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10 artiklar som har publicerats sedan SLIPI bildades 1999 
och som har förändrat vår syn på primär immunbrist
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Newborn screening – VARFÖR ?

SCID meets most of the criteria for disease that should be 
screened:
1) The patient is symptom-free at birth
2) The condition is lethal if not treated
3) Treatment is available
4) The earlier treatment the better the results

SO, why not been done before?
- SCID is rare
- No available screening method

Development of population-based newborn screening for severe combined immunodeficiency.
Chan & Puck, JACI 2005
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Method

Measuring TREC (T-cell Receptor Excision Circle) on Guthrie kort 

In blood from:

• Healthy newborns

• Children with SCID

• Healthy adults

• As well as T-cell depleted blood from adults

Development of population-based newborn screening for severe combined immunodeficiency.
Chan & Puck, JACI 2005

Method
Why TREC and not CD3 / CD4 ... etc?

• TREC is formed when naive T cells form their T cell receptor, ie the 
number of TRECs reflects the production of new T cells

• Children with SCID may have circulating T cells from the mother, 
=> measuring CD3/CD4 etc could give false normal results

• Maternal T cells are of memory type and do not produce TREC

• In healthy newborns, the number of TREC is about 10% of the total 
number of T cells while healthy adults have about 5 times lower 
levels

Development of population-based newborn screening for severe combined immunodeficiency.
Chan & Puck, JACI 2005
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Development of population-based newborn screening for severe combined immunodeficiency.
Chan & Puck, JACI 2005

Development of population-based newborn screening for severe combined immunodeficiency.
Chan & Puck, JACI 2005
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Wisconsin 2008; all newborn (>37 w. gestational age)

Statewide Newborn Screening for Severe T-Cell Lymphopenia.
Routes et al. JAMA. 2009;302



2017-09-21

6

Statewide Newborn Screening for Severe T-Cell Lymphopenia.
Routes et al. JAMA. 2009;302

1 had Rac2 mutation => HSCT

Criteria used for inclusion of specific diseases in state NBS programs

- the incidence of the disease should be at least 1:100 000 live births 

- the disease must result in serious morbidity or mortality

- early diagnosis and treatment should significantly improve the prognosis

- the disorder must not be readily detected at birth by a routine physical examination

- a sensitive, specific, and inexpensive test must exist that uses existing NBS cards

- a confirmatory gold standard test for diagnosis must be available

Statewide Newborn Screening for Severe T-Cell Lymphopenia.
Routes et al. JAMA. 2009;302
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SCID-X1 = interleukin receptor gamma chain defect 
(T-B+NK- SCID)
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Background:

❖ SCID can be cured by stem cell transplantation
❖ SCID-X1 = ”single gene defect” 
❖ Defect is on the gamma chain (γc) of interleukin receptor 
❖ In mice,  the γc-defect has been corrected by gene therapy
❖ Long-term expression of human γc-gene also been achieved by 

retroviral infection of canine bone marrow
❖ γc-gen transfer confer a selective advantage to the transduced

T and NK lymphocyte progenitors 

Why is this paper important?
First report of SCID treatment with gene therapy?  

Gene Therapy of Human Severe Combined ImmunodeÞciency (SCID)ÐX1 Disease
Cavazzana-Calvo,al, Science 2000

Method:

❖ 2 patients with SCID – 8 and 11 months old

❖ 4,6 resp 9,8 x 106/kg CD34+ cells (marrow harvest)

❖ The cells were preactivated, then infected daily for 3 days with the 
γc vector–containing supernatant

❖ ~20 to 40% of the cells expressed the γc transgene

❖ Patients were transfused with their own CD34+ (17 resp 19 x 106/kg) 
without prior chemoablation

Gene Therapy of Human Severe Combined Immunodefciency (SCID)-X1 Disease
Cavazzana-Calvo et al, Science 2000
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Gene Therapy of Human Severe Combined Immunodefciency (SCID)-X1 Disease
Cavazzana-Calvo et al, Science 2000

Dag         +270          +240 
efter re-infusion av CD34+

Gene Therapy of Human Severe Combined Immunodefciency (SCID)-X1 Disease
Cavazzana-Calvo et al, Science 2000
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Gene Therapy of Human Severe Combined Immunodefciency (SCID)-X1 Disease
Cavazzana-Calvo et al, Science 2000

2003
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Background :

TIR-IRAK signal-pathway is 
important in the immune 
defence against most
pathogens

In mice!

