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Abstract

Background: Hemophagocytic lymphohistiocytosis (HLH) is a life-threatening condition of immune dysregula-

tion primarily driven by the cytokine interferon gamma. It can be either a genetic or acquired disorder associated
with infection, malignancy, and rheumatologic disorders. Trisomy 21 can express a wide range of phenotypes which
include immune dysregulation and shares inherent pathophysiology with a group of disorders termed interferonopa-
thies. Knowledge of this overlap in seemingly unrelated conditions could provide a basis for future research, and most
importantly, alternative therapeutic interventions in acute life threatening clinical scenarios. Herein, we describe two
patients with trisomy 21 presenting with HLH that was refractory to conventional treatment. Both patients were suc-
cessfully managed with novel interventions targeting the interferon pathway.

Case presentation: We describe a 17-month-old male and 15-month-old female with trisomy 21 presenting with

a myriad of signs and symptoms including fever, rash, cytopenias, and hyperferritinemia, both ultimately diagnosed
with HLH. Each had relapsing, refractory HLH over time requiring several admissions to the hospital receiving conven-
tional high dose corticosteroids and interleukin-1 inhibition therapy. Successful steroid-free remission was achieved
after targeting interferon inhibition with emapalumab induction followed by long-term maintenance on baricitinib.

Conclusion: To our knowledge, these are the first reported cases of relapsed, refractory HLH in patients with trisomy
21 successfully treated with emapalumab and transitioned to a steroid-sparing regimen with oral baricitinib for main-
tenance therapy. Trisomy 21 autoimmunity and HLH are both thought to be driven by interferon gamma. Targeting
therapy toward interferon signaling in both HLH and autoimmunity in trisomy 21 may have potential therapeutic
benefits. Further investigation is needed to determine if trisomy 21 may predispose to the development of HLH given
this common pathway.
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Background

Down syndrome is caused by trisomy 21, the occur-
rence of three copies of human chromosome 21. It is the
most common chromosomal anomaly affecting approxi-
mately 1 in 800 newborns worldwide [1]. In addition
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to individuals with trisomy 21 having varying levels of
intellectual disability, there are many associated co-mor-
bidities including congenital heart disease, hearing loss,
hematological malignancies, and immune dysregulatory
conditions. Hypothyroidism, type I diabetes mellitus,
celiac disease, and Down syndrome associated arthritis
[2] occur at a disproportionately high rate when com-
pared to healthy controls. It has been well established
that trisomy 21 is associated with immune deficits, with
both the innate and adaptive responses being affected [3].
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Interferon gamma (IFNy), a cytokine that is an impor-
tant activator of macrophages, is found at elevated lev-
els in children with trisomy 21 [4—6]. Other cytokines
found downstream of interferon (IFN) signaling, includ-
ing IL-6, IL-22, TNFa, and VEGEF-A are also elevated in
those with trisomy 21 [7]. This overexpression may be
due to the fact that four of the six IFN receptor subunits
are found on chromosome 21 [8]. The overexpression
of these genes is thought to contribute to the develop-
ment of immune dysregulation in trisomy 21 [8, 9]. This
has prompted some to consider trisomy 21 in a group of
disorders termed interferonopathies [10]. Further weight
to this concept is supported by evidence that triplication
of the IEN receptor in mouse models led to increased
expression of all four IFN receptors and an exacerbated
immune response, whereas normalization of IFN recep-
tor gene dosage rescued multiple key phenotypic changes
associated with trisomy 21 [11].

