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Abstract
Autoimmune lymphoproliferative syndrome (ALPS) is a disease of lymphocyte homeostasis caused by FAS-mediated 
apoptotic pathway dysfunction and is characterized by non-malignant lymphoproliferation with an increased number of 
TCRαβ+CD4−CD8− double-negative T cells (αβDNTs). Conversely, RAS-associated leukoproliferative disease (RALD), 
which is caused by gain-of-functional somatic variants in KRAS or NRAS, is considered a group of diseases with a similar 
course. Herein, we present a 7-year-old Japanese female of RALD harboring NRAS variant that aggressively progressed to 
juvenile myelomonocytic leukemia (JMML) with increased αβDNTs. She eventually underwent hematopoietic cell trans-
plantation due to acute respiratory distress which was caused by pulmonary infiltration of JMML blasts. In general, αβDNTs 
have been remarkably increased in ALPS; however, FAS pathway gene abnormalities were not observed in this case. This 
case with RALD had repeated shock/pre-shock episodes as the condition progressed. This shock was thought to be caused 
by the presence of a high number of αβDNTs. The αβDNTs observed in this case revealed high CCR4, CCR6, and CD45RO 
expressions, which were similar to Th17. These increased Th17-like αβDNTs have triggered the inflammation, resulting in 
the pathogenesis of shock, because Th17 secretes pro-inflammatory cytokines such as interleukin (IL)-17A and granulocyte-
macrophage colony-stimulating factor. The presence of IL-17A-secreting αβDNTs has been reported in systemic lupus 
erythematosus (SLE) and Sjögren’s syndrome. The present case is complicated with SLE, suggesting the involvement of 
Th17-like αβDNTs in the disease pathogenesis. Examining the characteristics of αβDNTs in RALD, JMML, and ALPS may 
reveal the pathologies in these cases.
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We report an atypical RAS-associated leuko-proliferative dis-
ease (RALD) case which aggressively progressed to juvenile 
myelomonocytic leukemia (JMML) with various complications, 

including increased TCRαβ+CD4−CD8− double-negative T 
cells, chronic lymphadenopathy, hepatosplenomegaly, hemop 
hagoc ytic lymph ohist iocyt osis (HLH), and syste mic lupus  eryth 
emato sus (SLE).

Autoimmune lymphoproliferative syndrome (ALPS) 
is a disease of lymphocyte homeostasis caused by FAS-
mediated apoptotic pathway dysfunction and is charac-
terized by lymphoproliferation with an increased number 
of TCRαβ+CD4−CD8− double-negative T cells (αβDNTs) 
[1]. Conversely, RALD is caused by gain-of-function 
somatic variants in KRAS or NRAS, clinically resembling 
ALPS [2, 3]. RALD shows autoimmunity, lymphad-
enopathy, and/or splenomegaly, but with no defect in 
FAS-dependent apoptosis and with normal or marginally 
increased αβDNTs in peripheral blood [1, 3]. Some cases 
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with RALD show partial overlap with JMML, suggesting a 
continuous disease concept [4].

Herein, we report a 7-year-old Japanese female with 
RALD and SLE followed by JMML, who was finally suc-
cessfully treated by allogenic hematopoietic cell transplan-
tation (HCT). The clinical characteristics of this case were 
reported as patient 1 in a previous article [5]. We addition-
ally report a detailed investigation of the difference between 
ALPS and RALD using flow cytometry.

