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Recombinase Activating Gene 1 Deficiencies Without
Omenn Syndrome May Also Present With Eosinophilia and
Bone Marrow Fibrosis

Ezgi Ulusoy® ®, Neslihan Edeer Karaca?, Elif Azarsiz?, Afig Berdeli?, Guzide Aksu?,
Necil Kutukculer?

Abstract

Background: Severe combined immunodeficiency (SCID) syn-
dromes are a heterogenous group of diseases characterized by impair-
ment in both cellular and humoral immunity with a range of genetic
disorders. Complete recombinase activating gene (RAG) deficiency
is associated with classical TB'NK" SCID which is the most com-
mon phenotype of Turkish SCID patients. There is a broad spectrum
of hypomorfic RAG mutations including Omenn syndrome, leaky or
atypical SCID with expansion of v T cells, autoimmunity and cyto-
megalovirus (CMV) infections.

Methods: Twenty-one (44%) patients had RAG1 deficiency of all 44
SCID patients followed up by pediatric immunology department. A
retrospective analysis was conducted on the medical records of all
SCID patients with RAG1 deficiency.

Results: Eight patients were classified as TB'NK" SCID, five pa-
tients as T'B'NK* SCID (three of these were Omenn phenotype),
and eight patients as T'B*NK* SCID phenotype. Mean age of the
whole study group, mean age at onset of symptoms and mean age at
diagnosis were 87.7 + 73.8 (12 - 256), 4.4 + 8.2 (1 - 36) and 29.1 +
56.8 (1 - 244) months, respectively. Consanguinity was present in 11
(52%) of 21 patients. Autoimmunity was found in six patients (28%).
Ten patients (47%) had CMV infection, four (19%) had Epstein-Barr
virus (EBV) infections and three (14%) had Bacillus Calmette-Guerin
(BCQG) infections. Seven patients who had refractory cytopenia (two
pancytopenia and five bicytopenia) underwent bone marrow biopsy,
three of whom had bone marrow fibrosis. Future evaluations must be
considered about bone marrow fibrosis in RAG1 deficiency patients.
Eosinophilia was observed in 10 patients, seven of whom did not have
Omenn phenotype.

Conclusion: Non-Omenn phenotype RAG1 deficiencies can also
present with eosinophilia. This report is presented to emphasize that
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Introduction

Severe combined immunodeficiency (SCID) syndromes are a
heterogenous group of diseases characterized by impairment
in both cellular and humoral immunity with a range of genetic
disorders. SCID patients present with recurrent life threaten-
ing infections in the first year of life and the only curative
treatment is hematopoetic stem cell transplantation (HSCT)
[1-3].

Recombinase activating genes 1 and 2 (RAG1 and RAG2)
located in chromosome 11p13 are essential for the process of
rearrangement of the variable (V), diversity (D) and joining
(J) segments during T- and B-cell development [1, 4-6]. The
adaptive immune system forms millions of antigen-specific
receptors by the process of V(D)J recombination. Complete
RAG deficiency (RAGD) without a V(D)J rearrangement is
associated with classical TB'NK™ SCID. TB'NK* SCID was
reported to be the most common SCID type in Turkey (28%)
[7]. In Kilic et al’s study, SCID prevalence was 2% of all pri-
mary immunodeficiency diseases. RAG1 and two genes are
responsible for 50% of all patients with this SCID phenotype
[8-10]. Defects in Artemis, DNA-ligase 1V, Cernunnos and
DNA-PKcs also cause TB'NK* SCID [11-14].

Schwarz et al [15] first described human autosomal reces-
sive SCID patients with non-sense, missense and deletional
mutations in the RAG1 and RAG2 genes in 1996. Further eval-
uation showed a broad spectrum of hypomorphic RAG muta-
tions including Omenn syndrome (with skin inflammation and
af T-cell expansion), leaky or atypical SCID form with expan-
sion of yd T cells, autoimmunity and cytomegalovirus (CMV)
infections and RAGD characterized by granulomatous lesions
in skin and other tissues [3, 16-18].

