BiFA%E

fidy s

Progress in gene therapy for primary immunodeficiencies
Dr. Alessandro Aiuti

Associate Professor of Pediatrics,

“Vita-Salute” San Raffaele University, Milan, Italy

Chief of Clinic, Pediatric Immunchematology Unit, San Raffaele Hospital
Head, Pediatric Clinical Research Unit, HSR-TIGET, San Raffaele University

MR
RERS BHENAR
Brell) HE

E R

SEEMRAR T T, WIS FELTVET,

155
5 § B HARIEFSIEN LR FHTES
;



Il AFFEEROTFITICE T 5 —5%



HeRE (JE30)

Seishima M.

atypical skin eruptions.

Nakayama T, Sato Y, Uematsu M, Takagi M, Myoclonic axial jerks for diagnosing atypical 362-365. | 2015
Hasegawa S, Kumada S, Kikuchi A, evolution of ataxia telangiectasia.
Hino-Hukuyo N, Sasahara Y, Haginoya K, Kure S.
Ouchi-Uchiyama M, Sasahara Y, Kikuchi A, Goi K,  |Analyses of genetic and clinical parameters for Pediatr. Blood " | 62(12) |2082-2088.f 2015
Nakane T, Tkeno M, Noguchi Y, screening patients with inherited thrombocytopenia Cancer
Uike N, Miyajima Y, Matsubara K, Koh K, Sugita K, [with small or normal-sized platelets.
Imaizumi M, Kure S.
Yasutomi M, Yoshioka K, Mibayashi A, Tanizawa A, [Successful Myeloablative Bone Marrow Pediatr Blood | 62(11) | 2052-3. | 2015
Imai K, Ohara O, Ohshima Y. Transplantation in an Infant With Cancer.

‘Wiskott-Aldrich Syndrome and Bacillus Calmette-

Guerin Infection.
Shikano H, Ohnishi H, Fukutomi H, Ito K, Morimoto |Mondini dysplasia with recurrent bacterial Pediatr Int. 57(6) { 1192-5. | 2015
M, Teramoto T, Aoki M, Nishihori T, Akeda Y, Oishi [meningitis caused by three different pathogens.
K, Fukao T.
Takahashi T, Fujisawa T, Kimura M, Ohnishi H, Familial Mediterranean fever variant with repeated J Dermatol. 42(9) 903-5. 2015

Hess (Fn30)

R ITPLER S LB/ N B KO M/ MREE

A A/ NR g2

= BRI MDA, pEems  [P2® (311816 12015
e, B, THERT, FRES. HLHIRIED SR BB DR, mkmiE |56 [o2dssr. |eols

159




MRS (3E30)

Hirata O, Okada S, Tsumura M, Karakawa S,

R
J Clin Immunol.

X-linked chronic granulomatous disease.

Mosaicism of an ELANE mutation in an 35(5) 512-6 2015
Matsumura I, Kimura Y, Maihara T, Yasunaga S, - asymptomatic mother in a familial case of cyclic
Takihara Y, Ohara O, Kobayashi M. neutropenia.
Okada S, Markle JG, Deenick EK, Mele F, Averbuch [IMMUNODEFICIENCIES. Impairment of Science. 349 | 606-613. | 2015
D, Lagos M, Alzahrani M, Al-Muhsen S, Halwani R, |immunity to Candida and Mycobacterium in (6248)
Ma CS, Wong N, Soudais C, Henderson LA, Marzouqalhumans with bi-allelic RORC mutations.
H, Shamma J, Gonzalez M, Martinez-Barricarte R,
Okada C, Avery DT, Latorre D, Deswarte C, Jabot-
Hanin F, Torrado E, Fountain J, Belkadi A, Itan Y,
Boisson B, Migaud M, Arlehamn CS, Sette A, Breton
S, McCluskey J, Rossjohn J, de Villartay JP, Moshous
D, Hambleton S, Latour S, Arkwright PD, Picard C,
Lantz O, Engelhard D, Kobayashi M, Abel L, Cooper
|AM, Notarangelo LD, Boisson-Dupuis S, Puel A,
Sallusto F, Bustamante J, Tangye SG, Casanova JL.
'Wilson RP, Ives ML, Rao G, Lau A, Payne K, STATS3 is a critical cell-intrinsic regulator of human| J Exp Med. 212(6) | 855-64. | 2015
Kobayashi M, Arkwright PD, Peake J, Wong M, unconventional T cell numbers and function.
Adelstein S, Smart JM, French MA, Fulcher DA, ’
Picard C, Bustamante J, Boisson-Dupuis S, Gray P,
Stepensky P, Warnatz K, Freeman AF, Rossjohn J,
McCluskey J, Holland SM, Casanova JL, Uzel G, Ma
CS, Tangye SG, Deenick EK.
Ishikawa N, Kobayashi Y, Fujii Y, Kobayashi M. Increased interleukin-6 and high-sensitivity C- Seizure. 25 136-40. | 2015
reactive protein levels in pediatric epilepsy patients
with frequent, refractory generalized motor seizures.|
0Oda H, Sato T, Kunishima S, Nakagawa K, Izawa K, |Exon skipping causes atypical phenotypes Eur J Hum doi: 2015
Hiejima E, Kawai T, Yasumi T, Doi H, Katamura K, |associated with a loss-of-function mutation in Genet. 10.1038/¢j
Numabe H, Okamoto S, Nakase H, Hijikata A, Ohara [FLNA by restoring its protein function. hg.2015.11
0, Suzuki H, Morisaki H, Morisaki T, Nunoi H, 9. [Epub
Hattori S, Nishikomori R, Heike T. ahead of
Hiejima E, Kawai T, Nakase H, Tsuruyama T, Reduced Numbers and Proapoptotic Features of Inflamm Bowel | 21(7) | 1529-40. | 2015
Morimoto T, Yasumi T, Taga T, Kanegane H, Hori M, |Mucosal-associated Invariant T Cells as a Dis.
Ohmori K, Higuchi T, Matsuura M, Yoshino T, Ikeuchi|Characteristic Finding in Patients with
H, Kawada K, Sakai Y, Kitazume MT, Hisamatsu T, |Inflammatory Bowel Disease.
Chiba T, Nishikomori R, Heike T.
Imamura H, Konomoto T, Tanaka E, Hisano S, Familial C3 glomerulonephritis associated with Nephrol Dial | 30(5) 862-4. 2015
Yoshida Y, Fujimura Y, Miyata T, Nunoi H. mutations in the gene for complement factor B. Transplant.
Hiroshi H, et al. Autoimmunity including intestinal Behget's disease Pediatrics. mnpress. | 2015
bearing the KRAS mutation in lymphocytes.
Sakashita K, Kato I, Daifu T, Saida S, Hiramatsu H,  |In vitro expansion of CD34+CD38-cells under Leukemia. 29(3) | 606-14. | 2015
Nishinaka Y, Ebihara Y, Ma F, Matsuda K, Saito S, stimulation with hematopoietic growth factors on :
Hirabayashi K, Kurata T, Uyen LT, Nakazawa Y, Tsuji| AGM-S3 cells in juvenile myelomonocytic
K, Heike T, Nakahata T, Koike K. leukemia.
Yokoyama K, Ikeya M, Umeda K, OdaH, Nodomi S, [Enhanced chondrogenesis of induced pluripotent Arthritis and 67(1) | 302-34. | 2015
Nasu A, Matsumoto Y, Izawa K, Horigume K, Kusaka {stem cells from patients with néonatal-onset Rheumatism.
T, Tanaka T, Saito MK, Yasumi T, Nishikomori R, multisystem inframmatory disease occurs via the
Ohara O, Nakayama N, Nakahata T, Heike T, caspase 1-indipendent cAMP/protein kinase.
Toguchida J. |
Suzuki N, Niwa A, Yabe M, Hira A, Okada C, Amano |Pluripotent cell models of Fanconi anemia identify Stem Cells 4(4) 333-8 2015
N, Watanabe A, Watanabe K, Heike T, Takata M, the early pathological defect in human Translational
Nakahata T, Saito M. hemoangiogenic progenitors. Medicine.
Kreins AY, Ciancanelli MJ, Okada S, Kong XF, Rami |[Human TYK?2 deficiency: Mucobacterial and viral J Exp Med. 212 |1641-1662.| 2015
rez-Alejo N, Kilic SS, El Baghdadi J, Nonoyama S, infections without hyper-IgE syndrome. (10)
Mahdaviani SA, Ailal F, Bousfiha A, Mansouri D,
Nievas E, Ma CS, Rao G, Bernasconi A, Sun Kuehn H,
Niemela J, Stoddard J, Deveau P, Cobat A, El Azbaoui
S, Sabri A, Lim CK, Sundin M, Avery DT, Halwani R,
Grant AV, Boisson B, Bogunovic D, Itan Y, Moncada-
Velez M, Martinez-Barricarte R, Migaud M, Deswarte
C, Alsina L, Kotlarz D, Klein C, Muller-Fleckenstein I,
Fleckenstein B, Cormier-Daire V, Rose-John S, Picard
C, Hammarstrom L, Puel A, Al-Muhsen S, Abel L,
Chaussabel D, Rosenzweig SD, Minegishi Y, Tangye
SG, Bustamante J, Casanova JL, Boisson-Dupuis S.
Kawai T, Arai K, Harayama S, Nakazawa Y, Goto F, |Severe and Rapid Progression in Very Early-Onset | J Clin Immunol. | 35(6) | 583-588. [ 2015
Maekawa T, Tamura E, Uchiyama T, Onodera M. Chronic Granulomatous Disease-Associated Colitis.
Takeuchi Y, Takeuchi E, Ishida T et al. Curative haploidentical BMT in a murine model of | Int J Hematol. | 102(1) | 111-120. | 2015

