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Il Sistema Immunitario:
concetti generali




Principali organi componenti il
Sistema Immunitario
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Tipi di Immunita

| due tipi fondamentali di immunita sono lI'immunita innata e adattativa (o
acquisita). Alcuni dei nostri globuli bianchi svolgono un ruolo nell'immunita
innata, altri nell'immunita acquisita, mentre alcuni sono coinvolti in entrambi.
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Caratteristiche e funzioni delle cellule coinvolte nel Sistema Immunitario innato
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Sistema Immunitario: la Risposta Innata
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Sistema Immunitario: la risposta adattativa
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Cellule T: Modelli a due segnali di recettori costimolatori e inibitori

Signal 1

vrc Bl coss| é *i CD30

Peptide Signal 2

, T cell | CTLA4

Activation
Proliferation
Cytokine production
Prevention of anergy
Differentiation of helper T cells

MHC

CD80 CD&6
Inhibitary

Peptide
signal

TCR

‘ T cell \ ,I CD28

Inactivation
Inhibition of proliferation and cytokine
production by T cells
T-cell exhaustion and apoptosis
Altered antigen-presenting-cell function
and suppressive cytokine production

Bluestone JA and Anderson M, NEJM, 383, 1156 (2020).



B Cell Activation and Isotype Switching

B cells are activated by antigen presented by MHC and co-stimulatory (CD40-CD40L) signals
from Th2 cells.

« After activation, B cells undergo rounds of mutation and selection to generate high-
affinity memory B cells and plasma cells.

« Plasma cells are B cells that secrete their antigen-specific receptors in the form of antibodies.

Germinal

centre
o— —©O
Naive B cell Memory B cell

\ ?
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Short-lived plasma igM Long-lived plasma cells
cells in lymphoid tissues in bone marrow

Gray D., Nat. Rev. Immunol., 2002



Confronto tra risposta innata ed adattativa

Innate immune system Adaptive immune system
Cells Hematopoietic cells: Hematopoietic cells:

» Macrophages = T cells

» Dendritic cells = B cells

» Mast cells

» Meutrophils

» Basophils

+» Eosinophils

« NK cells

« T cells
Mon-hematopoietic cells

+ Epithelial cells (skin, airways, gastrointestinal tract)

Molecules + Cytokines + Antibodies (Ig)
+ Complement « Cytokines

» Proteins and glycoprotein

Response time + Immediate = Delayed by hours to days

Immunologic memaory « Mone: responses are the same with each exposure » Responsiveness enhanced by repeated antigen exposure  Marshall 1. s. etal., 2018



Sistema immunitario e
microbiota della pelle




Skin microbiota, its roles, and its relationship with the immune system

AMPs=antimicrobial peptides Macrophage
Boxberger M. et al., Microbiome, 2021



The intrinsic and extrinsic factors that influence the skin microbiome

Extrinsic factors

.
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Age-dependent specificity of the skin microbiome

Increasing Decreasing
Spots
Lentigines Cell renewal
Winkles Pigmentation uniformity
Redness Sebeceous far
Telangoctasin Dermal extra cellular matnix
Duller micro relief Collagen
Tissue ptosis Elastin fibres
pH Schaccous glands and sweat
Epidermudis thickness glands secretion

Boxberger M. et al., Microbiome, 2021

2 newbom = infant child adolescent adult senior
No skin site specificities Skin site specificities
Phylum
. Firmicutes ® Actinobacteria ‘ Preoteobacteria . Bacteroidetes Others

Skowron K. et al., Microorganisms, 2021



Microbial composition of the skin is dictated by topography
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Ageing alters skin structure, function and microbial colonization
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Epidermis

Dermis

Crosstalk between the immune system and the skin microbiota

Homeostatic immunity Inflammation

Microbiocte

Epidermiz

Dermis

Byrd A.L. et al., 2018



Invecchiamento e
Sistema Immunitario




Immune alterations during ageing
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BorgoniS. et al., 2021



Ageing and tissues in immunity
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Schematic shows age-related changes in the innate and adaptive immune system
with relevance to COVID-19

“Inflamm-aging” “Immunosenescence”

Innate Immune System Adaptive Immune System
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Various external stressors resulting in biological age-rel

Biological Age
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Interactions between immune and senescent cells

*Ageing
* Genotoxic agents
* Hypoxia
* Mitochondrial dysfunction
* Oncogene activation
* Cytokines
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Alterations of immune cell populations in ageing

Single-cell techniques

identified expanded and reduced
immune cell populations with
distinct phenotypes in

multiple organs of old mice.
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Reduced cell subsets
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Potential impact of immunosenescence on the pathogenesis of COVID-19
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Sistema immunitario e
differenze in relazione al sesso




