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Program Objectives

Upon completion of this program, participants should be able to:

» Understand the recent discoveries in
primary immunodeficiencies especially
Job’s syndrome, LAC-1/CGD and SCID

« Indentify unusual patients with unusual
immune disorders and know how to carry
out his/her investigation of patient’s
immunodeficiency
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Sibling A
* 5 year old girl
* Omphalitis, perianal abscess in the
neonatal period
* History of numerous skin infections,
PEDIGREE pneumonia and recurrent otitis media
* Frequent hospitalizations in spite of
UPDATES ON LAD-1 aggressive prophylaxis
* Severe gingivitis, periodontitis
Sibling B
* 3 year old boy
THE WORLD RETENED BY JOB onoo Iﬁlﬂlﬂééé d) d) * Omphalitis and elevated WBC in the
OTHER FACE OF RAG1/RAG2 DEFECTS neonatal period
* Staphylococcal sepsis, typhlitis
t t * Nonhealing skin ulcer following
SIBA SIBB staphylococcal cellulitis
* Gram negative bacterial arthritis,
cellulitis
* Multiple admissions

UPDATES ON CGD

B2 integrin L
R Clinical features:
te ® Extreme leukocytosis (15,000 to 70,000/mm3)
Leukocyte ® Delayed separation of the umbilical cord, omphalitis

r ® Severe gingivitis, periodontitis

Absent or
defective in Cysteine- _,|
rich repeats

T
TIGHT ADHESION ROLLING M

® Recurrent necrotic skin, soft tissue and organ
infections, inflammatory bowel disease

® Poor wound healing with dysplastic cutaneous
scars Sibling A

Surface expression (Unstimulated)

Lymphocytes
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Patient 1:

* Caucasian male born to non-consanguineous parents

* Delayed cord separation at 2-1/2 mos

* Pseudomonas sepsis at 10 months of age

* Persistent groin ulceration requiring debridement and multiple skin grafts
* Developed colonic and perirectal ulcers

* Matched unrelated bone marrow transplantation at age 21 was
complicated by severe graft versus host disease and death.

Case Presentation
Patient 3:
* 37 year old Caucasian male born to nonconsanguineous parents
* At age 10, presented with poor wound healing after tracheostomy for
complicated croup
* At age 18 exploratory laparotomy for presumed appendicitis, diagnosed
with Crohn’s Disease.
* Recurrent poor healing ulcers on the legs and thighs
* Severe gingivitis and periodontitis, loss of permanent teeth.
* At age 27 emergency laparotomy for ileocecal stenosis resulted in right
hemicolectomy
* At age 35, he was started on infliximab for LAD-1 associated colitis

WHERE DO THE CD 18+ LYMPHOCYTES COME
FROM?

« Are they maternal?

« Could they be transfusion related?

e |Isthisare ion/mosaicism?
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Case Presentation

Patient 2:

* 29 year old Caucasian female born to non-consanguineou:

* 10 days of age, developed omphalitis

¢ Diagnosed with LAD-1 at 9 years of age

* Developed subglottic abscess at age 10 and osteomyelitis of left ankle at
age 14

* At age 16 had extensive colitis with perianal fistula formation

* Extensive gingivitis and loss of most permanent teeth

PATIENT 1 ConTROL

PATIENT 2

PATIENT 3

Neutrophls  Lymphocytes CD18 expression in circulating WBCs
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FMEP2 | oo% All 3 patients had small subsets of CD18+ memory effector
Reid cytotoxic T cells (CD3+, CD8+ and CD57+ and CD4-, CD20-,
— fr CD27-, CD28-)
* >95% of the CD18+ cells were TCR af
co1s * 1% and 5% of all the CD18+ cells from patients 1 and 2
were CD3-/CD56+/16+
The CD18+ cells were also perforin+, consistent with their
cytotoxic potential.
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Microsatellite assays were run for CD3+/CD18+ vs
CD3+/CD18- cells from 3 patients
Seven distinct microsatellite sequences were amplified by e H e .
the PCR, data assessed for unique microsatellite AsCmezing carmansiar Pt | :
polymorphisms T e R e e 8
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Identical patterns for the CD18+ and CD18- lymphocytes:

Transfection of wild-type and mutant CD11/CD18 dimers
into COS-7 cells and evaluation of dimer formation

CDLU/CD18 Expression

co18
CDUaB  cDubas  cDilens  allotype

. *Neither Y131S nor G284S
CD18 mutants supported
CD11/CD18 co-expression

«All 3 patients had reversions of their mutant alleles that arose in them

primarily and appear to be limited to the hematopoietic compartment « Revertant Y131F supported

full CD11a-c/CD18 co-
expression

 The revertant G284R also
supported CD11b/CD18 and
CD11c/CD18 co-expression,
but CD11a/CD18 expression
was significantly lower than
that of the wild-type.