Why is this paper important ?

A new form of PID 

Pyogenic Bacterial Infections in Humans with IRAK-4 Deficiency
Picard et al, Science 2003

?

Patients :

• 3 children

• Many infections, early in life, with poor inflammatory response

• Almost always Streptococcus pneumoniae & Staphylococcus aureus

• All known immune deficiencies were excluded

• Normal Ig-levels, incl. specific antibodies against pneumococci (!)

• Conisdered healthy at 6, 7 and 11 years of age

Pyogenic Bacterial Infections in Humans with IRAK-4 Deficiency
Picard et al, Science 2003
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Pyogenic Bacterial Infections in Humans with IRAK-4 Deficiency
Picard et al, Science 2003

Pyogenic Bacterial Infections in Humans with IRAK-4 Deficiency
Picard et al, Science 2003

Decreased response on stimulation with LPS (lipopolysaccharide) and IL-1β but not TNFα

=> defect in TIR-IRAK signal pathway

No mutations in MYD88, TIRAP, IRAK1, IRAK2 & IRAKM  but in IRAK4
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Pyogenic Bacterial Infections in Humans with IRAK-4 Deficiency
Picard et al, Science 2003

IRAK4 deficiency

✓ Selective immunodeficiency in humans – increased 
susceptibilty for pnemococci & Staph. aureus

✓ Patients otherwise healthy, resistant to most 
viruses,other bacterias, funghi, parasites 

✓ Affect patients only early in life

New insight that most infections can be “fought” without 
TLR, IL-1R och IL-18R inducing the important cytokines: 
IL-1β, IL-6, IL-12, TNFα, IFN-γ
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Background :

CVID is present in 20-25% of patients in several family members;  
both autosomal dominant and recessive inhertance

ICOS = "Inducible Costimulator"

• Surface molecules on T cells are expressed only on activated T cells

• Similar to CD28, needed for activation of T cells

• Stimulates all T cell functions (such as proliferation, cytokine production, 

effective B-cells help for antibody production, etc.)

Why is this paper important?

First gene involved in CVID identified

Homozygous loss of ICOS is associated with adult-onset common variable immunodeficiency
Grimbacher et al, Nature immunology, 2003

Cohort of 32 CVID patients + 20 healthy

Findings :

- CVID patients have lower numbers of B cells

- Among CVID patients there were 4 patients 
(in 2 families) who did not have ICOS on 
activated T cells

- Since one of the pat. is female => autosomal 
recessive

- For ICOS to be expressed, stimulation via TCR 
and CD28 must work. The signal road worked 
well; the patients had no other T cell defects 
=>  ICOS is not expressed due to a genetic defect

Homozygous loss of ICOS is associated with adult-onset common variable immunodeficiency
Grimbacher et al, Nature immunology, 2003
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Found a 1815 base-pair deletion in patients with ICOS-deficiency

Homozygous loss of ICOS is associated with adult-onset common variable immunodeficiency
Grimbacher et al, Nature immunology, 2003

443 nucleotide deletion in ICOS mRNA 

Could be : spilicing defect or a deletion in the ICOS gene

DNA amplification: 

✓ First genetic defect identified in patients with CVID

✓ New autosomal recessive immunodeficiency

✓ Mechanism: he T cells can not help the B cells in differentiation 

and isotype switching

✓ Patients have very low levels or lack memory B cells

✓ IgM and IgG decline gradually - CVID onset usually in childhood

Homozygous loss of ICOS is associated with adult-onset common variable immunodeficiency
Grimbacher et al, Nature immunology, 2003

ICOS deficiency :
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Background:

❖ HSV-1 infection is common

❖ 80% of young adults have antibodies

❖ HSE is very unusual - 1: 250,000 person-years

❖ Before acyclovir mortality was ~ 70%

❖ Today, most survive, but neurological sequelae are common

❖ The patients are otherwise completely healthy, without any signs of 

increased infection susceptibility

Describes the ethiology of herpes simplex encephalitis (HSE) 