Sex differences in immune responses in different species

Sea urchin

Fruit fly
Scorpionfly

Wall lizard

Eurasian kestrels

Great tit

House mouse

Rhesus macaque

Human

b

Paracentrotus
lividus

Drosophila
melanogaster

Panorpa
vulgaris

Podarcis
muralis

Falco
tinnunculus
Parus major

Mus musculus

Macaca
mulatta

Homo sapiens

Number of immunocytes,
cytotoxic activity,
phagocytosis and haemolysis

Activation of Toll and
immune deficiency signalling

Haemolysis and
phagocytosis

Macrophage phagocytosis
Hypersensitivity responses
Hypersensitivity responses

Pro-inflammatory cytokine
responses, | cell proliferation
and antibody responses

Pro-inflammatory cytokine
responses and antibody
responses

Type | interferon activity,
T cell numbers and antibody
responses

Creater in females
than in males

Creater in females
than in males

Greater in females
than in males

Creater in females
than in males

Creater in females
than in males

Greater in females
than in males

Greater in females
than in males

Greater in females
than in males

GCreater in females
than in males

Klein S., 2016



Changes in immune responses in human males and females over the life course

* Increased
inflammatory
responses in males

Innate immunity

* Increased IgE

Adaptive immunity
levels in males

Childhood/
pre-puberty

T Inflammation in males
T NK cells in males

* CD4/CDS8 ratios and

CD4* T cell numbers
equal

¢ CD8' T cell numbers

equal

* |gA levelsin

males = females

* IgM levels in

males = females

* IgG and IgM levels

equal

* B cell numbers equal
* T, cell numbers in

males > females

Post-puberty/
adulthood

T Inflammation in
females
T NK cells in males

* CD4/CDS3 ratios
and CD4' T cells
T infemales

e CD8* T cells
Tinmales

* T cell activation/
proliferation
Tin females

* T, cells Tin males

* B cells T in females

* Immunoglobulins
Tin females

Old age

T Inflammation in males
TIL-10 in females
T NK cells in females

« CD4/CDS ratios and
CD4*Tecells Tin
females

e CD8* T cells Tin males

* T cell activation/
proliferation T in
females

* T, cellsTinmales

* Beells Tin females

* Immunoglobulins
Tin females

Klein S., 2016



Sex differences in innate and adaptive immune responses in young and aged individuals
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M2 polarization (M)

cells (H)

T cell proliferative capacity (M)
Cytotoxic T cell activity (H)

3d>9 3>9 3>9 3>% 3d>9 d>9

IL-10 production (R, H) TLR4 expression (M) NK cell activity (R)
Pro-inflammatory cytokine Neutrophil attractant Type 2 ILC count (H) =3 CD8* T cell count (M)
production (M) chemokines (R)
M1 polarization (M) TLRY expression (M) IL-13 production upon  NK cell count (H) T.eg coOuNt (M)

stimulation (M)
Aged adults Q>4 >4 >4 >4 >4
Nitric oxide synthesis (H) CD62L, CD115 (H) NK cytotoxicity (H) Antibody production (H) CD3* T cell count (H)

Mammalian family of mitogen- expression
activated protein kinases
(MAPK) signaling (H, M)

IL-15 production (H)
ND

3d>9

CD38 expression (H)
Non-classical monocyte
count (H)

Data are from studies of mice (M), rats (R), non-human primates (P}, and humans (H) (125-131).
ND, not determined.

ND

Immunosurveillance (H)

Age-associated B cell
count (H, M)

CD4* T cell count (P)

CD4+/CD8"* T cell ratio (P) Ti1
response (M)

Ty1 response (M)

Naive CD8* T effector memory
cells (p)

T cell proliferative capacity (H, P)
d>9

CD8* T cell count (P)

Gubbels Bupp M.R. et al., Front. Immunol., 2018



| piu’ studiati ormoni sessuali

Il progesterone € un ormone naturale importante per la regolazione dell'ovulazione e delle mestruazioni, prodotto in quantita
elevate dalle ovaie. E anche prodotto in quantita minori dalle ghiandole surrenali sia maschili che femminili. Il progesterone ha un

effetto principalmente antinfiammatorio.

Il testosterone viene secreto principalmente dai testicoli maschili ed in misura minore dalle ovaie femminili. Il testosterone é il
principale ormone androgeno in quanto svolge un ruolo chiave nello sviluppo dei tessuti riproduttivi maschili come i testicoli e la
prostata. Promuove inoltre le caratteristiche sessuali secondarie come I'aumento della massa muscolare e ossea e la crescita dei peli
corporei. In entrambi i sessi il testosterone & coinvolto nella salute e nel benessere: influenza infatti gli stati d'animo, il

comportamento ed e’ coinvolto nella prevenzione dell'osteoporosi.