158




HERS (3830)

Deenick EK, Petham SJ, Payne K, Boisson-Dupuis S,
Puel A, Kobayashi M, Arkwright PD, Kilic SS, El
Baghdadi J, Nonoyama S, Minegishi Y, Mahdaviani
SA, Mansouri D, Bousfiha A, Blincoe AK, French MA,
Hsu P, Campbell DE, Stormon MO, Wong M,
Adelstein S, Smart JM, Fulcher DA, Cook MC, Phan
TG, Stepensky P, Boztug K, Kansu A, Ikinciogullari A,
Baumann U, Beier R, Roscioli T, Ziegler JB, Gray P,
Picard C, Grimbacher B, Wamatz K, Holland SM,
Casanova JL, Uzel G, Tangye SG.

patients with human primary immunodeficiencies.

Nakazawa Y, Kawai T, Uchiyama T, Goto F, WatanabeEffects of enzyme replacement therapy on immune 161(2) | 391-3. 2015
N, Maekawa T, Ishiguro A, Okuyama T, Otsu M, function in ADA deficiency patient.
Yamada M, Hershfield MS, Ariga T, Onodera M.
Yang X, Hoshino A, Taga T, Kunitsu T, Ikeda Y, A female patient with incomplete hemophagocytic Journal of 35(3) | 244-248. | 2015
Yasumi T, Yoshida K, Wada T, Miyake K, Kubota T, |lymphohistiocytosis caused by a heterozygous XIAH clinical
Okuno Y, Muramatsu H, Adachi Y, Miyano S, Ogawa |mutation associated with non-random X- immunology
S, Kojima S, Kanegane H. chromosome inactivation skewed towards the wild-
type XIAP allele.
Yasumi T, Hori M, Hiejima E, Shibata H, Izawa K, Laboratory parameters identify familial BrJ Haematol. | 170(4) | 532-8. 2015
Oda H, Yoshioka K, Nakagawa K, Kawai T, haemophagocytic lymphohistiocytosis from other
Nishikomori R, Ohara O, Heike T. forms of paediatric haemophagocytosis.
Yamaguchi H, Sakaguchi H, Yoshida K, Yabe M, YabejClinical and genetic features of dyskeratosis International | 102(5) | 544-552. | 2015
H, Okuno Y, Muramatsu H, Takahashi Y, Yui S, congenita, cryptic dyskeratosis congenita, and journal of
Shiraishi Y, Chiba K, Tanaka H, Miyane S, Inokuchi [Hoyeraal-Hreidarsson syndrome in Japan. hematology.
K, Ito E, Ogawa S, Kojima S.
‘Wang X, Muramatsu H, Okuno Y, Sakaguchi H, GATA2 and secondary mutations in familial Haematologica. | 100 | e398-401.] 2015
Yoshida K, Kawashima N, Xu Y, Shiraishi Y, Chiba K,|myelodysplastic syndromes and pediatric myeloid (10)
Tanaka H, Saito S, Nakazawa Y, Masunari T, Hirose T,|malignancies.
Elmahdi S, Narita A, Doisaki S, Ismael O, Makishima
H, Hama A, Miyano S, Takahashi Y, Ogawa S, Kojima
S.
Shiota M, Yang X, Kubokawa M, Morishima T, Somatic mosaicism for a NRAS mutation associates Journal of 35(5) | 454-458. | 2015
Tanaka K, Mikami M, Yoshida K, Kikuchi M, Izawa |with disparate clinical features in RAS-associated clinical
K, Nishikomeori R, Okuno Y, Wang X, Sakaguchi H, |leukoproliferative disease: a report of two cases. immunology.
Muramatsu H, Kojima S, Miyano S, Ogawa S, Takagi
M, Hata D, Kanegane H.
Kataoka S, Muramatsu H, Okuno Y, Hayashi Y, Extrapulmonary tuberculosis mimicking Mendelian | J Allergy Clin inpress. | 2015
Mizoguchi Y, Tsumura M, Okada S, Kobayashi M, susceptibility to mycobacterial disease in a patient Immunol.
Sano C, Sato H, Oh-Iwa I, Ito M, Kojima D, Hama A, |with signal transducer and activator of transcription
Takahashi Y, Kojima S. 1 (STAT1) gain-of-function mutation.
'Wada T, Toma T, Yasui M, Inoue M, Kawa K, Imai K, |Different clinical phenotypes in two siblings with J Investig inpress. | 2015
Morio T, Yachie A. X-linked severe combined immunodeficiency. Allergol Clin
Shimizu M, Nakagishi Y, Inoue N, Mizuta M, Ko G, |Interleukin-18 for predicting the development of Clin Immunol. | 160(2) | 277-81. | 2015
Saikawa Y, Kubota T, Yamasaki Y, Takei S, Yachie A.|macrophage activation syndrome in systemic
juvenile idiopathic arthritis.
Sakakibara Y, Wada T, Muraoka M, Matsuda Y, Toma |Basophil activation by mosquito extracts in patients | Cancer Sci. 106(8) | 965-71. | 2015
T, Yachie A. with hypersensitivity to mosquito bites. ‘
Wada T, Akagi T, Muraoka M, Toma T, Kaji K, A novel in-frame deletion in the leucine zipper J Immunol. 195(1) 80-6. 2015
Agematsu K, Koeffler HP, Yokota T, Yachie A. domain of C/EBPe leads to neutrophil-specific
granule deficiency.
Narita A, Muramatsu H, Sekiya Y, Okuno Y, Japan Childhood Aplastic Anemia Study Group: Haematologica | 100 | 1546-52. | 2015
Sakaguchi H, Nishio N, Yoshida N, Wang X, XuY, |Paroxysmal nocturnal hemoglobinuria and telomere (12)
Kawashima N, Doisaki S, Hama A, Takahashi Y, Kudo}length predicts response to immunosuppressive
K, Moritake H, Kobayashi M, Kobayashi R, Ito E, therapy in pediatric aplastic anemia.
Yabe H, Ohga S, Ohara A, Kojima S.
Kobayashi M. Neutrophil disorders: diagnosis and hematopoietic | Rinsho Ketsueki | 56(10) | 2230-9. | 2015
stem cell transplantation.
Yoshioka A, Ishii E, Ueno T, Usami I, Kobayashi M, [The International Immune Tolerance Induction IntJ Hematol | 101(4)| 362-8. 2015
Kobayashi R, Sotomatsu M, Shirahata A, Suzuki T, Study and its follow-up study on Japanese
Taki M, Ishida Y, Matsushita T, Shima M, Nogami K, [hemophilia A patients with inhibitors.
Sakai M, Kigasawa H, Fukutake K.
Nishikawa S, Toshima T, Kobayashi M. Perceived parenting mediates serotonin transporter PLoS One. 10(9) |e0134685.1 2015
gene (5-HTTLPR) and neural system function
during facial recognition: A pilot study.
Okada S, Hasegawa S, Suzuki Y, Ichimura T, Remission of autoimmune neutropenia after Pediatr Int. 57(5) | 1012-4. | 2015
Kaneyasu H, Shimomura M, Wakabayashi-Takahara |development of Kawasaki disease.
M, Nakamura K, Kobayashi M, Ohga S.
Ma CS, Wong N, Rao G, Avery DT, Torpy J, Monogenic mutations differentially affect the J Allergy Clin | 136(4) | 993-1006.| 2015
Hambridge T, Bustamante J, Okada S, Stoddard JL,  |quantity and quality of T follicular helper cells in Immunol.