At 4-month-old, she was admitted to our hospital with a 
developed fever and hepatosplenomegaly. Laboratory test-
ing revealed pancytopenia, liver dysfunction, elevated serum 
lactate dehydrogenase (2909 U/L) and ferritin (12,122 U/
ml), and severe coagulopathy (Table S1). She was diagnosed 
with HLH and was treated with dexamethasone, cyclo-
sporine A, and prednisolone, which improve her condition. 
However, γ-globulin was gradually increased, and throm-
bocytopenia proceeded along with the dose de-escalation. 
She was suspected of ALPS at 2 years because of increased 
αβDNTs in her peripheral blood. However, we did not detect 
any coding variants in genes involved in the FAS pathway 
and known to underlie ALPS. A whole-exome sequencing 
was performed at the age of 2 years and 3 months, which 
detected a somatic mosaic variant of NRAS G13D, leading to 
RALD diagnosis. Functional analysis of the gain-of-function 
NRAS G13D variant has been reported previously [2]. In fur-
ther analysis, NRAS G13D variant was observed as mosai-
cism in the nails (0–22%) and blood cells (67%), including T 
cells, natural killer cells, and αβDNTs [5]. Almost simulta-
neously, facial erythema and proteinuria appeared, and anti-
dsDNA antibody turned positive. A renal biopsy revealed 
lupus type V, and she was diagnosed with SLE and lupus 
nephritis. These symptoms were improved with tacrolimus 
and remained in remission. However, monocytes markedly 
increased at around 4 years of age, and bone marrow exami-
nation revealed mild dysplasia and high granulocyte-mac-
rophage colony-stimulating factor (GM-CSF) sensitivity, 
indicating the JMML diagnosis. Around this time, she began 
to have repeated hospitalizations for shock state (Fig. 1A).

Respiratory distress symptoms appeared at the age of 6 
years, and a chest computed tomography scan revealed mot-
tled shadows around the bronchioles. A thoracoscopic lung 
biopsy was performed at the age of 7 years, which revealed 
monocyte infiltration in the lung tissue (Figure S1). She 
was diagnosed with acute exacerbation of JMML, and we 
decided to perform allogeneic HCT. She underwent HCT 
from an HLA fully matched unrelated donor. The condition-
ing regimen is shown in Fig. 1B. 5 ×  106 total nucleus cells/
kg (3 ×  105 CD34 cells /kg) was transfused. Tacrolimus and 
short-term methotrexate (15 mg on day 3, 10 mg on day 7, 
and 10 mg on day 15) were employed for the prophylaxis of 
graft-versus-host disease (GVHD). The case suffered sev-
eral transplantation-related complications, including grade 

1 acute GVHD (mucositis, skin rash, fever, and diarrhea), 
which were detected on day 21 and were controllable with 
prednisolone. Hematological reconstitution was normally 
observed. The case had a good clinical course after trans-
plantation, and since then, the disease has stabilized. Granu-
lar or mottled shadows of pulmonary infiltrates were dramat-
ically improved (Figure S1). The incidence of αβDNTs has 
been in the same range as that of healthy subjects (Fig. 1C), 
and both SLE and JMML have ameliorated without event for 
>4 years without any relapse without steroid or immunosup-
pressive drug administration.

The αβDNTs of this case expressed CD45RO and 
chemokine receptors CCR4 and CCR6 [6]. However, 
the αβDNT cells of the case with ALPS expressed few 
of these (Fig.  1C and D). In contrast, CXCR3 was not 
expressed on αβDNTs of RALD but expressed on these 
of ALPS (Fig.  1D). CD45RO is the surface marker of 
memory T cells, and CCR4, CCR6, and CXCR3 can 
help discriminate between helper T cell subtypes: Th1, 
 CCR4−CCR6−CXCR3+; Th2,  CCR4+CCR6−CXCR3−; and 
Th17,  CCR4+CCR6+CXCR3− (Supplementary Figure S2) 
[6].

The αβDNTs of RALD were recognized as 
 CD45RO+CCR4+CCR6+CXCR3− in general [6], thereby 
indicating similarity as Th17 other than CD4 expression. As 
RORγt is the master regulator transcription factor for Th17 and 
Th17 has intracellular RORγt expression [7, 8], we analyzed 
RORγt expression in the αβDNTs. The αβDNTs of RALD had 
intracellular RORγt expression but not with ALPS (Fig. 1E). 
Th17 produces IL-17A and αβDNTs of ALPS produce IL-10 
[9]; we analyzed whether αβDNTs produce IL-17A and IL-10 
or not. The αβDNTs of RALD produced IL-17A, and ALPS 
did not produce it. Conversely, the αβDNTs of RALD did not 
produce IL-10. Hence, this RALD case produced IL-17A and 
little IL-10, while the two ALPS cases produced IL-10 without 
IL-17A (Fig. 1F).