As IFNy is an activator of macrophages, it has a cen-
tral role in the pathogenesis of hemophagocytic lympho-
histiocytosis (HLH), a life-threatening condition caused
by overactivation of the immune system resulting in
hypercytokinemia, hyperinflammation, and multi-organ
failure. Diagnosis can be made if a patient meets five of
the following eight criteria: fever>38.3 C, splenomegaly,
cytopenias, hyperferritinemia, hypertriglyceridemia and/
or hypofibrinogenemia, low or absent natural killer (NK)
cell activity, hemophagocytosis in bone marrow, spleen,
liver, or lymph nodes, and elevated soluble CD25/solu-
ble interleukin-2 receptor (sIL-2r) exceeding established
values [12]. Classically, the diagnosis can be divided into
primary (inherited) or secondary (acquired) disease.
Primary HLH often presents in young children, has a
clear genetic etiology, and has poor long-term progno-
sis without allogeneic hematopoietic stem cell trans-
plantation [13, 14]. Secondary HLH is often the result
of infection, malignancy, or in association with immune
disease [14]. When associated with rheumatologic dis-
eases, HLH is often referred to as macrophage activation
syndrome (MAS) [14, 15]. The immune dysregulation in
HLH is mainly thought to be driven by IFNy [16]. Cur-
rent standard of care treatment per protocol HLH-2004
aims to control the immune dysregulation with chemo-
therapy and steroids as a bridge to curative hematopoi-
etic stem cell transplant [12, 17]. In those with recurrent
HLH, often treatment ends with bone marrow transplant
as well. In 2018, emapalumab (Gamifant), an IFNy anti-
body, was FDA-approved for the treatment of pediatric
and adult patients with primary HLH who have refrac-
tory, recurrent, or progressive disease or intolerance with
conventional HLH therapy [18].

Additionally, janus kinase inhibition has also been
proposed as a potential target in HLH treatment due to
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downstream impacts on IFN. Cells in individuals with
trisomy 21 are hypersensitive to IFN stimulation, as dem-
onstrated by increased janus kinase signal transducer
and activator of transcription (JAK-STAT) signaling [19],
making this a promising potential therapy.

Given the relationship of IFN in both HLH and trisomy
21, we targeted IFN suppression in two patients with tri-
somy 21 presenting with relapsed, refractory HLH/MAS.

Case presentations

Case 1

A 17-month-old male with trisomy 21, celiac disease,
and history of complete atrioventricular septal defect
status-post repair presented with persistent fevers, rash,
hepatosplenomegaly, and serositis and arthritis on imag-
ing. Labs revealed anemia (9.0 g/dL), thrombocytopenia
(30,000), and elevated inflammatory markers, including
ESR (81 mm/h), CRP (13.3 mg/dL), and ferritin (674 ng/
ml). Initial investigation included a broad infectious
workup, notably negative for CMV, EBV, adenovirus,
parvovirus, hepatitis B, hepatitis C, and HIV. Immuno-
logical workup was largely unremarkable, with normal
C3, C4, and IgG levels, along with normal NK cell func-
tion. IgA and IgM were mildly elevated at 225 mg/dL and
204 mg/dL, respectively. Initial cytokine testing included
IL-6 only, which was elevated at 105 pg/mL. Hematologi-
cal and oncological workup included bone marrow and
inguinal lymph node biopsies which displayed no evi-
dence of malignancy or HLH. Ultimately, a presumptive
diagnosis of systemic juvenile idiopathic arthritis (sJIA)
was made.

He therefore was promptly initiated on naproxen and a
prednisolone bridge while beginning interleukin-1 (IL-1)
inhibition via twice daily 2 mg/kg anakinra. He had sev-
eral sJIA flares over the next several months manifested
by recurrent fevers, rash, elevated inflammatory mark-
ers, and worsening arthralgias. Anakinra was discon-
tinued and replaced with alternative IL-1 inhibition via
monthly canakinumab. He also received maintenance
prednisolone.

Despite the above therapies and dose adjustments,
he continued to have frequent admissions for fevers
and thrombocytopenia following infections. Finally,
after an exhaustive infectious, malignant, and immune
workup, the possibility of relapsing, refractory HLH/
MAS was proposed. The diagnosis of HLH/MAS
was ultimately made during an admission around
34 months of age and supported by persistent fever,
hyperferritinemia (49,073 ng/mL), thrombocytope-
nia (59,000), anemia (8.4 g/dL), hypofibrinogenemia
(50 mg/dL), elevated sIL-2r (13,079 U/ml), a highly
specific marker for HLH [20], and hemophagocytosis
visualized on repeat bone marrow biopsy. Supporting
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clinical criteria included transaminitis, hyponatremia,
and associated coagulopathy. He was treated aggres-
sively with high-dose methylprednisolone at 15 mg/
kg twice daily for six total doses along with discon-
tinuation of canakinumab and re-initiation of daily
anakinra. The patient was discharged home on anak-
inra at 8 mg/kg daily and dexamethasone taper start-
ing at 10 mg/m?/day over eight weeks per HLH-2004
protocol. Genetic testing for hereditary HLH, which
included the four most common genes associated with
familial HLH, PRF1, STX11, STXBP2, and UNC13D,
along with several genes associated with X-linked lym-
phoproliferative disease and Griscelli syndrome, were
all negative.

