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Outline

» What is the immune system?
—Innate vs Adaptive
—Cells and functions
—Immunoglobulin
= How does it all come together?
» What are the immune manifestations of Bloom’s syndrome?
—B cells
—T cells
—Immunoglobulin
= When to refer to immunology?
» What sort of testing can be done? What does it mean?
» What treatments are available? When should they be considered?
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Why do we not get sick every single day?




Functions of the Immune system

* |dentify threats
= Mount an attack
= Kill the iInvaders

» Remember that strategy for the next attack
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How does it accomplish this?

Physical barriers

= Mucous membranes in nose, throat,
bowel, bladder and genitals

Mechanical barriers

» Cilia and mucus

» Cough and sneeze

= Vomiting and diarrhea

» Flushing: tears, urine, saliva, sweat
Chemical neutralization

= Enzymes

» Stomach acid

|dentifies and destroys germs

= Cells of the immune system

Mucous membranes
J———————— In nose and throat

Tonsils
Lymph nodes
Thymus -
Spleen
Bowel
Mucous membranes
in bladder and
genitals
Bone marrow
Skin

What are the parts of the immune system?

www.ncbi.nlm.nih.gov

2 NewYork-Presbyterian Kips @& Weill Cornell Medicine
Komansky Children’s Hospital



Two main branches of the immune system:

Innate and Adaptive.

Anatomical and Innate Adaptive
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What is the difference between innate and adaptive

Immunity?

» |[nnate immune response

— Cells are non-specific

Microve — Distinguish invader from human but not

Innate lmmunlty Adaptive immunity one invader from another

B lymphocytes .
5&1?0",2"' N — Very fast (minutes to hours)
— No memory, responds the exact same
phagocyms 2;’,,';“""" N Effector T cells way every time.

2% = 4 = Adaptive immune response

Complement  NK cells — Highly specific for each invader
H // Days .

. 11 : 1 - — The adaptive response can tell one germ
Time after infection ———— >

from another
— Can take weeks

— Has memory: the adaptive system
responds faster and stronger each time
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What are the cells of the innate iImmune system?

Myeloid stem cell

Myeloblast

Granulocytes
Basophil
:’Q

D

B lymphocyte /

A0 ‘/Blood stem ce"\\@

Lymphoid stem cell

Y

@\.

Lymphoblast

\

@@

T lymphocyte killer cell

Plasma cell

Red blood ' .
cells = Neutrophil
A= ¢ §A e
2P ' e
Platelets

|
White blood cells
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How do the innate cells do their job?

Neutrophll Pathogen N |
h.; : Phagocytosis gaf
&z °{ + F - =) /- J .
— | e Chemoklne\ s ;
pronnﬂammatory FLEltELEe)
Macrophage | mediatorS/
0 N j Phagocytosis G
Y, "% N Activation of
Dendritic cell adaptive response
12 End i \ . -
9 0L & ndocytosis g
oy .
Natural killer cell \U " Kiling of

| g
©-6 — o6 —i
O
0°0

Infected cell
containing pathogen

Murphy KM, Travers P, Walport M.: Janeway’s Immunobiology. 2008
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What are the cells of the adaptive immune system?

A0 ‘/Blood stem ce"\\@

Myeloid stem cell Lymphoid stem cell

Y

@\.

Myeloblast Lymphoblast

B lymphocyte ¥ \
@@

- Natural
T lymphocyte killer cell

Granulocytes
Basophil
:’Q

D

Red blood '
cells o
3:‘::. 6

Neutrophil
s ' - Plasma cell |

|
White blood cells

Platelets
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The adaptive immune system : Humoral vs Cell

MediatedB cells

Humoral Cell-mediated
immunity immunity
Microbe * * °
e\

Intracellular

—

cytosed microbes

Extracellular Phago €
microbes microbes in (e.g., viruses)
macrophage ' replicating within
" infected cell

Responding
. lymphocytes d

B lymphocyte

Secreted
antibody

Effector \ f*
mechanism "ﬁ
XY %

Serum Cells Cells
Transferred by {antibodies) (T lymphocytes) . (T lymphocytes)

Block Activate | Kill infected

infections and | | macrophages cells and

Functions eliminate to kill eliminate
extracellular phagocytosed reservoirs
microbes microbes of infection

Abbas, Cellular and Molecular Immunology 2014
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T cells and cancer - CAR T cells

CART cell

IN THE CLINIC
The white blood cells, | Blood is
including T cells, are taken,
from the
separated out, and StiohE
the rest of the blood |
is returned to the \ 8 :
patient.
The receptors The CART cells identify the cancer
are attracted to cells with the target antigens, and kill
Tcells targets on the them. CART cells may remain in the
are sent \ surface of the body for some time to help prevent
:-’Obthe b3) o cancer cells. the cancer cells from returning.
a S
Blood @a\ga) IN THE CLINIC
@ 5 CART cells are put back into the patient’s
e bloodstream, typically after chemotherapy is

% )\?} given to make space, and continue to multiply.