Herpes Simplex Virus Encephalitis in Human UNC-93B Deficiency
Casrouge et al, Science 2006

Why is this paper important?
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❖ Observation : Patients with NEMO  and STAT1 deficiency develop
HSE due to their decreased interferon(IFN) -α/β and -λ-mediated 
immunity

❖ Stimulated PBMCs with HSV-1 and other viruses

❖ Interferon release in otherwise healthy children with sporadic HSE 
was compared with 50 healthy controls

Method :

Herpes Simplex Virus Encephalitis in Human UNC-93B Deficiency
Casrouge et al, Science 2006

Herpes Simplex Virus Encephalitis in Human UNC-93B Deficiency
Casrouge et al, Science 2006

❖ Decreased Interferon α and β,  while λ only slightly decreased

❖ Normal production of  IFN-γ TNFα, IL1 β, and IL-6

2 patients with abnormal results

1
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Herpes Simplex Virus Encephalitis in Human UNC-93B Deficiency
Casrouge et al, Science 2006

Decreased IFN α production even with 10 other viruses

2

2 patients with abnormal results

Herpes Simplex Virus Encephalitis in Human UNC-93B Deficiency
Casrouge et al, Science 2006

3

Virus detection and release of IFN α/β happens due to signaling
via TLR 3, TLR 7, TLR 8, TLR 9 and partiallys TLR4

Normal response when stimulated with - TLR4 agonist (LPS)
- TLR3 agonist (Poly I:C)

2 patients with abnormal results
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Herpes Simplex Virus Encephalitis in Human UNC-93B Deficiency
Casrouge et al, Science 2006

4

Decreased release of IFN α when stimulated with agonists to
TLR 7, TLR 8, TLR 9

2 patients with abnormal results

Herpes Simplex Virus Encephalitis in Human UNC-93B Deficiency
Casrouge et al, Science 2006

5

UNC-93B needed for TLR 3, 7, 8, 9 function
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Herpes Simplex Virus Encephalitis in Human UNC-93B Deficiency
Casrouge et al, Science 2006

6

UNC-93B was almost non-measurable

Mutation was found
in both patients

Autosomalt recessiv 
inheritance

Herpes Simplex Virus Encephalitis in Human UNC-93B Deficiency
Casrouge et al, Science 2006

7

Cell-death in HSV-1 infection



2017-09-21

21

Herpes Simplex Virus Encephalitis in Human UNC-93B Deficiency
Casrouge et al, Science 2006

UNC-93B brist:

❖ Caused by autosomal recessive mutation on UNC-93B1

❖ Leads to greatly reduced production of IFN α / β needed to fight 

HSV-1 infection

❖ Defense against other viruses or bacteria not affected

ONE gene defect causes defect immunity against ONE pathogen
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Background:
Hyper-IgE (Job’s yndrome)
❖ Recurrent "cold" skin abscesses (usually with staphylococci), 

other organs can also be affected
❖ Recurrent pneumonias (can lead to cysts / pneumatocele)

❖ Eczema
❖ Skeletal problems - pathologic fractures, scoliosis, hyperextensibility,
❖ delayed dental deciduation
❖ Coronary-artery aneurysms
❖ Eosinophilia
❖ Very high IgE levels

Can all these be explained by ONE gene defect? 

Why is this paper important?
Gene defect in Hyper-IgE syndrome identified

STAT3 Mutations in the Hyper-IgE Syndrome
Holland et al, N Engl J Med 2007

❖ The defect causes cytokine
”storm”

❖ Defect signaling via IL-6

Method:
50 patients, 48 realtives och 158 healthy controlsr

STAT3 Mutations in the Hyper-IgE Syndrome
Holland et al, N Engl J Med 2007
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❖ Signaling through JAK, IL-6R and 
gp130 were normal

