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L ETTER TO TH E EDITOR 

Successful Stem Cell Tra nspla ntation in a C hild with Chronic Granulomatous 

Disease Associated with Contiguous Gene Deletion Syndrome a nd Complicated by 

Macrophage Activation Syndrome. 

Chronic granulomatous di sease (CGD) resul t from the mal func tion of NA DPH oxidase subuni ts 

in phagocyti c ce ll s. Sporad ic cases with comiguou gene deletion syndrome (CGS) involving the CYBB 

gene and other genes can be deleted, causing retin it is pigmenwsa, Duchenne muscular dystrophy, 

orn ithine transcarbamylase de fi ciency, ancllor the McLeod phenotype (McPh) ( 1 ). CG D pati ents ha ve an 

un regu lated inflammatory response and macrophage activation syndrome (MAS) may occur. (2) 

Currently, hematopoietic stem cell transplanta tion (HSCT) is the only curative option for CG D (3). 

CG D associated with CGS is a particularly compl icated disea e in terms of severity and management 

because Kx ant igens are expressed by hematopoietic precursors of red blood cell s (RBC); thus, the high 

risk of all osensitization to the RBC Kx antigen may complica te transfusions and increases the risk of graft 

fa ilure in HSCT (1,4). We report , fo r the first time 10 our knowledge, a patient with CG D-XL, CGS, and 

MAS success fu l treated wi th HSCT. A one-year-old maJe presented wi th a neck abscess. He had two 

maJe siblings who had died at the ages of2 and 3 year old due to sepsis. CGD-XL in the pati ent and the 

carrier status of the mother were confirmed via di hydrorhodamine 123 assay. At 18 months-old, the 

patient suffered from sepsis secondary to Pseudomonas sp. and Sa/mone/la sp. infection; thus, he was 

treated with broad-spectrum antib iotics and transfusions. MAS was diagnosed based on fever, 

hepatosplenomegaly, lymphadenopath y, pancytopenia, increased liver enzymes, hyperferritinemia, 

hypertrig lyceridemia, and hemophagocytosis in the bone marrow. Thus, the patien t was treated with 

dexamethasone (6 mg/m2/dose), intravenous immunoglobulin (IVIG), and cyclosporine and ex hibi ted 

satisfactory improvement; however, there was persisten! hemolyt ic anemia. A McPh was suspected and 

confirmed based on the absence of the Kx antigen on the RBCs due to hemolyt ic anemia, previous RBC 
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transfusions. A deletion of the CYBB gene was found, while 22 exon of the DMD gene were amplified 

normall y. A comparative genomic hybridiza ti on array (CGH , 135 K and 67 K SignatureChipOS®+SNP, 

Roche 1imbleGen) was used and revealed a deletion of 3.4 Mb that involved both the CYBB gene and the 

XK gene, which encodes the Kx an ti gen, and deletions in 1 O additional genes (TlvfEM4 7, MACEB /6 , 

PRRCI . FAM47A, FAM478, CXo,f22 , CXOJ/59, CXo1f30, FAM47C, and LA NCLJ) that ha ve not been 

associated wi th di sease. 

HSCT was considered fo r the pati ent based on the evere infec ti on, the two younger brothers who 

had died of causes secondary to infection in earl y childhood, and the availabi li ty of an 1-ILA-re lated 

compatible Kell -negati ve donor. 1-le received a dose of 20.25 x 106 CD34" cells/kg (peripheral blood stem 

cells) , conditioning regimen consisted of busulphan (16mglkg) and cyclophosphamide ( 120mg/kg) and 

graft -versus-host disease prophylaxis wi th cyclosporine and methotrexate were administered. 

Hematological recovery was prompt, and full donor chimeri m wa achieved on day 11 . No graft -versus

host disease was present. After more than 1 year of follow-up, he is currently doing we ll with full donor 

chimeri sm of the leukocytes and normal dihydrorhodamine 123 assay results. 

CGS can be diagnosed clinically but CGH array analy is of genomic D A is a practica! 

approach for documenting addi ti onal gene delet ions. We recommend assessment of absence of the Kx 

antigen when a new male patient is diagnosed with CGD (3). lnterestingly, retinitis pigmentosa did not 

seem to be present due to RPCR gene deletion. Wang et al. reponed that different ocular lesions, such as 

retiniti s pigmentosa, are related to systemic infection in CGD, and such infection may be a plausible 

explanation for the ophthal mic manifes tation of our patie nt (5). MAS is a rare inflammatory compl ication 

in CG D patients, only 13 cases of ha ve been reponed. The primary triggers of MAS were infecrions, and 

the causal microorganism were diverse and included bacteria, fungi and viruses (2). Th is association is 

underdiagnosed due to the overl ap of some cli nical manife tations of sepsis and MAS, parameters such as 

very high levels of serum ferritin, hemophagocytosis and hypertriglyceridemia can help to differentiate 

both conditions. The mechani sms of underlying inflammation in CG D include reduced neutrophil 

apoptosis, unbalanced innate immune receptors, induction of Th 17 ce lis, impaired uclear Factor 