N
@ IN THE LAB/MANUFACTURING FACILITY
T cells are engineered to find and kill cancer cells.

i % ~\Virus

An inactive virus is The genes cause the T cells

used to insert genes to make special receptors, CART cells) are multiplied

into the T cells. called CARs, on their until there are millions of
surfaces. these attacker cells.

© Fran Milner 2017
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Remove blood from
patient to get T cells

CAR T cells bind to cancer
cells and kill them
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T cellsattacking cancer Cellgrﬁ,}

i Td

CAR-T celis attacking cancer cells
Photo Source: Slean Kettering Cancer Center; courtesy of Prasad Adusumilli
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The adaptive immune system : Humoral vs Cell Mediated

Humoral Cell-mediated
immunity immunity

Microbe # *

= Intracellular
Extracellular Phagocytosed microbes
microbes microbes in (e.g., viruses)
macrophage ' replicating within
" infected cell
Responding
lymphocytes
Ampndaes | e
B lymphocyte T lymphocyte
Secreted
antibody

Effector \ f*
mechanism "ﬁ
NS

Serum Cells Cells
Transferred by {antibodies) (T lymphocytes) . (T lymphocytes)

Block Activate | Kill infected

infections and | | macrophages cells and

Functions eliminate to kill eliminate
extracellular phagocytosed reservoirs
microbes microbes of infection

Abbas, Cellular and Molecular Immunology 2014
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What are immunoglobulins?

-+ of microbes

*-L Neutralization
and toxins

Opsonization and

phagocytosis
of microbes

Antibodies

Antibody-
dependent cellular
cytotoxicity

Phagocytosis of
microbes opsonized
with complement
fragments (e.g., C3b)

Inflammation I
Lysis of microbes I

Complement
activation

» Immunoglobulin are antibodies
— They help identify pathogens to other

cells and complement
. 2 NewYork-Presbyterian Kips @& Weill Cornell Medicine
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What are immunoglobulins?

= There are 4 major types of immunoglobulin
—IgM, IgA, 1gG, IgE

= |gM is the initial antibody found on B
cells

= Once activated by T cells B cells can
switch to IgA, 1gG and IgE

s |gA is mostly on Gl and Respiratory
Tract

s 1gG is the primary circulating
antibody (IgG1-4)

= |gG2 is necessary for killing sugar
coated bacteria (pneumococcal, HIB
which are common respiratory
bacteria)

= |gE is for killing parasites and involved
in allergic reactions.

17
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How does it all come together?

Cfﬂ-d_’l’athogen - __\g A _( "

P Dendritic cell
HT R ﬁ’ B cell
/ Chl‘:ok‘;nes\ Initial attack
6 . Move to lymph node

o|°o
)

Neutrophil
Innate immunity

xmzrozcen Adaptive immunity

R

Antibody
immunity
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Patient presentation — Zack Rogers

= After my cancer treatment, it was discovered = Eventually the decision was made that it was not
through routine follow-up blood work that my IgG ~ worth the risk of having IgG levels that low, and |
levels were low. | was sent to an immunologist have received IVIG therapy (out-patient) in the
who ran more tests and discovered that | had no  hospital about every 8 weeks to this day. The
immunities to my childhood vaccinations, and therapy makes me feel better overall. | sleep
although he was concerned about all my IgG better, | am not as fatigued during the day, and my
levels, he was very concerned about my IgG2 allergies and stomach upset are improved. | can
level of 12. He gave me the Prevnar vaccine then tell from my body when it is time to have IVIG,
checked my immune response 2 weeks later. and it is personalized to when | decide to come in,

There was no immune response. It was repeated  usually about every 8-10 weeks. We have found
twice with the same result. It was recommended that keeping the infusion slow reduces side

that | receive IVIG therapy on a regular basis. effects such as kidney/back pain, and the nurses
There were a lot of conflicting opinions in the that administer it follow a treatment plan that is
Bloom's syndrome community regarding the personalized for me that differs from the normal
benefits of IVIG, and we struggled with the rate of flow for someone else my age or weight.

decision. | rarely got sick and there was no
evidence, except on paper, that my immunities
were low. My pediatrician concurred that | got sick

Cold Spring Harb Mol Casa Stud, 2018 Apr; 4(2): a002816. doi: 10,1101/mecs.a002816

PMCID: PMC5880269 | PMID; 29610394

less often than my siblings. It was assumed that Bloom syndrome: research and data priorities for the development of
my immunities had always been this low and were J precision medicine as identified by some affected families

a symptom of the syndrome and not of the cancer [ wary seth Camonen, 12 Wesiey 0. Campben, ' James Aogers,” Natale Rogers,
treatment. Zachary Bogers." Anne Marle van den Hurk,' Annie Wehb," Talon Webb,' and Paul Zaslaw'
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What is the immune defect in Bloom’s Syndrome?

