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History of SCID

v It was between the years of 1968 and 1973 that doctors 
saw the beginning of this disease and were occasionally 

able to diagnosis a case of SCID; however, if there was no 
Human Leukocyte Antgens-matched sibling, no cure was 

available. 

v Severe Combined Immunodefciency Disease became 
widely known during the 1970s and 1980s, and was dubbed 
the "Bubble Boy Disease” because of the widely-publicized 

case of David Veter, a boy with X-linked SCID, who lived for 
12 years in a plastc, germ-free bubble, due to his extreme 

vulnerability to infectous diseases. 





Basic Description

v Severe Combined Immunodefciency Disease, or “Bubble Boy Disease”, is a 
primary immune defciency, in which both the humoral and cell-mediated 
branches of acquired immunity fail to functon; B and T lymphocytes are 

crippled, due to a defect in one of several possible genes, including 
chromosomes 5, 10, and 19.

v SCID, is a severe form of heritable immunodefciency and of course leads 
to the acquiring of many other diseases—including opportunistc ones such 

as cholera, meningits, ear infectons, recurrent Pneumocystis jirovecii 
pneumonia, and profuse oral candidiasis, which are ofen fatal to the 

defenseless patents.
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v The defning characteristc for SCID is a severe defect in T cell 
producton and functon, with defects in B-lymphocytes as a primary or 

secondary problem and, in some genetc types, in natural killer cell 
producton as well. Research indicates SCID may be caused by a 

cytogenic dysfuncton of the embryonic stem cells in differentatng B-
lymphocytes and T-lymphocytes. The affected individual consequently 
has a very small thymus and litle or no protecton against infecton. 

v However, the many different types of SCID have different causes, most 
of which are related to mutatons on chromosomes and enzymes that 

are key players in both innate and acquired immunity.



Incidence
v Most cases of SCID are due to mutatons in the gene encoding the 

common gamma chain (γc), a protein that is shared by the receptors for 
interleukins and inherited via sex-linked genes.

v These interleukins and their receptors are involved in the development 
and differentaton of T and B-lymphocytes, the major players of acquired 

immunity.
v The result is a near complete failure of the immune system to develop 
and functon, with low or absent T-lymphocytes and NK cells, one of the 

most important players of innate immunity, and non-functonal B-
lymphocytes.

v The most common form of SCID is X-linked SCID, which directly deals 
with the gamma chain. The common gamma chain is encoded by the gene 
IL-2 receptor gamma, or IL-2Rγ, which is located on the X-chromosome. 



v Another type of SCID deals with Janus kinase-3 (JAK3), a tyrosine kinase, 
which is an enzyme that mediates transducton from cytokine receptors 
downstream of the γc signal and interacts with members of the signal 

transducton and actvators of transcripton family.

Other Types

v Yet another type is V (D) J recombination SCID, which affects the process 
by which segments of a B-lymphocyte or T-lymphocyte’s DNA, are 

rearranged to create a new T-cell receptor or B-cell receptor, and in B 
lymphocytes, also a template for antbodies. 

vAdenosine Deaminase Deficiency, the second most common form of SCID,  
is due to a defect on chromosome twenty, which codes for the enzyme. 

Without this enzyme, there is an accumulaton of deoxyadenosine, which 
causes an increase in S-adenosylhomocysteine; both substances are toxic 

to immature lymphocytes, which thus fail to mature. 



Some of The Known Forms of SCID: Gene Lymphocyte 
Phenotype

X-linked SCID (gamma chain gene 
mutatons)

IL2RG T(-) B(+) NK(-)

   
Autosomal Recessive SCID   

Jak3 gene mutatons JAK3 T(-) B(+) NK(-)
ADA gene mutatons ADA T(-) B(-) NK(-)

IL-7R alpha-Chain mutatons IL7R alpha T(-) B(+) NK(+)
CD3 delta or epsilon mutatons CD3 delta or epsilon T(-) B(+) NK(+)

RAG1/RAG2 mutatons RAG1/RAG2 T(-) B(-) NK(+)
Artemis gene mutatons ARTEMIS T(-) B(-) NK(+)

CD45 gene mutatons CD45 T(-) B(+) NK(+)



Treatment

v The most common treatment for SCID is bone marrow transplantaton. 
Histocompatbility bone marrow transplantaton done in the frst three 
months of life has a high success rate, but there is always the risk for a 

graf-versus-host reacton. 

v More recently, gene therapy has proved useful. Transducton of the 
missing gene to hematopoietc stem cells, mainly bone-marrow, using 

viral or bacterial vectors in ADA SCID and X-linked SCID.