Log fluorescence intensity

Percent gated positive cells (%GP),
Mean Fluorescence Intensity (MF1)
Expression Index (EN)= %GP x MFI

RESULTS:

What is reversion or somatic revertant mosaicism?

We have identified three adult LAD-1 patients with somatic mosaicism who

survived into adulthood without allogeneic bone marrow transplants. Rare cases of somatic mosaicism resulting from reversion of inherited mutations have

been reported that lead to attenuation of blood-cell disorders .

Allelic change was observed only in the genomic DNA from a small subset An act of nature- leading to a sort of somatic gene therapy

of circulating CD8+ T cells, The impact of the revertant cells, particularly their representation in the peripheral blood
pool, serves to predict the number of revertant cells needed to gauge the lower limits
Microsatellite analyses proved that the lymphocytes carrying both the needed for successful gene correction or transplantation.

mutant and revertant CD18 alleles were endogenous in each patient. The revertant mosaic is a mutant that has regained the wild-type phenotype, either

partially or completely

In two patients with different homozygous missense mutations, reversion
was not to the wild-type but to a third amino acid.

Somatic revertant mosaicism have been described in
Epidermolysis bullosa,
Tyrosinaemia type I,
Duchenne muscular dystrophy,
Lesch- Nyhan disease
Charcot-Marie-Tooth disease type 1A
Fanconi anemia
Revertant mosaicism has been described in primary T cell defects:
Adenosine deaminase (ADA)deficiency
X-linked severe combined immunodeficiency
(X-SCID)
Wiskott-Aldrich Syndrome (WAS)

In contrast to reports in patients with immunodeficiency, our patients 1 and
2 had novel reversions that partially or fully restored the function but were
not WT.

It is the reversion to relatively normal function that is important in the
expansion of these cells, and not the reversion to WT sequence.

Children's CME 1-8-2009
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Spontaneous reversion of mutations are more valuable if the . . .
corrected cells acquire a selective survival or growth advantage. We are unable to determine the e_ar“eSt_ time
A similar survival or growth advantage may have helped these point these cells were detectable in peripheral
long-lived memory effector T cells populate and persist in the blood since we do not have PBMCs dating as
peripheral blood in LAD-1. . .
early as birth or infancy.
The limitation of reversion mutations to subsets of cytotoxic
lymphocytes in LAD-1 suggests that the cytotoxic T cells have N . .
some predisposition to mutation through their propensity for Whether the_se IeVGI’S_IOﬂ muta_tlons have any
DNA rearrangement and to positive selection, possibly through effect on patient survival remains to be
their anti-infective capacity. determined
Inflammatory bowel disease in all three patients leaves open
ﬂwe possibility that these cells may be disadvantageous to the Could these reversions be the cause or
ost. . . .
consequence of long-term survival in this

severe immunodeficiency?

Chronic Granulomatous Disease (X, AR)

* Recurrent life-threatening infections with catalase-positive
bacteria and fungi and tissue granuloma formation

« Infections: pulmonary, cutaneous, lymphatic, hepatic, bone

» Bacteremia rare
Frequent offenders (5 most common): OUTSIDE o0
S. Aureus * most commn pathogen RN
S. marsescens INSIDE
B. cepacia
Nocardia spp. Cytochrome gxg

Aspergillus spp I iy s e o Cytosolic factors
Others:

Chromobacterium violaceum

Paecilomyces spp.

Granulobacter bethesdensis

phox

Activation

NADPH NADP+
rac

pawhox

p57pho><
hox
pad®!

Diagnosis of Chronic Granulomatous Diagnosis of CGD: DHR Assay

Disease (X, AR) Normal (XS o gp91Phox
| deficient
Dx-  PMN nitroblue tetrazolium reduction (NBT) : ] CGD (X-
PMN dihydrorhodamine 123 oxidation (FACS), : ¥ i ' linked)
Chemiluminescence, Staph killing ;

NBT reduction g gl \NBT reduction
by purified . L > by purified
normal neutrophils
neutrophils 2 - from an X- { P e
following linked CGD P47ph°X ' X-linked
stimulation i - Bl carrier deficient F |

with PMA and g i CGD
calcium - CGD

ionophore . (AR)

neutrophils fro
fail to reduce
appear clear

carrier
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Genetics of Chronic Granulomatous
Disease (X, AR)

X-linked, chr. Xp21 (70% of cases)

Defect in gp91phox
Carrier females are mosaic (Lyonization)
About 1/3 of carriers are sporadic, from sperm

Autosomal recessive (30% of cases)
Defect in p47phox: 20-30% (Chr 7)
Defect in p67phox: <5% (Chr 1)

Defect in p22phox: <5% (Chr16)

1/2000 carry the gene for the most common AR form

* The DHR- cells, buccal mucosal epithelial cells and peripheral blood
mononuclear cells had the mutation 676C>T causing a premature stop
(R226X) in CYBB.