157




HERE (3E30)
=

Takada H, Ishimura M, Takimoto T, Kohagura T, Invasive bacterial infection in patients with Medicine 95(4) e2437. 2016
Yoshikawa H, Imaizumi M, Shichijyou K, interleukin-1 receptor-associated kinase 4 (Baltimore).
Shimabukuro Y, Kise T, Hyakuna N, Ohara Osamu, |deficiency.
Nonoyama S, Hara T.
Hayakawa S, Okada S, Tsumura M, Sakata S, Ueno Y, |A patient with CTLA-4 haploinsufficiency J Clin Immunol | 36(1) 28-32. 2016
Imai K, Morio T, Ohara O, Chayama K, Kobayashi M. |presenting gastric cancer.
Ishikawa N, Kobayashi Y, Fujii Y, Yamamoto T, Late-onset epileptic spasms in a patient with Brain Dev. 38(1) | 109-12. | 2016
Kobayashi M. - 22q13.3 deletion syndrome.
Obayashi N, Arai K, Nakano N, Mizukami T, Kawai T,|Leopard Skin-like Colonic Mucosa: A Novel J Pediatr 62(1) 56-9. 2016
Yamamoto S, Shimizu H, Nunoi H, Shimizu T, Tang J, |Endoscopic Finding of Chronic Granulomatous Gastroenterol
Onodera M. Disease-Associated Colitis. Nutr.
Sasahara Y. The WASP-WIP complex in the molecular Pediatr. Int, 58(1) 4-7. 2016
pathogenesis of Wiskott-Aldrich syndrome.
Bousfiha A, Jeddane L, Al-Herz W, Ailal F, Casanova |The 2015 IUIS Phenotypic Classification for J Clin Immunol. | 35(8) | 727-738. | 2015
JL, Chatila T, Conley ME, Cunningham-Rundles C,  |Primary Immunodeficiencies.
Etzioni A, Franco JL, Gaspar HB, Holland SM, Klein
C, Nonoyama S, Ochs HD, Oksenhendler E, Picard C,
Puck JM, Sullivan KE, Tang ML.
Cantaert T, Schickel JN, Nonoyama S, Durandy A, Activation-Induced Cytidine Deaminase Expression Immunity. inpress. | 2015
Meftre E. in Human B Cell Precursors Is Essential for Central
: B Cell Tolerance.
Oshima K, Imai K, Albert M.H, Bittner T.C, Strauss G, |Hematopoietic Stem Cell Transplantation for X- J Clin Immunol. 35 15-21. 2015
Filipovich A.H, Morio T, Kapoor N, Dalal J, Schultz - |Linked Thrombocytopenia With Mutations in the
K.R, Casper J.T, Notarangelo L.D, Ochs HD, WAS gene.
Nonoyama S.
Kato T, Crestani E, Kamae C, Honma K, Yokosuka T, |[RAGT1 deficiency may present clinically as selective| J Clin Immunol. | 35(3) | 280-288. | 2015
Tkegawa T, Nishida N, Kanegane H, Wada T, Yachie [IgA deficiency.
A, Ohara O, Morio T, Notarangelo L.D, Imai K,
Nonoyama S. i
Mitsui-Sekinaka K, Imai K, Sato H, Tomizawa D, Clinical features and hematopoietic stem cell J Allergy Clin | 136(4) [1018-1024.] 2015
Kajiwara M, Nagasawa M, Morio T, Nonoyama S. transplantations for CD40 ligand deficiency in Immunol.
Tastuzawa Y, Sekikawa K, Suda T, Matsumoto H, An interictal schizophrenia-like psychosis in an Epilepsy Behav 3 36-38. 2015
Otabe H, Nonoyama S, Yoshino A. adult patient with 22q11.2 deletion syndrome. Case Rep.
Okuno Y, Hoshino A, Muramatsu H, Kawashima N, [Late-Onset Combined Immunodeficiency with a J Clin Immunol. | 35(7) | 610-614. | 2015
‘Wang X, Yoshida K, Wada T, Gunji M, Toma T, Kato |Novel IL2RG Mutation and Probable Revertant
T, Shiraishi Y, Iwata A, Hori T, Kitoh T, Chiba K, Somatic Mosaicism.
Tanaka H, Sanada M, Takahashi Y, Nonoyama S, Ito
M, Miyano S, Ogawa S, Kojima S, Kanegane H.
Picard C, Al-Herz W, Bousfiha A, Casanova JL, Primary Immunodeficiency Diseases: an Update on | J Clin Immunol. DOI 2015
Chatila T, Conley ME, Cunningham-Rundles C, the Classification from the International Union of 10.1007/s1
Etzioni A, Holland SM, Klein C, Nonoyama S, Ochs  [Immunological Societies Expert Committee for 0875-015-
HD, Oksenhandler E, Puck JM, Sullivan KE, Tang ML, |Primary Immunodeficiency 2015. 0201-1.
Franco JL, Boby Gaspar H.
Takimoto T, Takada H, Ishimura M, Kirino M, Hata K, |Wiskott-Aldrich syndrome in a girl caused by Neonatology. | 107(3) | 185-90. | 2015
Ohara O, Morio T, Hara T. heterozygous WASP mutation and extremely
skewed X-chromosome inactivation: a novel
association with maternal uniparental isodisomy 6.
Mitsuiki N, Yang X, Bartol SJ, Grosserichter-Wagener [Mutations in Bruton's tyrosine kinase impair IgA Int J Hematol. | 101(3) | 305-13. | 2015
C, Kosaka Y, Takada H, Imai K, Kanegane H, responses.
Mizutani S, van der Burg M, van Zelm MC, Ohara O,
Morio T. '
Kido J, Mizukami T, Ohara O, Takada H, Yanai M. Idiopathic disseminated bacillus Calmette-Guerin Pediatr Int. 57(4) 750-3. 2015
infection in three infants.
Okura Y, Kobayashi I, Yamada M, Sasaki S, Yamada |Clinical characteristics and genotype-phenotype J Allergy Clin inpress. | 2015
Y, Kamioka I, Kanai R, Takahashi Y, Ariga T. correlations in C3 deficiency. Immunol.
Otsu M, Yamada M, Nakajima S, Kida M, Maeyama |Outcomes in two Japanese adenosine deaminase- J Clin Immunol. | 35(4) | 384-98. | 2015
Y, Hatano N, Toita N, Takezaki S, Okura Y, deficiency patients treated by stem cell gene therapy!
Kobayashi R, Matsumoto Y, Tatsuzawa O, Tsuchida F, |with no cytoreductive conditioning,
Kato S, Kitagawa M, Mineno J, Hershfield MS, Bali P,
Candotti F, Onodera M, Kawamura N, Sakiyama Y, :
Okura Y, Yamada M, Kuribayashi F, Kobayashi I, Monocyte/macrophage-specific NADPH oxidase | J Clin Immunol. | 35(2) | 158-67. | 2015
Ariga T. contributes to antimicrobial host defense in X-CGD.
Okura Y, Kawamura N, Okano M, Toita N, Takezaki |Fusarium falciforme infection in a patient with Pediatr Int. 57(1) e4-6. 2015
S, Yamada M, Kobayashi I, Ariga T. chronic granulomatous disease: Unique long-term
course of epidural abscess.
Chida N, Kobayashi I, Takezaki S, Ueki M, Yamazaki |Disease specificity of anti-tryptophan hydroxylase-1] Clin Immunol. | 156(1) | 36-42. 2015

Y, Garelli S, Scarpa R, Horikawa R, Yamada M,
Betterle C, Notarangelo LD, Yawaka Y, Ariga T.

and anti-ATE-75 autoantibodies in APECED and

IPEX syndrome.