Therapeutc optons for ADA-SCID patents comprise bone marrow transplantaton, enzyme replacement or gene therapy. 
Treatment of choice remains bone marrow transplantaton from an HLA-identcal sibling donor, whereas transplants from 

alternatve donors are associated with high morbidity and mortality. Enzyme replacement therapy is no longer used and has 
been substtuted by the development of pegylated bovine ADA.



Bone Marrow 
TransplantvShortly afer the discovery of HLA in 1968, immune functon was 

transferred to an infant with SCID by transplantaton of bone marrow 
from his HLA- identcal sister. 

vOver the ensuing decade, however, lethal graf-versus-host disease 
(GVHD) was found to be a major problem when marrow from HLA-

mismatched donors was used. 
vBecause the defect in infants with SCID leads to a complete absence of T 
cell functon, they cannot reject allografs. Therefore, successful marrow 
transplantaton in SCID does not require pretransplant chemotherapeutc 

conditoning. Prophylaxis for GVHD is also not necessary afer 
transplantaton of HLA-identcal or even rigorously T cell–depleted HLA 

haploidentcal marrow. 
vThese circumstances provide a unique opportunity to employ bone 

marrow transplant as therapy. 



v In a study carried out in Duke University, a physician had performed 
hematopoietc stem cell transplantaton in 132 consecutve infants with 
SCID over 21.3 years, and 102 of them survived. The outcome in all but 

30 of these transplants had been previously reported. 
vThe 132 patents ranged in age from newborn to 21 months at 

diagnosis. All fulflled the criteria of the World Health Organizaton for 
diagnosis of SCID. 

vThe largest number of patents—62 boys from 50 families or 47%—
had X-linked SCID; 8 patents from 8 families had Jak3 related SCID; 17 
patents from 16 families had IL-7Rα related SCID; 22 infants from 19 

families had ADA related SCID; 15 patents from 15 families had 
autosomal recessive inheritance but unknown mutatons; and 4 boys 

with no family history had SCID of unknown type. 

Duke Study on BM Transplant



vImmunologic monitoring was done whenever feasible every 3 weeks 
untl T cell functon was established (usually at 3–4 months post-

transplantaton), then every 3 months for the next 9 months, every 6 
months for the next 2 years, then once a year thereafer.

vAll 117 HLA-haploidentcal and 7 of the 15 HLA-identcal transplants from 
related donors were T cell depleted. 

vThirty-three patents received from one to three additonal T cell–
depleted marrow transplants, from either the original donor or another 

haploidentcal relatve.
vNone of the marrow recipients received any pretransplant conditoning 

or post-transplant prophylaxis against GVHD. 
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Of the 132 SCID patents, 102 (77%) are alive. None show any evidence of susceptbility to 
opportunistc infectons and most are in good general health. The follow-up ranges from 2 

months to 21.3 years afer transplantaton. Of these 102 patents, 96 have survived 1 or 
more years afer transplantaton, 68 have been alive 5 or more years, and 37 for 10 or more 

years.



v In another study, GVHD was observed however in 40/117 patents 
given T cell– depleted haploidentcal parental marrow, in 6/15 given 

unfractonated HLA-identcal marrow, and in 4/5 given placental 
blood. 

vIn 35/49 cases, this complicaton occurred when there was 
persistence of transplacentally transferred maternal T cells. 

vMost of the GVHD afer administraton of T cell–depleted marrow 
was mild (Grade I or II) and required no treatment (70). Ten patents 

from the entre group had Grade III GVHD involving the skin, 
gastrointestnal tract, and/or marrow.

vOne neonate with autosomal recessive SCID who received a 3-
antgen mismatched transplant developed Grade 4 GVHD with auto- 
immune hemolytc anemia, bone marrow suppression, diarrhea, and 

cholestatc liver disease. 

