immunity and Ageing
Herranz, Gil, 2018, J Clin Invest
Franceschi, 2017, Trends Endocrinol Metabol
Jose SS et al.2017, Front Immunol

Cellular senescence
• Intrinsic (oxidative damage, telomere attrition)
• Extrinsic origin (UV, γ-irradiation, chemotherapeutic drugs)
• Telomere attrition, p16INK4a expression, SASP

Lázničková P, 2021, Front in Aging
Hortová-Kohoutková M, Lázničková P, Frič J, 2021, Bioessays
Jose SS,...Buřilová P,..., 2018, Front Genet

Aging

• Cellular senescence, stem cell exhaustion, genomic instability
• Inflammaging, epigenetic and metabolic remodelling



Hallmarks of immunosenescence

Immune cell surface markers

• Cell subset redistribution

• Replicative senescence

• Mostly studies in T cells

Leonardi, 2018, Immunity and Ageing
Franceschi, 2017, Trends Endocrinol Metabol

Inflammaging/Chronic low-grade inflammation

• pro-inflammatory cytokines

• TNF-𝛼, IL-6, CRP

Immune cell functionality

• Impaired chemotaxis, antigen presentation, phagocytosis

• p16INK4a expression, telomere attrition, immunometabolic changes



Immunosenescence – aging of the immune system

Lian, J., Yue, Y., Yu, W. et al. Immunosenescence: a key player in cancer development. J Hematol Oncol 13, 151 (2020). https://doi.org/10.1186/s13045-020-00986-z

Lázničková P, Bendíčková K, Kepák T and Frič J (2021) Immunosenescence in Childhood Cancer Survivors and in Elderly: A 
Comparison and Implication for Risk Stratification. Front. Aging 2:708788. doi: 10.3389/fragi.2021.708788



Do children cancer survivors CCS develop signs of 
accelerated immunosenescence?

Immunosenescence – aging of the immune system
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CCS Cohorts

Elderly cohorts with comorbidities
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Late adverse effects of therapy endanger CCS

Ness K K. J, 2013, Clin Oncol; Franceschi, 2018, Front Med; Lázničková, 2021, Front Aging

Late effects in childhood cancer survivors

▪ 75% - 1 or more late effects

▪ 50% - 3 or more late effects

Adverse psychosocial effects 

Hearing loss 

Neurocognitive deficits 

Cardiomyopathy 

Atherosclerotic heart disease

Myocardial infarction 

Pulmonary fibrosis

Hepatic dysfunction Renal dysfunction

Life-threatening infection 

Late adverse effectsFrailty



Childhood cancer and evidence of
immunosenescence-related phenotype

• Incidence of childhood cancer types in the Czech 
Republic between 1994 and 2016.

Cell type Immune cell phenotype CCS
Healthy 

elderly

T cells (CD3+) CD4+CD38+ HLA-DR+ ALL, AML112 112

CD4+ central memory ALL, Hodgkin lymphoma, 

Non-Hodgkin 

lymphoma113

116

CD4+CD28- ALL, AML112 131,132

CD8+CD38+ HLA-DR+ ALL, AML112 Not found

CD8+ central memory ALL, Hodgkin lymphoma, 

Non-Hodgkin 

lymphoma113

116

CD8+CD28- Not found 107,133

Monocytes CD14+CD16+ ALL119 117,118,134

• Immunosenescence studied in hematological
malignancies

Immunosenescence in survivors of
non-hematological solid tumors?



Potential induction of immunosenescence in 
high-risk neuroblastoma survivors

Ness K K. J, 2013, Clin Oncol; Franceschi, 2018, Front Med

Neuroblastoma

• The most frequent extra-cranial
solid tumor in early childhood

• Age of diagnosis 50% < 2yo
75% < 5yo

• Poor prognosis for high-risk 
neuroblastoma patients, frequent
relapses

HR NB treatment:
• Chemotherapy 
• Stem cell harvesting
• Surgery
• HSC transplantation
• Radiotherapy

Does high-risk neuroblastoma treatment induce
innate immunity and T cell subsets alterations
related to immunosenescence?