156




IV WHERROTITICEYT 5 —% Bt



J Clin Immune! (2015) 35:727-738
DOI 10.1007/510875-015-0198-5

CrossMark

The 2015 IUIS Phenotypic Classification for Primary
Immunodeficiencies

Aziz Bousfiha' - Leila Jeddane' - Waleed Al-Herz>” « Fatima Ailal' -

Jean-Laurent Casanova*>%"® . Talal Chatila® - Mary Ellen Conley* -

Charlotte Cunningham-Rundles ' - Amos Etzioni'" - Jose Luis Franco'? -

H. Bobby Gaspar'? « Steven M. Holland '* + Christoph Klein'® .

Shigeaki Nonoyama '® - Hans D. Ochs'” - Eric Oksenhendler '*' .

Capucine Picard>*" . Jennifer M. Puck?' « Kathleen E. Sullivan?* - Mimi L. K. Tang?>?*?

Received: 11 August 2015 /Accepted: 16 September 2015 /Published online: 7 October 2015
@© Springer Science+Business Media New York 2015
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of immunity underlying phenotypes as diverse as infection,  Diseases (PID), making PIDs a rapidly expanding field of
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other year a classification of these disorders into tables, de-
fined by shared pathogenesis and/or clinical consequences. In
2013, the IUIS committee also proposed a more user-fiiendly,
phenotypic classification, based on the selection of key phe-
notypes at the bedside. We herein propose the revised figures,
based on the accompanying 2015 TUIS PID EC classification.

Keywords Primary immunodeficiencies - classification -

TUIS PID expert committee

Abbreviations

«FP Alpha- fetoprotein

Ab Antibody

AD Autosomal dominant inheritance

ADA Adenosine deaminase

Adp Adenopathy

ALPS Autoimmune lymphoproliferative syndrome

AML Acute myeloid leukemia

Anti PPS  Anti- pneumococcus antibody

AR Autosomal recessive inheritance

BCG Bacilli Calmette-Guerin

BL B lymphocyte

CAMPS  CARDI14 mediated psoriasis

CANDLE  Chronic atypical neutrophilic dermatosis with
lipodystrophy and elevated temperature
syndrome

CAPS Cryopyrin-associated periodic syndromes

CBC Complete blood count

CD Cluster of differentiation

CDG-IIb  Congenital disorder of glycosylation, type 1Ib

CGD Chronic granulomatous disease

CID Combined immunodeficiency

CINCA Chronic infantile neurologic cutaneous and ar-
ticular syndrome

CcMC Chronic mucocutaneous candidiasis

CMF Flow cytometry available

CMV - Cytomegalovirus

CMML Chronic myelomonocytic leukemia

CNS Central nervous system '

CSF Cerebrospinal fluid

CT Computed tomography

CTL Cytotoxic T-lymphocyte

DA Duration of attacks

Def Deficiency

DHR DiHydroRhodamine

Dip Diphtheria

DITRA Deficiency of interleukin 36 receptor antagonist

EBV Epstein-Barr virus
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EDA
EDA-ID

EO
FA
FCAS
FILS

FISH
Gl
GOF
HHVS8
Hib
HIDS
HIES
HIGM
HLA
HLH
HPV
HSM
HSV
HUS

IBD
IFNy
Ig

IL
TUGR
LAD
LOF
MC
MKD
MSMD

MWS

NK
NKT

NOMID

NP
PAPA

PMN
SCID
Sd
SLE
SPM
Staph
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Anhidrotic ectodermal dysplasia
Anhidrotic ectodermal dysplasia with
immunodeficiency

Eosinophils

Frequency of attacks

Familial cold autoinflammatory syndrome
Facial dysmorphism, immunodeficiency, livedo,
and short stature

Fluorescence in situ hybridization
Gastrointestinal

Gain-of-function

Human herpes virus type 8
Haemophilus influenzae serotype b
Hyper IgD syndrome

Hyper IgE syndrome

Hyper Ig M syndrome

Human leukocyte antigen
Hemophagocytic lymphohistiocytosis
Human papilloma virus
Hepatosplenomegaly

Herpes simplex virus

Hemolytic uremic syndrome

Medical history

Inflammatory bowel disease

- Interferon gamma

Immunoglobulin

Interleukin

Intrauterine growth retard

Leukocyte adhesion deficiency
Loss-of-function

Molluscum contagiosum
Mevalonate kinase deficiency
Mendelian susceptibility to mycobacterial
disease

Muckle-wells syndrome

Normal, not low

Natural killer

Natural killer T cell

Neonatal

Neonatal onset multisystem inflammatory
disease

Neutropenia

Pyogenic sterile arthritis, pyoderma
gangrenosum, acne syndrome
Neutrophils '

Severe combined immuno deficiency
Syndrome

Systemic lupus erythematosus
Splenomegaly

Staphylococcus sp.
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subcl Subclass

TCR T-cell receptor

Tet Tetanus

T T lymphocyte

TNF Tumor necrosis factor

TRAPS TNF receptor-associated periodic syndrome
VZv Varicella zoster virus

WBC White blood cells

XL X-linked

Introduction

Human Primary Immunodeficiency Diseases (PID) comprise
at least 300 genetically-defined single-gene inborn errors of
immunity [1]. Long considered as rare diseases, recent studies
tend to show that they are more common than generally
thought, if only by their rapidly increasing number [2]. They
may be even more common, if we consider the emerging
monogenic determinants leading to common infectious dis-
eases, such as severe influenza [3]; autoimmune diseases, such
as systemic lupus erythematosus [4], and auto-inflammatory
diseases, such as Crohn’s disease [5]. The International Union
of Immunological Societies (IUIS) PID expert committee has

1. Immunodeficiencies affecting cellular and humoral immunity
Lymphopenia (by €BC} or T cell lymphopenia (by Lymphocyte immunophenotysing) ?