* DHR+ cells had the wild-type sequence, 676C leading to a normal
protein.

* His mother is not a carrier by both DHR and sequencing so patient
represents a de novo mutation

* Majority of his peripheral blood and all his buccal cells were mutant,
and only a small percentage reverted to normal

* We believe that he has reverted the mutation in a small population of
his neutrophil precursors.

* Exploration of other cell lines (lymphoid, monocytes, etc) is underway.

® This is the first report of a reversion mutation in X-linked CGD, and the
only report of a reversion mutation affecting neutrophils in a primary
phagocyte defect.

Hyper IgE Syndrome (HIES)

e Autnsomal Daminant dian{h_:r_‘formerly known as Job’s

ified in 2007

sheaaing, ana recurre!
* Staphylococcal skin
* Lung cysts.

* Recurrent infections. |
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SOMATIC MOSAICISM IN CGD

A 20-year-old man with X-linked CGD
and severe inflammatory bowel disease
requiring colonic diversion.

He had two distinct populations of
neutrophils by neutrophil oxidative burst
testing of peripheral blood. In two
independent measurements of neutrophil
oxidative burst by dihydrorhodamine
(DHR) assay, 98% of peripheral blood
neutrophils failed to oxidize
dihydrorhodamine (DHR-), while 2% had
a normal oxidative capacity (DHR+).

Sorted DHR+ and DHR- cells were
studied by microsatellite analyses, which
proved patient origin of both the DHR+
and DHR- cells.

UNSTIMULATED

PMA TREATED

27 year old woman

Referred from her inter

nist for evaluation

of recurrent cutaneous boils with S.

aureus and an IgE of
“Bronchitis and sinus

12,376 IU.
itis at least once a

year” and persistent eczema requiring

topical steroids. Nev:

er been

hospitalized but is having “more trouble”

lately.
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Dominant-negative mutations in the DNA-binding domain
of STAT3 cause hyper-IgE syndrome
STAT3 Mutations in the Hyper-IgE Syndrome
Amino
Acd 1 130 320 465 585 688 770
AN T SITYREr ¥
WQLS  Q LlA NVIMADLC Phosphorylation
wQ Q de M sites
wQ M
wQ M
wQ M
w M
w
DNA Binding SH2 Domain
1144 C->T; R382W 1832 G->A; S611N
1145 G->A; R382Q 1861 T->G; F621V
1150 T->C; F384L 1865 C->T; T622I
1151 T->C; F384S 1909 G->A; V637TM
1268 G->A; R423Q 1915 C->G; P639A
Nature. 2007 Aug 30;448 1381 G->C; v461L 1939 A->G; N647D
1387 delGTG; V463del 1954 G->A; E652L
Ahmed Gharib MD, Roderic Petiigrew, PhD, MD N Engl | Med 2007;357:1608-19. 1393 T->G; S465A 1970 A->G; Y657C
Scoring System with Clnical and Laboratory Tests for Individuals in Kindreds with HIES .
po— HIES Score and STAT3 Mutation Status
(CLICAL FRNDICS 0 L 1 3 4 § 5 7 § 10
Fighest serunvgk leel [[Umi* 20 200-500 S01-1,000 1,001-2,000 >2,000
Skin abscesses Noxe 1= 4 >4 100
Preunonic (zpisodes over lferime Nose 1 1 3 3 ]
Parenchyml lung anomalics Absent Bronchiectasis Prewnatacele
Retained primary teeth None L 2 3 >3
Scolosis, masimum cunature ar LSt 1226 pud 75+
Fctues wih i ruma Nox 12 » 2
Highest eosincpail count (celllf a0 700-800 800 ]
Chancterisic fice Absent Mildly presen: Tresent “ 504
Midlne aromaly! Absant Hresent ] Children
Newbn sh Absnt Brset w -
Eczema (worst stage) Absent Mid Modeate Severe I 25
Upper resiratory nfections per ear 12 3 44 % «?
Cendidiasis Noe oul  Fagemals Systenic .'l
Gther serious nfectons None Severe
Fanal infection Absant Present 0-—.‘_‘, ¥ L T
Hyererrensibiiey Absent Prestr Wild type Mutated
Lymphoma Absent Drestat
Inereased nasal width* <1SD 125D >15D
High palate Absent Prasent
Yougzge comecion >3 yeirs 15 yeas 12yas <l yer