Gli estrogeni sono un gruppo di ormoni che svolgono un ruolo importante nel normale sviluppo sessuale e riproduttivo nelle donne.
Anche nei maschi gli estrogeni hanno ruoli fisiologici importanti, nonostante i livelli siano significativamente piu bassi rispetto alle
femmine. Gli estrogeni hanno un effetto bifasico: evidenziate in gravidanza o nella fase follicolare del ciclo mestruale, hanno un
ruolo prevalentemente antinfiammatorio, mentre le basse concentrazioni che si osservano nelle rimanenti fasi del ciclo mestruale

hanno effetti opposti.

la prolattina ha una duplice funzione, sia di ormone che di citochina, e agisce sul sistema immunitario stimolando principalmente la
secrezione di IL-6 e INF-y. Altri effetti indotti dalla prolattina sono un’aumentata produzione di anticorpi e sviluppo di cellule
presentanti I'antigene. l'iperprolattinemia sia stata descritta in relazione alla patogenesi di diverse malattie autoimmuni [30], e di
seguito menzioneremo brevemente a titolo di esempio il Lupus Eritematoso Sistemico, I'artrite reumatoide e la sclerosi multipla, la

celiachia e la malattia tiroidea autoimmune.



Overview of sex-based differences in the immune response to Infections

g

Infections

7 Sex ™~
~~ Genes Hormones
/ IO“
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LT
B 1 =)
v Tosnoal«ooe gy

XY XX Ppos
‘ MM

N s=\\
“~__Microbiome _

l

O Immune Q

Response
N

Cytokines Antibodies

Comglement .

Severe Disease Less severe Disease
Higher Mortality Lower Mortality

Gadi N., et al, 2020



Sex hormones interact with genetic and environmental factors
and determine immunity in an individual

Immune

Response Epigenetic

Innate Changes

Adaptive MIRNA

Sex
Hormones
Circadi Environmental
an Factors
r m
g Smoking

Microbiota

)

NK, CD8 celis CD4, B cells
CD4 Treg Thl, Th2
Thl7 ERa, ERB, PPARy expression
Protectionfrom T J T cell proliferation
cell activation X-linked Immune gene activation
TLR2,4 (FoxP3, CD40L, IL-2RG, IKBKG)

TLR3,7,9

Cancers

Autoimmunity
X-linked diseases



Differences in Mutational Processes, Epigenetic States, and Chromosome
Architecture Underlie Sex Bias in Human Disease

(A)

Genetics

(B)

Epigenetics

Infections

(€)

Chromosome
architecture

' Credendino S.C, 2020
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Sex-related bias in autoimmune diseases,
infectious diseases and cancers

Male bias

Female bias

Autoimmune diseases Infectious diseases Non reprogcHve

cancers

e Graves disease e HIV e Ebola e Bladder

e Hashimoto thyroiditis @ Influenza e MERS * Bowel

* Multiple sclerosis * Toxoplasmosis ® Hepatitis B e Kidney

e Rheumatoid arthritis * Legionella  Tuberculosis * Leukaemia

 Systemic lupus e Malaria * | eptospirosis * Liver
erythematosis e Zika e Campylobacter ¢ Lung

* Type 1 diabetes * Schistosomiasis  ® Malignant melanoma

* Amebiasis * Oesophagus

e Aspergillosis e Stomach

Klein S., 2016
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Sex differences in responses to vaccines

Children

Adults

Aged
adults

Hepatitis B
Diphtheria
Pertussis
Pneumococcal
Rabies

Measles

RTS.,S vaccine
against malaria

Human
papillomavirus

Influenza
Hepatitis B
Herpes virus
Yellow fever
Rabies
Smallpox

Influenza
Td/Tdap
Pneumococcal

Shingles

Greaterin females
Greater in females
Greater in females
Greater in females
Greater in females

Createrin females
or equivalent in
both sexes

Createrin females
Greaterin females

Greaterin females
Greater in females
Greater in females
Greaterin females
Createrin females
Greaterin females

Greater in females
Greaterinmales

Creater in males

Not defined

Not defined
Not defined
Not defined
Not defined
Not defined

Increased infemales

Increased in females
Increased infemales

Increased in females
Increased in females
Not defined
Increased infemales
Not defined
Not defined

Increased infemales
Increased in females
Increased in females

Increased infemales

<12
<2
<2
6-9

<3

<2

5-17

18-49
>18
>18
>18
>18
>18

>65
>65
>65
>65

Klein S., 2016



Immune-related Genes implicated in the sex-based differences in the immune response