Erythroid 2-related factor, acti vi ty and increased inflammasome activa tion with increased secret ion of 

interleukin-1 p (IL-1 Pl (6). The use of IL-1 receptor antagonist could be considered as part of the 
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trea tment of refractory CG D-MAS. There are no descriptions of the association between CG D, McPh 

and MAS in the literature, but separate cases of CGD-MAS and CGD-Mc Ph have been described. In 

CG D- McPh, the anemia worsens after the patien t receives a Kx-pos itive transfusion, in such si tuations 

transfusions o f Kx-negati ve RBCs are necessary to avoid complications. Curren ti y, there are onl y 6 cases 

ofMcPh reported to have rece ived HSCT to date.(table 1) (4, 7-10). o defined protocol neither spec ial 

indication fo r HSCT in CG D patients with McPh exists; the indication of the fi ve previous reported 

pati ents were severe infections and re fractory chronic inflammatory lung di sease (Table 1) . The idea l 

donor for HSCT is an iclenti cal Kx- negative l-ILA, but it i d ifficu lt to fincl it. Kx-negative clonors were 

avai lable in onl y one out of the fi ve reponed cases. Seger el al. repo ned the followi ng precautions that 

should be consiclerecl when patients with CG D ancl the Mcleod phenotype undergo transplantation: 1) 

pretransplant erythropoietin aclmin istration, 2) cryopre ervation of the Kx-negative patient' s RBCs, 3) B 

ce ll depleti on with anti-CD20, 4) complete myeloablation and immune ablati on to avoid mixed 

chimerism wi th persisten! Kx- and Kell -sen itized host B and T cells (e.g., with TBI 12 Gy TD, 

fl udarabine, 160 mg/m2 TD, and rabbi t ATG , 10 mg/kg TD), 5) RBC depletion of Kx-posit ive 

transplants, 6) transfusion with Kell-negati ve packed RBCs posn ransplantati on, and 7) posttra nsplant 

donor lymphocyte in fusio ns for alloimmune hemoly i (3). 

As remarkable aspects we have to consider that CGD-XL patients with severe hemolyt ic 

anemia and re tiniti pigmentosa can be complicated by CGS, wh ich worsen the prognos is and specials 

therapeutics strategies are requ ired fo r a success ful H CT. MAS that must be differentiated from sepsis in 

the presence of a systemic inflammatory response syndrome. 
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Table 1 Aeports of CGO patients wiU1 the Mcleod phenotype who have received a HTS.C. 

Patients Age at KrKJwn disease· Detection Association with lndlcation of transplant Donor 
HT>C causlng deleted method macropi"age activation 

genes S)<ldrome 

P1 3 years XK, CYBB Array Absent Llver abscess and pulmonary Hl.A-matched unrelated 
CGH aspergillosls replete Sone ~rrow 

P2 After XK, CYBB Array Absent PuliTOilary aspergillosts. HLA-matched unr~ated 
3 years CGH chronlc fnflammatory lung replete bone marrow 

disease, pulmonary and 
cerebral granulcrna . 

P3 20 years XK, CYBB ArrayCGH Absent Refractory fnvast-.¡e Unrelated·donor umbilical 
andPCR asper¡illasis cord blood 

P4 4 years XK, CYBB Not Absent Pullmnary asper¡~losls, K·antigen·negative, 
described chronfc pul~mnary disease. perlpheral·blood stem 

cells from an HlA· 
ldentica( unrelated donor 

PS 7 years XK, CYBB Not Abscnt Not described 1.\atched unrelated donar 
described bone marrow 

P6 2 years XK, CYBB Array Present Sepsls assodated to Matched retated donor 
CGH mechanical ventilatlon and bone marrow 

neurologlcal deterioration. 

Preparatfve regimen Additional HSCT Graft·versus· GvHD and treatrnent Out come Author 
mea sures ln Mcleod host disease 
phenotype po-ophyta ru 

BU and CY None CsA and MTX At day 94S si<ln GvHD At day IDO, he had '""ere Kordes [7) 
treated wfth donor · hemolytfc anemia, he 
tymphocyte lnfusfon receh"d a.zathloprtne, 
myco~ate r1 tuxlmab, vlncrb:tlne , 
molet ll and CSA. úA and donoc· lymphocyte 

fnfusion. Also spleneaomy. 
SuccessflA 

BU and CY, rabblt Erylhropoietln for CsA and MTX Míld GvHD of the skin . Successtt.J Schuetz ( 10] 
anlf·thymocyte globt.Cin 1 wee4<.priorto )ie arnetior.ued wíth 

conditlonlng steroh:ts . 

Reduced·lntenslty: CV None CsA and Grade 1 acute GvHD, Successf~ Suzukl N [8] 
Fludarabbte, total body mycophenolate tteat.ed Wlth 
lrradlation mofetll met.hylpredmsolone 
Total body lrradlatlon, Rituxim<Jb CsA and MTX Non e Successft.C Honig ['1] 
Fludarabine, antl· 
lhymocyte·globuUn 

Submyetoablative Rituximab, CsA and MTX Hale Successfl.t Hértt ler(4] 
conditioning sptenectomy 
BU and CY None CsA and MTX Nooe Succes•ft.C Studied case 
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