[ D19  :SCIDT-B- [

| scoo et || scorenis | l Yes I ‘ T No |
| | Distinctive - | coalow || cosiow || others |
Chondrosternal clinical NN; Erythroderma, Alopecia, Adp, HSM, - T
dysplasia, features? Eo P, IgET . Beells<2% TCR low
deafness Omentsd (b phi ) : i
SR HLA-DR N g 26y
ADA def (ADA) l l HLA-DR Xi: £0ay et (cose)
T HIGM, NP, thrombocytopenia very low: MA&TA. o I
T €0ag figand def (XL, CD40LG) 3 & -
Granulocytopenia, No || Yes €040 def (AR, CD40) e (maGTY). DOCK2 def (DOCK2) J
Thrombocytope nia - an AR: - : T |: -
deafness - IgET EoM, cancer, Low NK; severe (RFXANK, LCK def P. firovecii pneumonia,
. atopy, cutaneous viral, and bacterial pig (LCK). bacterial infections
Reticular (staph.) infactions BOCKE def (DOCK8) gt AD: CARDAI def (CARDLI}
dysgenesis (AK2) ’ ‘ RFXA;’) UNC119 def - T
IBD, autoimmunity, infections, EBV (UNC119). Bacterial virsl and
infections LRBA def (LRBA) acterial, viral an
R - B : - Cryptosporidium .
RAG 1/2 def (RAG1/ RAG2) Autoimmunity, gastroenteritis, may CD8verylow | |- ,i"fecﬁcnsf Low NK
Arternis def (DCLREIC) have granuloma (CVID) 1€OS def (ICOS) chs de ¢ ( co2A) and Ig levels. MIX def
DA PRes def (PRKDC) gk g l - (MAP3K14)
Lack of naive T cells, EBV infection, HPV — — 1T
. infection, autoimmunity, congenital HLAAB + Recurrent bacterial, viral
Microcephaly + facial dysmorphism heart disease MSTL def (STK4) Z8P-70 def (2AP70) and fungal infections; -
RPN clinical phenotype of
DNA figase IV def (LIGY) EBV-Lymphoproliferation : | scib ek def ikexe)
CERNUNNOS £50F def (Cernunhos) ITK def (ITK) CD27 def CTPSE def cHLAAB- IT
TAP1-2 neg Vasculitis Bacterial, fungal and
| TCRaf1 T-cell deficiency,viral infections, autoimmunity TCRu def (TRAC) l MHC- def  viral infections. Impaired
- (TAP2, TAP1 or TAPBP) T cell proliferation and
| Lack of naive T cells, HPV infection, MC RHOH def (RHOH) [ | antibody response
g MALTL def (MALT1)
I Susceptibility to cryptosporidia and cholangitis uzm def (IL21R) : HLAAB- : B— -
- - - — Cutaneous granuloma, || Recurrent infections,
‘ I1BD, reduced igG, respiratory infections 1121 deficiency hypoprotidemia hypogammaglobulinemia,

lack of memory cells

| Kaposi’s sarcoma, impaired immunity to HHV8 GX48 def (0X40) [

MHC def (B2M) BCL1D def (BCL20)

Fig. 1 Tmmunedeficiencies affecting cellular and humoral immunity.
ADA Adenosine Deaminase, Adp adenopathy, AR Autosomal Recessive
inheritance, CBC Complete Blood Count, CD Cluster of Differentiation,
CID Combined Immunodeficiency, £BV Epstein-Barr Virus, £O
Eosinophils, F/HV8 Human Herpes virus type 8, HIGM Hyper IgM
syndrome, HL.4 Human Leukocyte Antigen, HSM Hepatosplenomegaly,

HPYV Human papilloma virus, /BD Inflammatory bowel disease, Ig
Immunoglobulin, MC Molluscum contagiosum, N Normal, not low, NK
Natural Killer, NN Neonatal, NP Neutropenia, SCID Severe Combined
ImmunoDeficiency, Staph Staphylococcus sp., TCR T-Cell Receptor,
XL X-Linked
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Ataxia, aFP; malignancies;

Chromosomal instability

Ataxia telangiectasia (ATM)
TT

Short-limbed dwarfism
with metaphyseal

haly; birdlike face; lymph
ionizing: radiation sensitivity; Chromosomal
instability Mijmegen breakage Sd (NBST)
[

“Marrow failure; leukemia; lymphoma;short
stature; birdlike face; sensitivity to the sun;

di sparse hair;
anemija; neutropenia;
cancers; impaired
spermatogenesis;
neuronal dysplasia of
the intestine

Cartilage Haly

Distinctive facial features
(broad nasal bridge),
eczema, osteoporosis and
fractures, scoliosis, :
delayed shedding of
primary teeth, hyper-
extensible joints, bacterial

. infections (skin and

: ption; panhyp
globulinemia; multiradial configuration
(Chrom.1,9; 16): frmunodaficiency with
ventromeric § iy and facial i
{iCF} (DNMT3B or ZBTB24)

1

dysplasia; intrauterine
growth retardation;
nephropathy; decreased
thymic function
Schimbe sd
SMARCAL1)

H!GM, café-au-lait spots; Lymphoma,

colorectal carcinoma, brain tumor:

PMIS2 det (PMS2)

Short staturé; Mild motor controi to ataxia

and hormal intelligence to learing

difficulties; mild facial dysmorphism to.

microcephaly; Cellular itivil
RNF168 def (RNF168)

IT
Viral infections {EBV, HSV, VZV), Adrenal
failure, Short stature . Low NK.. MTi4d daf
- (MCM4)

Il. CID with associated or syndromic features

Intrauterine growth
Retardation,micro-
cephaly, digestive tract
involvement,
pancytopenia, reduced
number and function of
NK cells XL-DKC (DKC1)

L1

Reticular.
hyperpigmentation of the
skin, dystrophic nails,

Chromosomal instability Bloom sd (BLM) Hypoplasia (RMRP)‘ : 1 y ab 5

TT les) due to
Facial dysmorphic features; macroglossia; Short stature; Staph aureus, candidiasi
bacterial/opportunistic infections, spondyloepiphyseal AD-HIES {lob sd } (STATS)

Thymic defects, Hypo-
pér‘yathyrui‘dism; conotruncal
heart. defects; abnormal facies.
FISH positive. Di:Gﬁarge 54
(Interstitial deletion of 22q11-

" pter orIQpl

Congenital ichthyosis,
bamboo hair, atopic
diathesis, Increased
bacterial infections,
failure to thrive, TgE
and IgA. :
Comel Netherton sd'
(SPINK5)

0sis, p
leukokeratosis of the .
mouth mucosa, palmar-
hyperkeratosis, anemia,

" pancytopenia
AU-DKC (TERC, TINF2,
RTELL, TERT, ACD)

Recurrent pneumonia,
recurrent skin abscesses
AR-HIES PGB

Thymic defects

Coloboma, heart anomaly,
choanal atresia, retardation,
genital and ear anomalies
CHARGE 5! (CHD7, SEMAJE)

deficiency (PGM3).

Pancytopenia, sparse scalp
hair and eyelashes,
periorbital telangiectasia,
and hypoplastic/
dysplastic nails
AR-DKC (RTELL, TERT,.
PARN, NOLAZ, NOLA3,
ACD, DCLRE1B)

XL, Thrombocytopenia with small platelets;
eczema; lymph ; autoi di 3
IgA nephropathy; bacterial and viral
infections: =

“Wiskott Aldrich sd or X-Linked
Thrombecytopenia (mild form) (WAS)

WAS-like phéhotype, AR WIP deficiency
- (WIPF1) S

Alopecia, abnormal thymic
epithelium, impaired T cefl
maturation

Winged helix def (FOXN1}

Fig. 2 CID with associated or syndromic features. These syndromes are
generally associated with T-cell immunodeficiency. oFP alpha-
fetoprotein, 4D Autosomal Dominant inheritance, AR Autosomal
Recessive inheritance, CMF Flow cytometry available, EDA Anhidrotic
ectodermal dysplasia, EDA-ID Anhidrotic Ectodermal Dysplasia with
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Immunodeficiency, FILS Facial dysmorphism, immunodeficiency,
livedo, and short stature, FISH Fluorescence in situ Hybridization, HSM
Hepatosplenomegaly, /SV Herpes simplex virus, /g Immunoglobulin,
VZV Varicella Zoster virus, WAS Wiskott-Aldrich syndrome, XL
X-Linked inheritance
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Recurrent bacterial infections eg : Otitis, pneumoma, smusms, dlarrhea, seps;s

lll. Predominantly antibody deflmenmes

Serum Immunoglobulin Assays : IgG, IgA, IgM

| BLymphocyte (CD19+) enumeration (CMF) |

K|

Healthy infant, no

least two)