The aim of this study was to review the clinical, immuno-
logical and molecular findings of Turkish SCID patients with
RAGT defects and to draw attention to the bone marrow fibro-
sis in some patients and high frequency of eosinophilia even in
non-Omenn phenotype.
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Table 1. Demographic and Clinical Findings of Patients With RAG1 Deficiency

2 Patients and Methods
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Figure 1. Distribution of patients with RAG1 deficiency.
Table 2. Clinical Findings of Patients With RAG1 Deficiency
Failure to A . Organomegaly, Erythroderma, Bone marrow
SCID phenotype n T m(04) Chronic lung diseases (n) n (%) n (%) e, (%)
T*B-NK* 2 2 (100%) Small airway disease: 1 1 (50%) 0 1 (50%)
T*B*NK" 3 (37.5%) Bronchiectasis: 5 5 (62.5%) 1 (12.5%) 1 (12.5%)
Small airway disease: 3
TBNK* 4 (50%) Bronchiectasis: 1 3 (37.5%) 0 0
Omenn 3 (100%) 0 2 (66.7%) 3 (100%) 1 (33.3%)
Total 21 12 (57%) 10 11 (52.3%) 4 (19%) 3 (14%)

nia and five bicytopenia) and three of them had bone marrow
fibrosis (Table 2).

Lymphopenia was documented in six of all patients (28%).
Five patients had neutropenia and four patients had thrombo-
cytopenia. Eosinophilia was determined in 10 patients, seven
of whom were not Omenn syndrome (Table 3). None of these
patients had any parasitic infections or any other pathologies
explaining eosinophilia.

Lymphocyte subset distribution and increase in HLA-DR,
TCRyd* expression on T cells are shown in Table 4. HLA-DR
elevation was determined in four patients (80%) with T™B-
NK* SCID phenotype including Omenn phenotype and in
eight (38%) of all patients. y3 elevation was documented in
four patients, one in T*'B-NK* SCID and three in T'B'NK*

SCID phenotype.
All patients with RAG1 mutations are shown in Table 5.
In this group, nine patients underwent HSCT, four from
unrelated donors. After HSCT, two patients died, and the other
seven patients recovered. Six patients who did not have related
donors died during the follow-up period before an unrelated
donor was found (Table 5).

Discussion

RAGI and RAG?2 deficiencies are responsible for 10% of all
SCID cases. Phenotypic distrubition of this group was 38% T
B-NK™" SCID, 23% T*B-NK* SCID and 38% T*B*NK* SCID

Table 3. Hematologic Evaluation of Patients With RAG1 Deficiency

SCID phenotype  n l:ilozt)l)‘openia, ﬁ);;l/:[))hopenia, ﬁl(l;:l)lia, :l(l‘l;:;nbocytopenia, E(Efyion)ophilia,
T*B'NK* 2 1 (50%) 1 (25%) 2 2 (100%) 0

T*B*NK* 8 1 (12.5%) 1 (12.5%) 8 1 (12.5%) 2 (25%)
TBNK* 8 2 (25%) 4 (50%) 8 0 5(62.5%)
Omenn 3 1 (33%) 0 3 1 (33%) 3 (100%)
Total 21 5(23%) 6 (28%) 21 4 (19%) 10 (47%)
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Table 4. Lymphocyte Subsets of Patients With RAG 1 Deficiency

SCID phenotype CP3 CP19 CD4 CD8 NK HLA-DR HLA-DR  ydelevation CD4SRA CD4SRO
(%) (%) (%) (%) (%) (%) elevation (n) (n) (%) (%)

TBNK' (n=2) 55+6 5.1+52  6.1+42 42+4.1 42+84 34+35 2 1 0.6+0.03 5.6+22

T'B'NK' (n=8) 69+20 45+5 36+£24 32416 20+£22 27+20 3 3 32424 49420

TBNK'(n=8) 7.5+14 7.6+21 46+81 34+51 86+84 27+42 0 0 29420  39+30

Omenn(n=3) 8346 0.19+0.18 44+28 34425 1246 66+6 3 0 - -

Total 46435 56+13 22424 22420 42436 24+25 8 4 35426 28+30

(leaky SCID) phenotype.

The relative frequency of the different forms of SCID
may vary in different countries because of genetic, social and
environmental differences. Among Turkish patients, the most
common phenoype is TB'NK" SCID. RAG1 deficiency is in-
herited with an autosomal recessive pattern. In this group, con-
sanguinity rate was high (52%). Risk of autosomal recesive
disorders is high because of high consanguineous marriages in
Turkish population.

Mean age at onset of symptoms was 4.4 = 8.2 months, but
mean age at diagnosis was 29 + 56 months. This difference
between onset of the symptoms and diagnosis is especially be-
cause of the clinical heterogenity and late diagnosis of leaky
SCID phenotype.