Signal Transducer and Activator of
Transcription (STAT) STATS3

Family of 6 highly conserved proteins

; Key mediator for many pathways
Get signal from receptor complex to nucleus y yp y

including those of the immune system,

Bind to each other and to other proteins cancer, wound healing, vascular
Bind to DNA remodeling. Expressed widely in most
Turn on or off specific genes tissue types.
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HIES

 Stay tuned: more molecular work being
done

» Mosaic patient may be critical to help
explain pathophysiology

An Immunodeficiency Disease
with RAG Mutations and Granulomas

Patient 1:
5 year old Caucasian male referred for immune evaluation

Medical history significant for:

Evans syndrome at 10 months(Treated with steroids, IVIG,
cyclosporine, vincristine)

Neutropenia at 20 months

Guillain-Barre at 2 % years (treated with IVIG)

Persistent hemolytic anemia, thrombocytopenia and
neutropenia at 3 years (received 4 doses of Rituximab
combined with steroids and cyclosporin)

Psoriasis

Vitiligo at 4 years

Infectious Disease hsx:
2 recent pneumonias, bronchoscopy revealed H. influenza

No opportunistic infections

Nonspecific colitis, bacterial overgrowth

Children's CME 1-8-2009

Patientl:
5 year old Caucasian male referred for immune evaluation

Medical history significant for:

at 10 months(Treated with steroids, IVIG,

cyclosporine, vincristine)

at 20 months

at 2 %2 years (treated with IVIG)
Persistent hemolytic anemia, thrombocytopenia and
neutropenia at 3 years (received 4 doses of Rituximab
combined with steroids and cyclosporin)
at 3.5 years
at 4 years

Chest CT: mild bronchiectasis

scarring from previous infections

10
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LABS:
Low IgG level at 4 years (1gG: 391, normal IgA, normal IgM,
IgE undetectable),

Protective diphteria and tetanus titer, unprotective
pneumococcal titers.

He was started on IVIG g4weeks

LABS:

WBC: 3.5K, 4% Eos

CD3+/CD4+: 115/mm3

Disease Relative
frequency

Reticular <1%
dysgenesis

Alymphocytosis 10%
ymphocyt 10%

Absence of T 50%

| h 10%
ymphocytes 1%
<1%

Inheritance

Cells Gene
affected Product

?
RAG1, RAG2
?

yc chain
JAK3
IL-7 Ra Chain
?

CD3+/CD8+: 800/mm3
CD19+: 120/mm3
CD3-/CD16CD56: 100/mm3
CD3+HAL-DR+%: 12%

ADA deficiency 20% , B, ADA

Mitogen stimulation: significantly low proliferation
SEQUENCING OF RAG1 AND RAG 2:

TCR VB: all TCR VB families represented Compound heterozygote:

TRECS: very low copy numbers M435V (paternal allele) and R699W (maternal allele)

Von Va2 Vol

Jo Ca
o I - = Il — cermineONA

recombination

Val Ja Co . . . . . .
) : = = Rearanged DNA Mutations in recombination activating genes 1 and 2 (RAG1 and
@ chain P chain g A . 3
wardeription RAG2): cause a spectrum of severe immunodeficiencies
splicing
I variable region (V) p rargjation Classical (T(-)B(-)SCID) and
o J——— Omenn syndrome (OS)
'I| |‘ constant region (C) B --_‘ Increasing number of peculiar cases.

hinge (H)

plicing Hypomorphic mutations leading to reduced V(D)J recombination
translation . . . . . .
may lead to autoimmunity while lacking the characteristic

I tiansmembrane region

VBIDBLIB CBL
Rearanged DNA features of Omenn syndrome and maintaining the ability to form

¢ <EHEE-
recgrnaren specific antibodies

VBn VL DBl _Jj CBL DB2 I8 Cp2
p Germline DNA
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The Clinical spectrum of hypomorphic RAG mutations.

Patient 2:
-Disseminated M. avium complex infection with hepatosplenomegaly, persistent sterile
granulomatous skin lesions, and diarrhea.

Patient has received bone marrow transplant -Low T and B cells with elevated NK cells,
-Abnormal lymph node and white spleen architecture and had a fatty thymus without
Donor was HLA identical unaffected new born sibling Hassel's corpuscles.

-She was compound heterozygous for two RAG1 mutations (R396C, R975Q)
previously reported in Omenn syndrome

Patient 3

-History of multiple severe bacterial pneumonias, herpetic gingivitis, and zoster after
age 2.

-Absent naive T cells and normal levels of other lymphocytes. Normal immunoglobulins
with normal specific antibody titers.

-She was compound heterozygous for RAG1 R474C and del256-7 causing
K86fs

These distinct presentations of hypomorphic RAG mutations highlight the
diverse role of RAG in immune protection and autoimmunity. Recognizing
patients with these RAG mutations is key to earlier diagnosis and treatment,
and improving patient survival.
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