2 Specific antibody
responses  (anti-PPS

196, IgA and/or igM ¥ ¥ l 19G (%) ,igA(Y) gAY Normal
’ 196 (%) lgA(%) IgA 1aG.lgM
Exclude 29 causes: drugs [Hx], myeloma [bone and IgM(N / 1) : h
marrow] Eymphoma . Ig loss (not hypo-IgM) in . e e 7
: : s 125 9G subcl 1,23 levels
- urine, Gl or skin HIGM levgels - (measure at (measﬁum :t?:::ts two)? e

2 Specific antibody responses
(anti-PPS antibodies and
Tet/dip/hib) ?

} B absent } 3 a8x1% 1 increased bacterial antibodies and
T— Sm—— infections. Normalisation Tet/dip/hib)

: L at 36-60 months 1gG subclasses Low

:i(:::r‘:;: (;TK) b ;munodsﬂciéncy Translent fypeg * P::sl‘;l:’-s:iﬂc/\b
: " fobutinemia of :
i oV g Selective lgA def toel

AR o Disorders (CVIR) - itancy : = g isolated InG subclass
Agammaglobulinaemias Very rare AR disorders: I i 3 B e
v heavy chain Def ’ zgggeggznbggig f * AR hyper-igM disorders, 1gG2 Low + impaired

) ; Dzl with lymphoid .- - response to PPS and hib :
(GHM) - TWEAK, NFKB2 hyperplasia: : et
iga (CD794A) — — Al st (ATCR Bronchiectasis, autoimmunity,
igp (CD79B) Thymoma with 2f (AICDA) - : ; o
BLNK (BLNK) imrunoedefsiency UNG det (UNG) X chronic EBY, CMV infection
IBIGLLT) Bacterial/ opportunisitc Others Low Specific i ;

¢ 2 A 13K-5
PISKR1 def (PIK3R1) infections, autoi T antibody responses clivated P!
- i " : PIK3CD, p110]
ap e INOBG def lg with Specilic Ab : didioe
£47 transeription factor | | Myelodysp wih. (INOBO) deficiency g
hypogammaglobulinemia $ ~
def (TCF3) (Monosomy 7, trisomy 3 e 19G subclasses +/-lgA;
or DKC, GATA2) ; (MHSG) (cancer) absent IgE, asymptomatic : ig

[

b |

Congenital: sideroblastic anemia, deafness,
developmental delay : TRNT1 def (TRNTY)

CDGAIL (MOBS)

Dysmorphic facial features, Hypotonia, neurologic .
disorder; severe hypogammaglobulmemxa -

Growth retardation..
EBV. CMV viremia.

heavy chain mutations oy
deletion (mutatidn or

7% PIK3R1 : chromosomal deletion 14q32)
Trichorhexis nodosa TTC37 def (T7C37) | | loss-offunction
i (PI3KR1)

All have lambda chain,
asymptomatic

K '¢hain def (IGKC)

Fig. 3 Predominantly Antibody deficiencies. 4b Antibody, Adp
adenopathy, A»1i PPS Anti- pneumococcus Antibody, AR Autosomal
Recessive inheritance, CD Cluster of Differentiation, CDG-IIb
Congenital disorder of glycosylation, type IIb, CMV Cytomegalovirus,

CT Computed Tomography, EBV Epstein-Barr Virus, Dip Diphtheria, G/
Gastrointestinal, Hib Haemophilus influenzae serotype b, Hx medical
history, Ig Immunoglobulin, SPM Splenomegaly, subc/ subclass, Tet
Tetanus, XL X-Linked inheritance
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s
. . .
E IV. Diseases of immune dysregulation
~ : AR i immuni ‘Immune dysregulation
l . Hemophagocytic Lymphohistiocytosis (HLH) l Syndromes with Autoimmunity bbbl
iflam bowel disease
5 s
Hypopigmentation ALPS Splenomega}y, 1BD) Folliculitis, Recurrent * -
;‘den;;pathy, defechYe  respiratory diseases, Arthritis
| ymphocyte apoptosis, i Holo > T
A  def 10, v
Specific hair shaft CD3 double negative > 2,5 %? Sl (IL b
anomaly
Neutropenia :
Increased bleeding No Yes 1L 10Ra det (ILI URA)
Low degranulation g L—WRS el (ILIORB)
(T, NK): -
Hermanshy Pudlak i o g
IBD recurrentsmo ulmona :
s type 2 (APSB) AD, AR, utoimmune | | et o TSP Y
T blood cytopenias : &
: ha !a)msuff‘ isiency (NFATS)
Giant lysosomes in ALPS-FAS(FAS) R v & e
Leukocytes on blood .
-smears Autol Iyendrocri hy with didiasis and AD or AR, lupus, autoimmune blood
Specific hair shaft ectodermal dystraphy Autoi affecting parathyroid, ytopenias ALPS-FASLG (FASLG)
anomaly ; adrenal, other endocrine organs; candldlasxs dental enamel
Low degranulation hypoplasia APECED (AIRE) AD autoimmune disease
(TNK) o ALPS-CASP18 (CASP10)
ﬁ:rn:ggical disease Immune dysr lyendocri hy, enteropathy.
Chediuk Higash s XL :/ Autmmmune 3nmnns, early o;vseet g::;:csi ;ﬁk”§;dc“§;+ AR, Recurrent bacterial and viral
P
@¥sn CD25+ FOXP3+ Regulaory T cels 14, IgE1. IPEX(EOXPY | | fver dysfuinction, defective IENY
L biology ¥ADY defitiency (FADD)
Specific hair shaft phoproli , impaired T—cell :
anomaly . function. LIS defiviency IL2RA) AD Recurrent bacterial and viral
Low degranulation defective - lymphocyts
(T, NK). Multi-organ autoimmunity, chronic lung disease, failure to activation
Criseolii sd type 2 thrive, devel [ delay, phaly ¥TCH def ITCH) CASPASE 8 dofert (CASPS)
(RAB27a) . ‘; &
i Lymphoproliferation, Solid organ AR, Recurrent infections; EBV chronic
SP”;:S" hair shaft recurrent infectioris. STATA GOF (STAT3) infection. Lymphoproliferation . SLE:
an B B
omay T i g T : * like autoimmunity (Nephrotic and
ey Pl Pl e i s st sdromes
sd type ¥ (PLDY) infections; Tripaptidyl-Peptidase F def (TPP2) HypolgG PRKCHelts def (PRECD)

oy

clinical
CTLAS def (ALPS-Y) (CTLAG)

Hypogammaglobulinemia, recurrent infections and multiple
{ circulating B cells

Fig. 4 Discases of Immune Dysregulation. AD Autosomal Dominant
inheritance, ALPS Autoimmune lymphoproliferative syndrome, AR
Autosomal Recessive inheritance, CD Cluster of Differentiation, CMF
Flow cytometry available, CSF Cerebrospinal fluid, CTL Cytotoxic T-
Lymphocyte, EBV Epstein-Barr Virus, GOF Gain-of-function, HLH
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- Hemophagocytic lymphohistiocytosis, //SM Hepatosplenomegaly, /BD
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Inflammatory bowel disease, IFN~ Interferon gamma, /g
Immunoglobulin, /L interleukin, Inflam Inflammation, NK Natural Killer,
NKT Natural Killer T cell, 7T lymphocyte, XL X-Linked inheritance
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g V. Congenital defects of phagocyte number, function, or both E

Syndromic - No syndromic 1

- - [ [T
Pancytopenia, exocrine Symptomatic Asympto-
pancreatic insufficiency, v pt ;at‘:c
Chondrodysplasia’ 1
Shwachman-Disrnond (SBDS) 2 l ]

1 S 1 CBC ftwice o

v ransient
Structural heart defects,” Weekl " ?(4, NP of
urogenital abnormalities, and Cydlic - infancy
venous angiectasias of trunks variations ? ithi
and limbs il TT
Severe congenital neutropenia Yes: tyickic -
type 4G6PC3) 2 el || Vi
: - hettropentia inducet NP

L1 ' (ELANE) .
Extramedullary hematopoiesis, -
bone marrow fibrosis,” - s
nephromegaly: $£N5 (VPS45) :No 5Sevare