» The BLM gene is important in maintaining genomic stability

A Rescue stalled forks B Help resect dsDNA
=
e 2
®RPA ~ . EXONUCLEASE |
F Unwind pesky DNAs \fi C Dissolve double HJs
485 G4 DNA \ =
= AN e ,_’; !92

j /0“\ ¥ T0POISOMERASE llla

E Separate tangled strands D Dissociate joint molecules

@ POLYMERASE

» B and T cells undergo a higher rate of gene rearrangement and replication than most cells of

the body
— DNA repair is essential for the development of the antigen receptors on B and T cells

— also needed for cell proliferation

— B cell class switching
2 NewYork-Presbyterian Kips @& Weill Cornell Medicine
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How does Bloom syndrome affect the cells?

B cells — antibody producing cells = T cells —two types killer cells and helper

- Typically, total number of B cells is normal cells

- Decreased mature B cells with normal or — Total T cell number is significantly lower
increased naive mature and transitional B in children and low in adults

cells decreased (suggests impaired — CD4+ helper T cells are decreased in all
maturation) patients

- Immunoglobulins may be low — CD8+ killer T cells low normal
- Possibly due to impaired maturation — Absolute CD4 CDS8 naive, effector and

memory T cell populations are reduced
but have a normal distribution

. ’

Infected cell is killed by cytotoxic Tcell ..
by activation of nuclease that cleaves orne. Mea.c'n’e

21 host and viral DNA

- Or due to defective stimulation by T
helper cells

- Class switch may be impaired

Antibodies
attached to B-

cell
‘Ha-:'.ura‘
.i'1!,(_:»:f1';

Antibodies in Virus infects cell
the bloo

yecreted by B-
cell

Cell expresses
viral anfigens

oL




How does this manifest itself?

Infections in Bloom’s Disease

Children -Ear Infections Adults- Sinusitis

Middle ear A
"'

Balanced
gar pressure

HEALTHY SINUS § : | SINUSITIS

pressure

Clo'.;:edh, pushes

eustachian

tube Fluid build-up Sii‘m
Pneumonia

Bacterial Pneumonia

... Bronchicle

Fluaid and Pos
tilled Air Space
Contains Racteria
and Blood Celis

Open Alr Sscs

byterian KipS @& Weill Cornell Medicine

'n’s Hospital
ePainAssist.com



When to refer to immunology?

* Frequent or recurrent infections

— chronic or recurrent sinusitis despite anatomically corrective surgery,
— more than one pneumonia in a 10-year period
— multiple episodes of bronchitis per year

— bronchiectasis, severe pneumonia with empyema or blood-borne infection

= Infections that are hard to treat

— Require a longer course of antibiotics or IV antibiotics

» Particularly severe infections

— infection requiring ICU stay

» Opportunistic infections

— infections not commonly seen in healthy people and commonly seen in people

with immune abnormalities _
2 NewYork-Presbyterian Kips @ Weill Cornell Medicine
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What lab tests should be done?

* Immunoglobulin levels (LOW)

» Immunoglobulin function (NO OR POOR RESPONSE TO VACCINES)
= Vaccine titers

» Lymphocyte screen
» Total lymphocytes — MAY BE NORMAL
= Total T and B cells — MAY BE NORMAL

» Total subsets of T helper, T killer and mature memory B cells
DECREASES MAY INDICATE DEFICIENCY
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What are the available treatments?

= Prophylactic antibiotics
—Targeted to recurrent infection
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What are the available treatments?

» Sinus infections
—Daily nasal lavage
—Prophylactic antibiotics

Nasabrops®
Sulinw n Le Gu®
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Treatments

» Bronchiectasis (permanent
enlargement of lung airways)

—Cough assist devices
—Vibration vests
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Treatments?

» Replacement immunoglobulin
— If levels and vaccine titers low
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What is IVIG or SCIG?

= What is immunoglobulin replacement
and how does it work?

— Immunoglobin replacement is a
blood product.

— It contains the IgG antibodies of the
community or group from which the
blood was sourced.

— It is a pooled product, reflects the
antibody of the population as a whole

—Itis not IgA or IgM - it only replaces
1gG

— High doses are used to suppress the
antibody response in people with
autoimmune disease — is not for
everyone.

2 NewYork-Presbyterian Kips @& Weill Cornell Medicine
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Summary:

» No issues? — watchful surveillance
» Recurrent infection?
" Immune workup
* Immunoglobulin + vaccine titers normal but recurrent infection
» Consider prophylactic antibiotics
* Immunoglobulin levels (LOW)
* Immunoglobulin function (NO OR POOR RESPONSE TO VACCINES)

- consider immunoglobulin replacement
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Questions?
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IThank You
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Photo Source: Slean Kettering Cancer Center; courtesy of Prasad Adusumilli
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