Graft vs. Host Disease (GVHD)



In the future, the success rates for T cell-depleted haplocompatble-related stem 
cells for treatment of SCID and other primary immunodefciencies will contnue to 
improve as new strategies are discovered to enhance immune reconsttuton, such 

as adoptve immunotherapy utlizing alloreactve-depleted donor T cells, and to 
reduce short- and long-term side effects by the effectve use of reduced toxicity 

regimens and possibly regimens that do not require alkylatng agents or radiaton.



v The cumulatve experience of early gene therapy trials pointed out 
a need to improve gene transfer efciency and favor the 

engrafment of long-lastng gene corrected HSC. 

vIn 2000, an improved transducton protocol of bone marrow CD34þ 
cells was developed with the use of non-myeloablatve 

chemotherapeutc conditoning to ‘make space’ in the bone 
marrow. 

vTen patents who lacked an HLA-identcal sibling donor were 
enrolled in three phase I/II clinical protocols. 

Gene Therapy (ADA)



Cont…
vGene therapy resulted in sustained engrafment of transduced 

CD34þ bone marrow progenitor cells, with multlineage differen- 
taton, increase of lymphocyte counts and improvement of cellular 

and humoral responses. 
vPegylated bovine ADA (PEG-ADA) replacement therapy was 

discontnued to take advantage of the selectve growth advantage for 
gene corrected over defectve cells and to evaluate the efcacy of 

gene therapy alone. 
vAt present, all treated patents are alive and in good clinical 

conditons, with the excepton of one patent who requires steroid 
treatment due to recurrent episodes of autoimmunity, previously 

observed while on PEG-ADA 



A retrovirus that has been 
rendered harmless is used as 

a vector in this procedure, 
which exploits the ability of a 

retrovirus to insert a DNA 
transcript of its RNA genome 
into the chromosomal DNA of 

its host cell. If the foreign 
gene carried by the retroviral 
vector is expressed, the cell 

and its descendants will 
possess the gene product, 

and the patent may be 
cured. Cells that reproduce 

throughout life, such as bone 
marrow cells, are ideal 

candidates for gene therapy. 
If the treatment is successful, 

the patent’s bone marrow 
cells will begin producing the 

missing protein, and the 
patent will be cured.





v Integratng vectors carry an inherent risk of insertonal mutagenesis 
associated with retroviral vector insertons in sensitve genomic sites. 
vBy insertng into such regions, the strong enhancer elements found in 

the viral LTR can lead to aberrant gene expression, causing clonal 
expansion or leukemic proliferaton, as occurred in the case of SCID-

X1. 
vSuch complicatons or other adverse events have not been seen with 

ADA gene therapy, indicatng that ADA-SCID gene therapy has a 
favorable risk/beneft profle.

v Unique risk factors may have contributed to the different outcomes 
of the SCID-X1 trials, such as vector constructs or promoters, 

inappropriate expression of transgenes involved in cell signaling, 
cooperaton between transgene and cellular oncogenes, or disease 

background associated with high rate of transformaton.

Problems?



v From 1999–2002, 11 patents with X-linked SCID were administered 
autologous bone marrow cells into which a normal γ c cDNA had been 

successfully transduced by retroviral gene transfer. 
vIn 9 of the 11 patents, molecular studies demonstrated normal 

transgene expression in circulatng T and NK cells by approximately 30–
40 days afer gene therapy, but it was minimal in B cells. 

v2 of the patents did not express the transgene and were given 
allogenic bone-marrow transplants. 

vThe 9 infants with transgene expression developed normal T cell 
functon at between 90 and 120 days afer the treatments, similar to 

the kinetcs afer T cell–depleted allografs. 
vThe efcacy of gene therapy in conferring immune functon in those 

infants with X-linked SCID seemed to be far superior to that of allogenic 
marrow stem-cell transplantaton. 