X Chromosome

Xp27

D40L
Xp26 p

Xp22 s TLR7
Xp21 me———— CXorf21

Xpll W FoxP3
()
N

Xq13 M= XIC CXCR3

Xq28 WM NEMO *

CD40L
TLR7

Yes

Yes

CXorf21l Yes

FoxP3 No
CXCR3 Yes
NEMO * No
C4 No
HLA No

CD4+ T cell
Adaptive proliferation

Both PAMP recognition

Lysosomal pH
Both optimization

Adaptive Treg regulation
T and B cell
Adaptive trafficking

Both NF-kB activation
Complement system
Innate - classical pathway

T cell antigen
Adaptive presentation

Chromosome 6

6p21 w— C4 HLA

Gadi N., et al, 2020



X-Linked Genes Associated with Sex Bias in Cancer or Autoimmune Diseases (1)

Association |Association with . .
Y homologue Association with
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X-Linked Genes Associated with Sex Bias in Cancer or Autoimmune Diseases (2)
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X-Linked Genes Associated with Sex Bias in Cancer or Autoimmune Diseases (3)
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Sex differences in factors that affect infection and immunity in COVID-19
SARS-CoV-2 binds to ACE2 to initiate host cell entry. This activates the viral RNA sensors TLR3/7/8 and RIG-I-MDA-5, which induce secretion of IFNs and other
inflammatory cytokines, leading to innate and adaptive immune responses. In each of these steps, sex differences may shape the antiviral immune response.

Viral entry, sensing, and cellular response

SARS-CoV-2 B

entry viaACE2 b %{ﬂ‘;

AF/M? nsics
Y, e

Lung

epithelial cell (

Viral RNA

sensing
AF

TLR3,TLR7, TLR8

NF-kB/IRF-

AF/M Factors elevated
in females or males

mediated signaling
AF

Innate immune response Adaptive immune response
oType I/IIlIFN Q T ceII response
secretlon
v & Monocytes
L
; S Dendrltlc cells ‘/%
e '. Macrophages . * oy
- {: 8 e Activation of innate immune Bcell response
Inflammatory cells and proinflammatory

* cytokines Neutrophils cytokine secretion Am

ACE2, angiotensin-converting enzyme 2. F, female; IFN, interferon; IRF, interferon
regulatory factor; M, male; MDA-5, melanoma differentiation—associated protein 5;
NF-xB, nuclear factor kB: RIG-I, retinoic acid-inducible gene 1; SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2; TLR, Toll-like receptor.

Takahashi T. and lwasaki A, 2021



Sex Hormones and their effects on immunity and relevance to COVID-19

Hormone
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ACE2 receptor expression in tissues
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Virus respiratori: SARS-CoV2, Influenza e
Virus Respiratorio Sinciziale (RSV)




Casi di virus respiratori negli USA
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2023-24 Influenza Season Week € ending Feb 10, 2024
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Currently Hospitalized Patients with Confirmed COVID-19, by Week, in The United States, Reported to CDC
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Provisional COVID-19 Deaths, by Week, in The United States, Reported to CDC
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Early Indicators

Test Positivity

% Test Positivity

9.3%
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'0.6% in most recent week

—

Dec 23, 2023 Feb 10, 2024

COVID-19 Update for the United States
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1.8%

(February 4 to February 10, 2024)

Trend in % Emergency Department Visits

'5.3% in most recent week

\

Dec 23, 2023 Feb 10, 2024

These early indicators represent a portion of national COVID-19 tests and

emergency department visits. Wastewater information also provides early indicators

of spread.

Severity Indicators
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Weighted and Nowcast Estimates in United States for 2-Week Periods in 10/29/2023 - 2/17/2024

i’-"' Hover over (or tap in mobile) any lineage of interest to see the amount of uncertainty in that lineage's estimate.

Nowcast: Model-based projected
Weighted Estimates: Variant proportions based on reported genomic sequencing results estimates of variant proportions
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Numero di decessi
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Monitoraggio delle varianti di SARS-CoV-2

Tabella 2 - Stime di prevalenza delle principali varianti di SARS-CoV-2 in Italia
(casi notificati dal 15 al 21 gennaio 2024)

Lignaggio Prevalenza (%) Hang;ezr;u:;;n:a fie] e
JN .1 7,0% (0.0 - 100%)
GO 7.3% (0,0 - 100%)
BA.2.86 6,1% (0,0 - 100%)
xBB.19 1.7% (0,0 —25,0%)
XBB.1.16 0.4% (0,0-42%)
xBB.2.3 0,2% (0,0-11,1%)
XBB.1.5 0,2% (0,0-3,7%)

Nota: | ignaggr mportah comprendono i relatng soffo-kgnaggy non soggeth a classificazione specifica (ECDC, WHO).
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