We report a case of RALD that aggressively progressed 
to JMML with increased αβDNTs. αβDNTs are a legitimate 
component of the normal immune system. αβDNTs accu-
mulate in the peripheral blood in ALPS and some diseases 
due to FAS apoptotic pathway variants. The number of 
αβDNTs is generally normal or slightly increased in cases 
with RALD. αβDNTs are thought to originate from CD4 and 
CD8 T cells that have lost their co-receptors, but their origin 
remains controversial. The αβDNTs of our case expressed 
CD45RO, CCR4, and CCR6 on the surface and RORγt 
in the cytoplasm and were capable of producing IL-17A, 
similar to Th17 and different from those observed in cases 
with ALPS-FAS. CD45RO is a T cell memory marker, and 
CCR4/CCR6 double-positive T cells have a Th17 pheno-
type. Thus, we speculated that the αβDNTs in this case were 
derived from Th17 after antigen exposure and that the NRAS 
variant contributed to αβDNT development. Th17 secretes 
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a variety of inflammatory cytokines, such as GM-CSF as 
well as IL-17A, and this αβDNT might have a similar func-
tion. αβDNTs that produce IL-17A have been reported to 
be associated with infection [10], SLE [11], Sjögren’s syn-
drome [12], and other autoimmune diseases, but analysis 
using extracellular and intracellular markers has never been 

performed. The present case was complicated with SLE, 
suggesting the involvement of Th17-like αβDNTs in its 
pathogenesis. Some of the shock/pre-shock episodes of the 
case were induced by infection, but some of the symptoms 
were considered autoinflammatory based on primary disease 
exacerbation because the cause of the infection could not be 

Fig. 1  A Clinical course from 
diagnosis to hematopoietic cell 
transplantation (HCT). B The 
conditioning regimen of HCT. 
The conditioning regimen was 
consisted of total body irradia-
tion (3 Gy on day -3), busulfan 
(0.8 mg/kg × 4/day on days -11 
and -10), L-PAM (90 mg/m2 
× 2 from days -5 and -4), and 
flu (30 mg/m2 from days -9 to 
-6). Tacrolimus and short-term 
methotrexate (15 mg on day 
3, 10 mg on day 7, and 10 mg 
on day 15) were employed 
for the prophylaxis of graft-
versus-host disease (GVHD). 
TBI, total body irradiation. 
C–F All immunophenotyping 
analyses were performed at 5–6 
years of age, almost same time 
progression to JMML. C CCR4 
is highly expressed on the 
surface of αβDNTs in this case 
with RALD. D Comparison of 
surface CD45RO, CCR6, and 
CXCR3 expressions in αβDNTs 
of these RALD and ALPS 
cases. E Comparison of intra-
cellular expression of RORγt 
in αβDNTs of these RALD and 
ALPS cases. The αβDNTs of 
RALD intracellularly expressed 
RORγt. F Comparison of IL-
17A and IL-10 production in 
αβDNTs between RALD and 
ALPS cases. Stimulation was 
performed with PMA and iono-
mycin for 4 h. The αβDNTs of 
RALD can produce IL-17A and 
little IL-10, while the αβDNTs 
of ALPS can produce IL-10 and 
little IL-10
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identified. In particular, monocytes that met the diagnostic 
criteria for JMML and Th17-like αβDNT-induced inflam-
mation were probably implicated in the shock pathogenesis. 
In this analysis, the association between these cells and the 
pathogenesis were not clearly proven, and further analysis 
is needed in similar cases. In the future, the characteristics 
of αβDNTs appearing in RALD and JMML may be investi-
gated and accumulated to predict which pathology they may 
cause. Secondary gene alterations should be investigated in 
RALD cases in more detail.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10875- 023- 01566-9.
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