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“Induced pluripotent stem cells: a new frontier in the study of primary immunodeficiencies”
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Induced pluripotent stem cells:
a new frontier in the study of primary immunodeficiencies

Children's Hospital, Boston 3 : Luigi D. Notarangelo

Primary immunodeficiency diseases (PIDs) comprise over 150 distinct disorders of immune system
development and/or function. Dissection of the cellular pathophysiology of PIDs has been largely based
on in vitro studies using patient-derived cells and on analysis of suitable aninial models, however both
approaches have important inherent limitations. In particular, many forms of PID are rare, severe and
affect predominantly infants and young children. In these cases, access to biological specimens from affected
patients may be problematic. Furthermore, there is significant heterogeneity of clinical and immunological
phenotype among patients with different mutations in the same gene, but limited information is available
on this diversity at the cellular level. Finally, studies that aim to define the cellular pathophysiology of
human PIDs are usually performed on blood samples, yet many forms of PID also include extra-immune
manifestations. Murine models of PID also carry significant inherent limitations because of differences in
immune system development and function between mice and humans and the relative lack of phenotypic
variability and heterogeneity of mutations in murine models as compared to PIDs in humans.

Recent advances have allowed the in vitro reprogramming of terminally differentiated cells into induced
pluripotent stem cells ((PSC) through transient forced expression of definite transcription factors. Over the
years, we have established an extended repository of fibroblast cell lines from patients with various forms
of PIDs. Using this collection of fibroblast cell lines, we now report on the successful generation of a series
of PID-specific iPSCs, using an excisable, stem cell cassette (STEMCCA)-containing single polycistronic
lentiviral vector, that allows transduction of four reprogramming factors, OCT4, SOX2, KLF4, and ¢-MYC.
iPSC colonies were obtained with high efficiency, displayed a robust stemness and pluripotency gene
expression profile, and maintained karyotypic integrity. We confirmed patient-specific derivation of the
iPSCs by DNA sequencing.

To illustrate the potential impact of iPSCs in deciphering human disease pathophysiology, we have used
iPSCs to elucidate the cellular basis of herpes simplex encephalitis (HSE), that in humans has been shown
to result from mutations in Tolllike receptor 3 (TLR3) and UNC93B genes. Since the clinical phenotype
of HSE is restricted to the central nervous system (CNS), it had been hypothesized that TLR3 and UNC-
03B must be essential for the cellular response of CNS types to HSV-1, however this hypothesis was never
tested because of lack of access to brain tissue from patients. We have derived human UNC-93B-deficient
iPSCs from primary dermal fibroblasts from a patient with HSE. We then differentiated these iPSCs into
neurons, oligodendrocytes, and astrocytes. We finally showed that UNC-93B-deficient central nervous system
(CNS)-specific cells displayed impaired anti-HSV-1 immunity. We have found that unlike control cells, UNC-
93B-deficient CNS cell types do not produce IFN-A and -1 in response to TLR3 stimulation. Moreover,
they are highly vulnerable to HSV-1 infection due to uncontrolled viral replication. These defects have been
corrected following in vitro transduction with an UNC-93-containing lentivirus. These findings establish that
UNC-93B-dependent, TLR3-mediated type 1 IFN immunity is essential for protective immunity to HSV-1 in
the CNS, and illustrate the enormous potentiality of patient-derived iPSCs to define the immune and extra-
immune pathophysiology of human PIDs.
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Clinical and genetic analysis of
XIAP deficiency in Japan

BILASNER 1) % . &3 . B A8

REEIENASARB )Y N BE
EEESFtEREARM Y TR T
RRRWELBRAES ) BT H#TF
[Background)

Deficiency of X-linked inhibitor of apoptosis (XIAP) caused byBIRC4 gene mutations is an inherited immune
defect recognised as X-linked lymphoproliferative disease (XLP) type 2 and is originally observed to be
frequently associated with hemophagocytic lymphohistiocytosis (HLH) .