Gene Therapy (X-Linked)



Problems?
vHowever, serious adverse events occurred in the fourth and ffh 

patents treated by the French group. Both children developed 
leukemic-like processes, with expanded clonal populatons of T cells. 
vThe clones carrying the inserted γ c cDNA, and the leukemias were 

likely induced by the retroviral gene therapy by a process called 
insertonal oncogenesis, like that seen in the case of SCID X-Linked. 
vThe positons of inserton in both children are in or near a gene on 
chromosome 11 called LMO-2. The product of LMO-2 is crucial for 
normal hematopoiesis and serves a regulatory functon. However, 
LMO-2 is also an oncogene that is aberrantly expressed in acute 

lymphoblastc leukemia of childhood. 



The use of self-inactvatng human immunodefciency virus (HIV)–derived 
lentviral vectors may improve the safety and efcacy of gene transfer into HSCs. 
These vectors integrate efciently into HSCs, allow stable and robust trans-gene 
expression, and signifcantly alleviate safety concerns associated with retro-viral 

vector integraton. They can also be adapted to contain physiologic cellular 
promoters rather than viral promoters used for retroviral vectors. 



Vectors
(A) Transcripton is driven by 

the enhancer-promoter actvity 
of the U3 region of the 

retroviral LTR. (B) Driven by the 
additon of an internal 

promoter. The U3 region of the 
retroviral LTR has been almost 

completely deleted. (C) The 
provirus contains the cHS4 
element (i.e., insulator) in 

order to protect the 
transcriptonal cassete against 

positon effects. (D) This 
provirus contains 2 cassetes: 
a) the therapeutc gene driven 
by a frst internal promoter & 
b) a suicide gene that could 

allow the eliminaton of gene-
corrected cells if an adverse 
event such as a monoclonal 

proliferaton occurs. 



Major advances are 
expected from the 

development of new 
approaches that target 

specifc genomic sites for 
integraton or gene 

correcton. The use of 
site-specifc integrases 
(INs) could allow this 
goal to be atained. 

Bacteriophage IN phiC31 
is able to perform site-
specifc integraton via 

recombinaton between 
an atP recogniton site 
encoded in the phage 

genome and an atB site 
in the bacterial 
chromosome.

Cont…

Integraton process mediated by the bacteriophage phiC31 (INT).



Sterile 
Bubble

s

v Since treatment of SCID seeks to develop the immune system and to 
prevent infecton, placing the infant with SCID in a completely sterile 

environment for a long tme is a method of treatment that has 
prolonged the life of some affected individuals, but this opton does 
not prove successful if the infant involved has already had recurring 

infectons, nor does it make them healthier.



Versus
vThe choice between HSCT or GT as a defnitve procedure is again 

difcult. 
vThe choice is between the short-term risks associated with HSCT 

against the potental for long-term side effects associated with GT. 
vMUD HSCT can present 67% survival outcome given the present data, 
but this involves only a small subset of individuals. These fgures may 
change signifcantly even if only a handful of further transplants are 

under- taken. 
vIt is clear, however, that outcome following these procedures is very 
good, with almost complete T- and B-cell reconsttuton, and presently 

no evidence of long-term side effects. 



v By contrast, GT has an excellent survival outcome and to date more 
than 20 children in 3 trials have survived the procedure without any 

signifcant side effects. 
vThe drawbacks of GT are twofold. First, there is the potental for 

insertonal mutagenesis using the current vector technologies, 
although importantly the follow-up does not show any evidence of 

clonal proliferaton in treated individuals. 
vThe other issue is that of immune recovery; at present 67% have been 
able to discontnue treatment on a long-term basis and approximately 

50% have been able to discontnue Ig replacement. 
vThus the choice as of now is largely determined by the parental and 
physician attude toward the risks and benefts associated with the 2 

different treatment optons.

Cont…
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The End.