SCID has a very wide spectrum including late onset com-
bined immunodeficiency (CID) or leaky SCID with hypomor-
phic RAG mutations [19]. Villartay et al [16] first described
four patients from four different families. These patients had
severe CMV infection with TCRyd expansion and autoimmun-
ity. In our group, not only leaky SCID patients but also three of
the TB'NK* patients and one patient with Omenn phenotype
had CMV infection. One patient with T*'B'NK* SCID (non-
Omenn phenotype) had CMV infection with HLA-DR and y6
elevation. This patient had the same homozygous mutation
HS561R with the patient discribed by Ehl et al previously with

Table 5. RAG1 Mutations and Clinical Outcomes of Patients

predominance of yo T cells and CMV infection [3]. One of
the patients in T"B"NK" SCID group had the same mutation
(del AA368-369) with one of Villartay’s patients and he also
had CMYV infection with TCR yd expansion and autoimmunity.
Four of our patients also had EBV infections.

SCID patients can also present with BCG infections [20,
21]. Two of our patients with TB'NK™ phenotype had BCGi-
tis and one patient with leaky SCID phenotype had skin BCG
abscess.

All patients with T*"B*NK™* SCID phenotype had chronic
lung diseases. The percentage was more than the other phe-
notypes. This fact can be associated with the older age of this
group and as a result more exposure to infections.

Some patients with RAGD may present later in life as CID
with granuloma formation, none of our patients, including pa-
tients with late onset, had granuloma formation so far [17].

One of the most remarkable parts of this study is the high
percentage of eosinophilia observed in non-Omenn patients
(33%). Eosinophilia was present in 67.5% of TB-NK* SCID
patients. Parasitic infections and the other pathologies, such as
allergic reactions, Hodgkin lymphoma or myeloproliferative
disorders causing eosinophilia were excluded. There was not
any significant correlation between eosinophilia and type of
mutations. This suggests us that non-Omenn phenotype SCID
patients with RAGI1 deficiency can also present with eosino-

SCID phenotype  RAGI1 mutation HSCT, n Donor Exitus n

T*B'NK* p.R561H homozygous 1 Unrelated donor 0 2
H249R/K820R compound heterozygous 1 Unrelated donor 0

T'B'NK* H249R/K820R compound heterozygous: 4 1 Sister 1 8
H249R heterozygous: 2 1 Mother 0
H249R homozygous: 1 0 0 1
delAA368-369 homozygous: 1 1 Mother 1

TBNK" H249R/K820R compound heterozygous: 2 0 0 2 8
H249R homozygous: 2 1 Unrelated donor 0
Leu846Pr homozygous: 1 1 Brother 0
R394Q homozygous: 2 1 Father 2
p-R776Q del 3047-49 GCC: 1 0 0 1

Omenn H249R heterozygous: 2 1 Unrelated donor 2 3
arg108x/his249arg/leu797val/lys820arg heterozygous: 1 0 1

Total 9 9 11 21
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philia. Eosinophilia is also reported in primary immunodefi-
ciency patients other than RAG defects, such as congenital
neutropenias, adenosine deaminase and DOCKS deficiencies

bination defects in lymphocytes due to RAG mutations:
severe immunodeficiency with a spectrum of clinical
presentations. Blood. 2001;97(1):81-88.

(literaiir eklenecek). Compensatory mechanisms may be the 6. Jones JM, Simkus C. The roles of the RAG1 and RAG2

reason for the increase in eosinophil counts in these patients. "non-core" regions in V(D)J recombination and lym-

Further evaluation is needed about eosinophilia in these pa- phocyte development. Arch Immunol Ther Exp (Warsz).

tients. 2009;57(2):105-116.
SCID patients mostly have lymphopenia. In the follow- 7. Kilic SS, Ozel M, Hafizoglu D, Karaca NE, Aksu G,
up period, some patients can develop other cytopenias such Kutukculer N. The prevalences [correction] and pa-
as thrombocytopenia, and neutropenia which can persist for a tient characteristics of primary immunodeficiency dis-
long time. In our group, seven patients underwent bone mar- eases in Turkey - two centers study. J Clin Immunol.
row biopsies because of persistent cytopenia and bone mar- 2013;33(1):74-83.
row fibrosis was determined in three of these patients. To our 8. Kato T, Crestani E, Kamae C, Honma K, Yokosuka T,
knowledge, there are no reports about bone marrow fibrosis Ikegawa T, Nishida N, et al. RAGI deficiency may pre-
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same compound heterozygous mutation H249R/K820R and nol. 2015;35(3):280-288.
one of them also had BCG infection. 9. Nichues T, Perez-Becker R, Schuetz C. More than just
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our group, H249R and K820R compound heterozygous and binase activating genes (RAG) 1 and 2. Clin Immunol.
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