T .  Congenital
Fasting hypoglycemia, lactic ‘Neutropenia {SCH).

acidosis, hyperlipidemia,
Hepatomegaly Ghyzopgen
Storage drsease type ib

{G6PT1)

Retinopathy, déveloﬁﬁﬁéntal ;
delay, facial dysmarphrsm
Cohen sd (VPS13B) ¢

| 1
Cardio-myopathy, growth - KL gy

retardation, XL Zarth sd (TAZ) (was)
Poikiloderma, myeladysplasia: Poikil with neutropenia (C1601f57)
1 1
Failure to thrive, partial Albmlsm, Hypogammag!obullnemla
P14/LAMTOR2 dei (ROBLDS/LAMTORZ) -
T T
Mlcrocephaly, hypoglycemla, hypotonla, ataxna, selzures,
cataracts, IUGR 3~methylg¥aztacomc aciduria, type Vil (CLBP)

Fig. 5 Congenital defects of phagocyte number, function, or both. For
DHR assay, the results can distinct XL-CGD from AR-CGD, and
gp40phox defect from others AR forms. AD Autosomal Dominant
inheritance, AML Acute Myeloid Leukemia, AR Autosomal Recessive
inheritance, BCG Bacilli Calmette-Guérin, CBC Complete Blood Count,

CD Cluster of Differentiation, CGD Chronic Granulomatous Disease,
CMML Chronic MyeloMonocytic Leukemia, DHR DiHydroRhodamine,
TUGR Intrauterine growth retard, LAD Leukocyte Adhesion Deficiency,
NP Neutropenia, PNN Neutrophils, SCN Severe congenital neutropenia,
WBC White Blood Cells, XL X-Linked inheritance
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VI. Defects in intrinsec and innate immunity

to mvaswe infect ns

Predominant susceptlblhty to
wral infection

1T

! skposi‘t:iyof\"tybnfhw”s'i\'l

Bacteremia

(enc pys'uléfyed_ o

Herpes simplex
Encephalitis |

Dominant clinical
phenotype is herpes
simplex encephalitis.
(HSE) during primary

" infection with herpes -

simplex virus type 1

(HSV1), usually

between 3 months and

6 years of age.

Routine screening

testsare normal.‘ :

Spec;fc tests
:examlmng the TLR3
pathway marked

logy laboratones. =

K4 de (RAKS) |
G|
8 def (MYD88) ]

Fig. 6 Defects in Intrinsec and Innate Immunity. 4D Autosomal
Dominant inheritance, AR Autosomal Recessive inheritance, BCG
Bacilli Calmette-Guérin, BL B lymphocyte, CMC Chronic

in the ability
of patient’s

fibroblasts to produce

IFN-B/-A in response to

J Clin Immunol (2015) 35:727-738

Warts,
Hypogammaglobulinemia,

Vinfections, Myelokathexis

AD. Neutropehia, reduced B
cell numbers. g

,Warts/ human papllloma

virus infection.

WHIM sd (CXCR4)

Human papilloma virus
(group B1) infections and
skincancer
Egiderme»dyspfasia .

TLR3 agonists and verruciformis
HSV1infection. - ‘(EVERI/TMCG,
L1 EVER2/TMCS)
AR:
UNC93B1 Viral infections .
TLR3 STATL (ief‘ ;
ThiF 5% IA’:“Z deficiency
| | 5
AD: : Severe viral infections
RS £D16 def
e Severe influenza
TRAF3 disease
TBK1 IRF7 def -

mucocutaneous candidiasis, SV Herpes simplex virus, /FNv Interferon
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gamma, lg Immunoglobulin, /L interleukin, LOF Loss-of-function,
MSMD Mendelian Susceptibility to Mycobacterial Disease, PMN
Neutrophils, XL X-Linked inheritance
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VII. Auto-inflammatory disorders

Familial Medizerranean
Fever {FMIF} (MEFV)

(NLRP3, NLRP12)
1 i

AR
DA: > 3-7 days -
“FA: 1-2 monthly

Cervical adenopathy
Oral aphtosis. Diarrhea

phase response and
mevalonate aciduria during
attacks

MKD def (HIDS ) (MVK)

AD - DA : Continuous.
Often worse in the evenings
FA: Oftendaily -

Ethnic group : North Eﬁrdpéan;
Deafness, Conjunchvitis
Amyloidosis.

Muckle Wells syndrome

{CAPS} (NLRP3)

Elevated IgD and IgA, acute

LT

AD

DA: 1-4 weeks

FA : Variable, continuous
Serositis, rash, Periorbital
edema and conjunctivitis; -
Amyloidosis.

Low levels of soluble TNF R1
when well

TRAPS  (TNFRSF1A)

AD, Sporadlc
DA: Continuous :
FA : Continuous -

Aseptic and chronic meningiti

MAIEED (LPIN2)

Recurrent ‘Systemic inflammation Sterile inflammation Others
inflammation with urticaria rash ~{skin/ bone / joints ) ‘
B T [ 1 Lol
AR . AD - DA: 24-48 H . AR -DA: Few days AD. DA : Continuous.
DA: 1-4 days. Cold exposure. Non pruritic FA:1-3/month A oo Uvéitis AR Dystrophy,
FA : Variable. urticaria, arthritis, chills ! ; i us. " panniculitis
Conjoncfivitis. .- Chronic recurrent Granulomatous synovitis,
Polyserositis, Abdominal i o Muitifocal osteomyelitis, Camptodactyly, Rash, CANDLE (PSMBS)
pain, Arthritis, Amyloidosis iam’f‘aé Cold . ?ever e Pai,'l'l‘: tender soft Cranial neuropathies, Crohn
Colchicine-responsive +++ uteinflammaiory issue swelling, amaa i :
Erysipelas-likeperythema . Syndrome {CAPS} Transfusion-dependent disease. Sustamed /modest Neonatal
: anemia : acute-phase response o o
: ' : ! enterocolitis, periodic

BLAU syndrome (NOD2)
| |

.1

AR-DA: Continuous
FA: Contmuous

Sterile multifocal i
Osteomyelitis,Folliculitis.
IL1; Unoppcsed effect

AR; Iife-threafening,
muitisystemic inflammatory
disease characterized by -

‘episodic widespread, pustular

psoriasis, malaise, and
Ieukocytos:s

DITRA (IL-36RN)

fever, fatal
autoinflammation,
macrophage
activation syndromé

NLRCA

‘Deforming arthropathy,
Sensorineural deafness.
Mental retardatlon, Visual
loss CINCA {NOMID),

{CAPS) (N'LRf;s) S

: +BI|sterm‘g skin lesion,

Cold urticaria; humorai
immune def, autonmmumty :
PLAID (PLC2G) ;

pulmonary and bowel disease
APLAID (PLQG, c. 2120C>A)

Fig. 7 Autoinflammatory Disorders. AD Autosomal Dominant
inheritance, AR Autosomal Recessive inheritance, CAMPS CARDI14

FA: Fixed interval :4-6

. weeks

Stenle pyogenic
oligo-arthritis,

Pyaderma gangrenosum, ‘

Myositis. Acute-phase
response during aftacks

PAPA (PSTPIP1)

Deficiency of 1 : = —— f“;lmim,m”“e
Receptor Antagonist Hyperplgmentation, hypertrichosis inflammatory
g L Pl i arthritis and
(DIRA) (ILIRN) SLC29A3 mutation (SLC29A3) || interstitial lung

| B | 'H
~AD-DA: 5 days Bone degeneration in jaws

Chemblsm (SH38P2)

COPA def (COPA)

Psoriasis. CAMPS (CARD14)

-AR, early -onset pustular dermatlt:s, short and broken hair,
paronychia, frequent cutaneous bacterial mfec'aons, and
diarrhea,, high IL-1 and IL- 6 production. Lack ofTNF—a was
considered partly respon5|ble for their mcreased susceptlblhty
to infection and development of card|omyopathy
‘inflammatory skin and bowal disease-1 (ADAM17)