❖ Defect must be on STAT3

STAT3 Mutations in the Hyper-IgE Syndrome
Holland et al, N Engl J Med 2007

ALL 50 patients had defect on STAT3

STAT3 Mutations in the Hyper-IgE Syndrome
Holland et al, N Engl J Med 2007
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❖ The predilection for skin and lung abscesses due to impaired
defensin production and decreased inflammation (mediated via IL6)

❖ Destructive inflammation in the lung, leading to pneumatoceles

❖ Eosinophilia

❖ Skeletal problems  (due to osteoclast activation)

❖ Coronary-artery aneurysms (due to increased production of TNF-α in the 

cardiac myocytes) 

STAT3 mutation explains :

STAT3 Mutations in the Hyper-IgE Syndrome
Holland et al, N Engl J Med 2007

❖ Found that 8 of 15 patients with HIES had STAT3 mutation

❖
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Background:

❖ About 40% of CVID patients have GI problems, autoimmunity, 

lymphoproliferation, splenomegaly or granulomatous inflammation

❖ CD19+CD27+  =  memory B cells  (mB)

❖ CD19+CD27+IgD− =  “switched” memory B cells (smB)

✓ express IgG, IgA, eller IgE

✓ marker for B-cell activation and development in the germinal centers 

Why is this paper important?
Describes a relation between B-cell populations and CVID 
phenotypes

The EUROclass trial: defining subgroups in common variable immunodeficiency
Wehr et al, BLOOD 2008
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Bakgrund:

❖ CVID classification by B-cell phenotypes:

➢ Freiburg ”panel” (2002) 

✓ 3 groups – smB och % CD21low

➢ Paris ”panel” (2003) 

✓ 3 groups - mB och smB

The EUROclass trial: defining subgroups in common variable immunodeficiency
Wehr et al, BLOOD 2008

❖ 8 immunodeficienty centers in Europe

❖ 303 patients with CVID (ESID criteria)

Method:

The EUROclass trial: defining subgroups in common variable immunodeficiency
Wehr et al, BLOOD 2008
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❖ The symptoms overlap
Metod:

The EUROclass trial: defining subgroups in common variable immunodeficiency
Wehr et al, BLOOD 2008

The EUROclass trial: defining subgroups in common variable immunodeficiency
Wehr et al, BLOOD 2008

?

smB- is a marker of impaired development in the germinal center
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The EUROclass trial: defining subgroups in common variable immunodeficiency
Wehr et al, BLOOD 2008

?

The EUROclass trial: defining subgroups in common variable immunodeficiency
Wehr et al, BLOOD 2008

smB-

• This grouping demonstrates the best discrimination of patients 
with splenomegaly and granulomatous disease 

• Patients in group smB- 21lo and smB+ 21lo had a significant later 
onset and diagnosis than other patients

• Serum IgA and IgG levels were significantly lower in this group
• Patients have a higher incidence of splenomegaly and 

granulomatous disease
• A subgroup with a strong expansion of transitional B cells could be 

identified - more than 50% of the patients presented with
lymphadenopathy

CD21low
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Why is this paper important?
IgG trough levels required to minimize infection risk 

are to be established

Background: 

• IVIG = high doses of IgG can be given

• A study from ’82 showed that 93 mg/kg/4w and a trough of 2,93 g/l 

was enough to avoid penumonias…

• In the 80’s - 100-200 mg/kg/month

• 90’s- och 00’s several publications where IgG through of 5 g/l were

considered enough

Impact of trough IgG on pneumonia incidence in primary immunodeficiency: A meta-analysis of clinical studies
Orange et al, Clincal immunology 2010 
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Method:
Medline + Cochrane 2009  

Impact of trough IgG on pneumonia incidence in primary immunodeficiency: A meta-analysis of clinical studies
Orange et al, Clincal immunology 2010 

Impact of trough IgG on pneumonia incidence in primary immunodeficiency: A meta-analysis of clinical studies
Orange et al, Clincal immunology 2010 
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Impact of trough IgG on pneumonia incidence in primary immunodeficiency: A meta-analysis of clinical studies
Orange et al, Clincal immunology 2010 