[Methords]

To further investigate this disease, we therefore described five Japanese patients from three unrelated

families with XIAP deficiency. We studied the patients by BIRC4 gene analysis and flow cytometry of
XIAP protein.’

[Results]

All the patients showed BIRC4 gene mutation and had the reduced expressionof XIAP protein. Clinically,
three patients presented with recurrent HLH, but one patient died after cord blood transplant. One patient
- died of colitiswhen he was 4 years old. A 13-year-old patient is healthy although he has BIRC4 gene

mutation.

[Conclusions]

Flow cytometry can be used to measure lymphocyte XIAP protein expression. While gene sequencing provide
a genetic diagnosis of XIAP deficiency, flow cytometry provide a more rapid method to thediagnosis. We

also suggest that XIAP deficiency should be suspected in certain boys with HLH, especially in those with
family history.
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Intermittent X- hnked thrombocytopenia
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% ¥ XM Bintermittent XLT (IXLT) AS8&E Sh/zA% ZOHEEIIML b, SEEA L, £HK107 ATIXLT
LU BIRAERL. M/ MRBOHEBLWASPRB LR LOTHRE T 5.
LiEf)
EBNZ105 BB, R ERREREETED2D. HEl9XLT4NRF TH o7z £y AL D105/ uLai#
DI/MEIRD % DT =28, T/MIEADR075/ uL% B2 52 L b ERBEIN Tz, £#107 ARIC/ T
o4V ABE A TARLZZERC, BRI X OE L /MR A 2975 / u L% B 72 PA-IgGi349ng/107cells
LIZIZTEE T, BRI CESIREI13125/ uLEBE ER L TWwe, 70—% 4 M A M) —IZLYWASPEI%Z
BT L7225, BIRY VR TIRI Y =W HRWASPREAYET LTz, WASPEZFEIT T, =%
VAT ALY AERASETR D, XLTESMH L7z M/MIEZRYES & FHA/MIBERMPVIZIZIZEME
(55~70 fL) %Eo TV BB DD, M/IMTIRI % BORVEEIEEDY., IXLTEZZHNTZ,
BAETTOLZS, PO RIBER BRI TOER, 72, BRIVMETOWASPFRR % /MREST / 1
LB ETHRIT LS, U/ sBkE R D, WASPORBIZIZL A LD SN h 570 IXLT THRIKEIZ ML/ MR
HERTERIZE Do TVRWA, M/MUIBIT AERWASPOFEHRE L ZBRAZVORS Lk,
PLEX Y. f/MEEIC A AD 53, BIRICBWTHAMEY 4 X2VNEWHEIZIE, WASPHT 21T ) LB H D L
Zzbhiz
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EyERs RESmE ) D EIT. ARR OKE, PR B BE BT
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22 B HEBRE D 2 D DR DRB 2 072, 6RFFICEIBIEL, TRAILEET FYRBEICL2EHTEHO
BTIRE =L 2 RAE L7 M TIE, IgE>14000IU/1, HFEEER>1500/ L. NIH A7 284, EHEE, &
. FRRES. BE Y A NV ARGHEDBERE %, STAT3B XU Tyk2BIEFERD R W EIoERERE L BHT 72,
STEHDFHHHIRIZ & o TRBERIZER L 720

20105 E A DO M B BIEFBEARAS LY, FFRE. EEY > SER. LIRS 725 Vil
iE. R 23707 07) YEE, 72 MEHFEBY A VAT —BEE HEB™Y 4 )V AR M3k & AR RRE L
L7z BIFRERIVEVEICFUBHEL, Y7URR) Y EI MRY FOBHT—RER L7225 10 BIcH
BRU 720 BIMEI B ORILE SIS A R T, IFN-y OB E I F L SHaAr L% X7- L, BBIC. EBY
AWV, REERREZETHY A BROMIEI RSN
RIgEREREFIC MM ER & EIE B L S PE L -3k E13 7% 0 EBY A )V ARSI B 247 & A D 5 Bl DTEFEDS
RSN,
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