Frequency of Attacks, HIDS Hyper IgD syndrome, /g Immunoglobulin,
IL interleukin, MKD Mevalonate Kinase deficiency, MWS Muckle-Wells

mediated psoriasis, CANDLE Chronic atypical neutrophilic dermatosis
with lipodystrophy and elevated temperature syndrome, CAPS
Cryopyrin-Associated Periodic syndromes, CINCA Chronic Infantile
Neurologic Cutancous and Articular syndrome, DA Duration of
Attacks, DITRA deficiency of interleukin 36 Receptor antagonist, F4

168

syndrome, NOMID Neonatal Onset Multisystem Inflammatory
Disease, P4PA Pyogenic sterile Arthritis, Pyoderma gangrenosum, Acne
syndrome, SPM Splenomegaly, TNF Tumor Necrosis Factor, TR4PS
TNF Receptor-Associated Periodic Syndrome
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VIll. Complement deficiencies

« Susceptibility to infections

~ Atypical Hemolytic Others
Uremic Syndrome ~
F AP' Lt i AD, Hereditary
- Glomerulonephritis. - r
- Membrane cofactor angioedema.
(CD46) ,
aichaataty ; - (SERPING1)
inly in the lungs; L N m
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Fig. 8 Complement deficiencies. 4D Autosomal Dominant inheritance, GOF Gain-of-function, LOF Loss-of-function, LAD Leukocyte Adhesion
Deficiency, SLE Systemic Lupus Erythematosus
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Fig. 9 Phenocopies of primary
immunodeficiencies. Ab
Antibody, ALPS Autoimmune
lymphoproliferative syndrome,
CMC Chronic mucocutaneous
candidiasis, C/D Combined
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Interleukin, M3MD Mendelian
Susceptibility to Mycobacteria
Disease, VZV Varicella Zoster
virus
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proposed a PID classification [1], which facilitates clinical
research and comparative studies world-wide; it is updated
every other year to include new disorders or disease-causing
genes. This classification is organized in tables, each of which
groups PIDs that share a given pathogenesis. As this classifi-
cation may be cumbersome for use by the clinician at the
bedside, the IUIS PID expert committee recently proposed a
phenotypic complement to its classification [6]. As the num-
ber of PIDs is quickly increasing, and at an even faster pace
since the advent of next-generation sequencing, the phenotyp-
ic classification from 2013 became outdated and requires re-
vision at the same pace as the classical IUIS classification. Our
original phenotypic classification proved successful, which
placed it in the 96th percentile for citation rank in Springer
journals [7]. Given the success of our user-friendly classifica-
tion of PIDs, providing a tree-based decision-making process
based on the observation of clinical and biological pheno-
types, we present here an update of these figures, based on
the accompanying 2015 PID classification.

Methodology

We included all diseases included in the 2015 update of the
TUIS PID classification [ 1], keeping the nine major categories
unchanged. In addition, we considered other articles propos-
ing a PID classification published recently [8, 9]. An algo-
rithm was assigned to each of the nine main groups of the
classification and the same color was used for each group of
similar conditions. Disease names are presented in red and
genes in bold. In addition, we classed diseases or genes from
most common to less common, at the best of our knowledge
[10, 11]. These algorithms were first established by a small
committee; then validated by one or two experts for each
figure.

Results

An update of our classification, validated by the TUIS PID
expert committee, is presented in Figs. 1, 2, 3, 4, 5,6, 7, 8
and 9.

Discussion

Since our 2013 study, 70 new diseases have been included in
the 2015 classification. Four disorders have been removed, as

the reports concerning associated immunodeficiency or genet-
ic base were not confirmed. We also eliminated duplication of
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a disease in more than one figure and profoundly revised some
figures, following the 2015 TUIS classification.

Conclusion

The IUIS PID expert committee developed this phenotypic
classification in order to help clinicians at the bedside to diag-
nose PIDs but also to promote collaboration with national and
international research centers. Needless to say, the expert com-
mittee encourages the development of other types of PID clas-
sification. Indeed, given the success encountered by the two
current [UIS classifications, others classifications are likely to
be useful and complementary.
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on by climate changes and allowed them to coa-
lesce, potentially leading to the eventual regime
shifts and collapses observed in megataunal eco-
systems. The lack of evidence for larger-scale
ecological regime shifts during earlier periods of
the Glacial (i.e,, >45 ka) when interstadial events
were common, but modern humans were not, sup-
ports a synergistic role for humans in exacerbating
the impacts of clirnate change and extinction in
the terminal Pleistocene events.
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IMMUNODEFICIENCIES

Impairment of immunity to Candida
and Mycobacterium in humans with
bi-allelic RORC mutations

Satoshi Okada,””* Janet G. Markle,+ Elissa K. Deenick,”*: Federico Mele,”t

Dina Averbuch,®T Macarena Lagos,”®t Mohammed Alzahrani,”t Saleh Al-Muhsen,>°t
Rabih Halwani,'® Cindy . Ma,** Natalie Wong,”? Claire Soundais,

Lauren A. Henderson,”® Hiyam Marzouga,”® Jamal Shamma,'® Marcela Gonzalez,”
Rubén Martinez-Barricarte,! Chizuru Okada,” Danielle T. Avery,” Daniela Latorre,”
Caroline Deswarte,”'" Fabienne Jabot-Hanin,'**® Egidio Torrado,’¢§

Jeffrey Fountain,’®|| Aziz Belkadi,”®' Yuval Itan,’ Bertrand Boisson,'

Mélanie Migaud,"'® Cecilia 8. Lindestam Arlehamn,’” Alessandro Sette,””

Sylvain Breton,' James McCluskey,® Jamie Rossjohn,”®*"*2 Jean-Pierve de Villartay,>
Despina Moshous,”?* Sophie Hambleton,?® Sylvain Latour,® Peter D. Arkwright,*”
Capucine Picard,""*'""?*28 Qlivier Lantz,” Dan Engelhard,® Masao Kobayashi,”
Laurent Abel,»'*'® Andrea M. Cooper,'®{ Luigi D. Notarangelo,'*?%¢
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Human inborn errors of immunity mediated by the cytokines interleukin-17A and
interleukin-17F (IL-17A/F) underlie mucocutaneous candidiasis, whereas inborn errors of
interferon-y (IFN-y) immunity underlie mycobacterial disease. We report the discovery

of bi-allelic RORC loss-of-function mutations in seven individuals from three kindreds of
different ethnic origins with both candidiasis and mycobacteriosis. The lack of functional
RORy and RORYyT isoforms resulted in the absence of 1L-17A/F-producing T cells in these
individuals, probably accounting for their chronic candidiasis. Unexpectedly, leukocytes
from RORy- and RORyT-deficient individuals also displayed an impaired IFN-y response
to Mycobacterium. This principally reflected profoundly defective IFN-y production by
circulating v8 T cells and CD4"CCR6*CXCR3" aff T cells. In humans, both mucocutaneous
immunity to Candida and systemic immunity to Mycobacterium require RORy, RORYT,

or both.

nborn errors of human interfeukin-17A
and interleukin-17F (IL-17A/F) or interferon-y
(IFN-y) immunity are each associated with a
specific set of infections. Inborn errors of
IL-17A/F underlie chronic mucocutaneous
candidiasis (CMC), which is characterized by in-
fections of the skin, nails, and oral and genital
mucosae with Candida albicans, typically in the
absence of other infections. Five genetic etiologies
of CMC have been reported, with mutations in

five genes (7, 2). Inborn errors of IFN-y underlie
Mendelian susceptibility to mycobacterial dis-
ease (MSMD), which is characterized by selective
susceptibility to weakly pathogenic mycobacteria,
such as Mycobacterium bovis Bacille Calmette-
Guérin (BCG) vaccines and environmental myco-
bacteria. Eighteen genetic etiologies of MSMD
have been reported, involving mutations of nine
genes (3, 4). Only a few patients display both
candidiasis and mycobacteriosis, including some
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