Trough IgG increased 1,21 g/l with each additional 100 mg/kg in IVIG dose

Impact of trough IgG on pneumonia incidence in primary immunodeficiency: A meta-analysis of clinical studies
Orange et al, Clincal immunology 2010 
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Impact of trough IgG on pneumonia incidence in primary immunodeficiency: A meta-analysis of clinical studies
Orange et al, Clincal immunology 2010 

Pneumonia incidence with maintenance of 5 g/l IgG 
trough levels was 5-fold of that with 10 g/l

Pneumonia incidence declined by 27% with each
1 g/l increment in trough IgG
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Standardizing immunophenotyping for the Human Immunology Project
Maecker et al, Nat Rev Immunol 2012

Describes the current state of the flow cytometry standardization 
process

Summarizes the steps required to enable the Human Immunology Project

Why is this paper important?

Background :

”… whereas the information content of immunophenotyping
assays has grown exponentially in recent years, their level of 
standardization has not...”

” … even well-characterized subsets, such as naive and memory 
T cells, are defined differently in various studies…”

Standardizing immunophenotyping for the Human Immunology Project
Maecker et al, Nat Rev Immunol 2012

The Human Immunology Project

• Consortium program of the NIAID Division of Allergy, 
Immunology, and Transplantation 

• Well-characterized human cohorts are studied using a variety of 
modern analytic tools

✓ Consensus regarding markers and definitions, leading to 
a standardized immunophenotyping panel for human 
immune monitoring

✓ Define profiles/signatures/fingerprints of steady-state 
and activated human immune system
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Standardizing immunophenotyping for the Human Immunology Project
Maecker et al, Nat Rev Immunol 2012

Reagens
• Definition of standard antibody panels for 

immunophenotyping

Blodprov
• Sample handling 
• Training of sites to cryopreserve PBMCs and/or to do 

staining on-site

Standardizing immunophenotyping for the Human Immunology Project
Maecker et al, Nat Rev Immunol 2012

Instrument

• Use of software for automated setting of 
voltage gains

• Setting the fluorescence of standard 
beads to defined target channels, for 
reproducible setup across instruments
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Standardizing immunophenotyping for the Human Immunology Project
Maecker et al, Nat Rev Immunol 2012

Data
• Central analysis by one or a few coordinated experts
• Use of automated gating algorithms

Standardizing immunophenotyping for the Human Immunology Project
Maecker et al, Nat Rev Immunol 2012
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Standardizing immunophenotyping for the Human Immunology Project
Maecker et al, Nat Rev Immunol 2012
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Why are these papers important?
First publication about haplotransplantation

Bakgrund: 
• Transplantationer with HLA-identical donor were ”rutin”

• However ~ 40% of patients lack matching donor…

• Haplotransplantation is associated with many serious risks: 

GVHD, graft-rejection, toxicity of the myeloablative agents etc.

Durable engraftment of major histocompatibility complex–incompatible cells after nonmyeloablative
conditioning with fludarabine, low-dose total body irradiation, and posttransplantation cyclophosphamide

Luznik, et al, Blood 2001 

Method + Results

Durable engraftment of major histocompatibility complex–incompatible cells after nonmyeloablative
conditioning with fludarabine, low-dose total body irradiation, and posttransplantation cyclophosphamide

Luznik, et al, Blood 2001 
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“…these results indicate that stable engraftment of MHC-
incompatible cells can be induced after fludarabine
based, nonmyeloablative conditioning…”

Durable engraftment of major histocompatibility complex–incompatible cells after nonmyeloablative
conditioning with fludarabine, low-dose total body irradiation, and posttransplantation cyclophosphamide

Luznik, et al, Blood 2001  

Durable engraftment of major histocompatibility complex–incompatible cells after nonmyeloablative
conditioning with fludarabine, low-dose total body irradiation, and posttransplantation cyclophosphamide

Luznik et al, Blood 2001 
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“…nonmyeloablative, HLA-haploidentical BMT with post-
transplant cyclophosphamide is a promising approach for 
patients with life-threatening nonmalignant hematologic 
disease who lack an HLA-matched sibling donor…”

Reduced intensity HLA-haploidentical BMT with post transplantation 
cyclophosphamide in nonmalignant hematologic diseases

Brodskyet al, Bone Marrow Transplant 2008 