Demographic characterization table
- Survivors 1-4y are younger than Survivors 5+y

High-risk neuroblastoma survivors Survivors 1-4y Survivors 5+y p value

Number of participants (n) 14 22 –

Sex (male/female), n (%) 9 (64)/5 (36) 13 (59)/9 (41) >0,9999

Age at study recruitment, median (min-max) 5 (2-8) 12 (5-27) <0,0001

Age at diagnosis - median (min-max) 2 (0-7) 2 (0-12) 0.824

Years after transplantation, median (min-max) 2 (0-3) 8 (2-18) <0,0001

Years since diagnosis, median (min-max) 3 (1-4) 8 (5-20) <0,0001

Autologous HSCT, n (%) 14 (100) 22 (100) >0,9999

Chemotherapy, n (%) 14 (100) 22 (100) >0,9999

Radiotherapy, n (%) 13 (93) 22 (100) >0,9999

Relapse, n (%) 2 (14) 2 (9) 0.6092

Death, n (%) 1 (7) 0 (0) 0.3611

Refractory disease, n (%) 2 (14) 3 (14) >0,9999

Child controls p value (Survivors 1-4y) p value (Survivors 5+y)

Number of participants (n) 19 – –

Sex (male/female), n (%) 6 (32)/13 (68) 0.8382 0.4971

Age at study recruitment, median (min-max) 14 (1-23) 0.2613 >0,9999

Elderly – Mild Cognitive Impairment (MCI) p value (Survivors 1-4y) p value (Survivors 5+y)

Number of participants (n) 23 – –

Sex (male/female), n (%) 8 (35)/15 (65) >0,9999 0.6613

Age at study recruitment, median (min-max) 74 (57-71) <0,0001 <0,0001

MMSE mean, SD (min-max) 27.26, 1.63 (24-29) – –

Elderly (EXODYA) p value (Survivors 1-4y) p value (Survivors 5+y)

Number of participants (n) 23 – –

Sex (male/female), n (%) 0 (0)/ 23 (100) 0.0023 0.0002

Age at study recruitment, median (min-max) 72 (61-79) < 0,0001 < 0,0001

BMI, median (min-max) 27 (22-36) – –

Lázničková P, Kepák T, Hortová-Kohoutková M, Horváth L, Sheardová K, Marciniak R, Vacca C, Šiklová M, Zelante T, Rossmeislová L, Křenová Z, 

Štěrba J, Bendíčková K, Frič J: Childhood survivors of high-risk neuroblastoma show signs of immune recovery and not immunosenescence. Eur J 

Immunol. (2020) Aug 3. (IF 5.179) doi: 10.1002/eji.202048541. PMID: 32744364



CCS 1 and 5+ years after successful therapy of high-risk neuroblastoma show 
transient changes of T cells with signs of immunosenescence

Lázničková P, Kepák T, Hortová-Kohoutková M, Horváth L, Sheardová K, Marciniak R, Vacca C, Šiklová M, Zelante T, Rossmeislová L, Křenová Z, 

Štěrba J, Bendíčková K, Frič J: Childhood survivors of high-risk neuroblastoma show signs of immune recovery and not immunosenescence. Eur J 

Immunol. (2020) Aug 3. (IF 5.179) doi: 10.1002/eji.202048541. PMID: 32744364



CCS 1 a 5+ years after successful therapy of high risk neuroblastoma show 
transient changes of T cells with signs of immunosenescence
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CCS 5+ years after successful therapy of high-risk neuroblastoma show long-term 
changes of myeloid cells

Lázničková P, Bendíčková K, Frič J, unpublished
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Deep immunophenotyping of neuroblastoma patients and survivors
- ongoing analysis

Lázničková P, Bendíčková K, Frič J, unpublished

Spectral flow cytometer – Cytek Aurora
- 32 markers at once

- T cells, B cells, Monocytes, NK cells, DCs
- activation, maturation, aging/exhaustion markers

Jan Musil, PhD, Dpt of Immunomonitoring
Tereza Feglarová, PhD, Dpt of Modern Immunotherapy



Major peripheral blood mononuclear cell lineages during HR NB treatment
- ongoing analysis

Lázničková P, Bendíčková K, Frič J, unpublished
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Research of immunosenecence in cohorts with chronic inflammation and 
comorbidities



Long-term goals of immunosenescence research
- stratification of survivors with increased risk of comorbidities development
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