After six months of treatment, he again suffered
a relapsing course. Given ongoing episodes of mac-
rophage activation despite high doses of IL-1 inhibi-
tion, extensive multi-disciplinary discussions led to
approved use of emapalumab, given its known effi-
cacy in primary HLH, in addition to ongoing anakinra
and dexamethasone. Emapalumab was administered
twice weekly for 10 weeks, starting with 1 mg/kg and
titrated up to maximum of 3 mg/kg. Several inflamma-
tory markers, including ferritin, sIL-2r, and chemokine
ligand 9 (CXCL-9), a chemokine induced by IFNy,
were frequently monitored (see Fig. 1). While on ema-
palumab, the patient had both clinical and laboratory
improvement. The patient was weaned off emapalumab
and transitioned to twice daily baricitinib at 2 mg per
dose (0.26 mg/kg/day). The decision to transition to
baricitinib was largely due to cost efficacy and easier
administration in that the patient could avoid long-
term need for infusions. Baricitinib has been efficacious
in treatment of interferonopathies given its suppression
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on IFNY, so was trialed as maintenance in this patient,
which ended up also being efficacious.

He did require re-hospitalization at 5 years of age for
acute respiratory failure secondary to COVID-19 pneu-
monia. There was associated hyper-inflammation but the
patient did not develop HLH/MAS at that time. He was
maintained on baricitinib and anakinra throughout the
illness. He did require a short course of corticosteroids
for respiratory indications during hospitalization, which
were able to be weaned off without relapse of hyper-
inflammation or HLH/MAS. To date he continues to do
well on maintenance anakinra and baricitinib without
additional disease flare for over two years.

Case 2

A 15-month-old female with trisomy 21, recurrent otitis
media, persistent fevers and rash, and recurrent throm-
bocytopenia was admitted with fever, emesis, and acute
liver failure. Initial infectious workup was negative for
acute CMV, EBYV, adenovirus, parvovirus, HSV, and HIV.
Bone marrow biopsy was negative for malignancy and
without evidence of hemophagocytosis. After an exten-
sive infectious, malignant, and immune workup, she was
diagnosed with a form of steroid-dependent HLH. Diag-
nosis of HLH was made based on fevers, hyperferritine-
mia (6,838 ng/ml), pancytopenia (WBC 1,900 though
ANC>1000, Hgb 6.2 g/dL, platelets 44,000), hypofibrino-
genemia (96 mg/dl), elevated sIL-2r (12,390 U/ml), ele-
vated sCD163 (8878 ng/mL) and decreased NK cell count
and function with poor cytotoxicity, as evidenced by low
CD107a, which can be used as a marker for NK cell activ-
ity. Additionally, she had decreased percentage of NK
cells expressing perforin. Supporting clinical criteria for
the diagnosis for HLH included transaminitis, vomiting,
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and weight loss. Her initial presentation was compli-
cated by Streptococcus pneumoniae bacteremia and DIC.
The patient was initiated on anakinra, along with an
eight-week dexamethasone taper and etoposide, though
delayed initially due to liver injury, per HLH-2004 proto-
col. Genetic testing for hereditary HLH, which included
14 associated genes, was negative. The etiology of her
HLH was initially suspected to be secondary to an infec-
tious trigger or underlying primary immunodeficiency
given her low NK cell count and poor function. Of note,
on initial presentation, she had normal immunoglobulin
levels and normal pneumococcal serologies, suggesting
functional B cells.

By three years of age, she continued to have repeated
flares of macrophage activation, mainly triggered by
attempts at weaning steroids as well as frequent infec-
tions, including viral sources, MRSE bacteremia,
Clostridium difficile colitis, abdominal abscess, and cel-
lulitis. Given her frequent exacerbations with steroid-
dependence and despite high doses of IL-1 inhibition
with both anakinra and canakinumab trials, she was
initiated on emapalumab at 1 mg/kg twice weekly. Ema-
palumab was chosen given its efficacy in primary HLH.
It was proposed that her HLH was due to underlying
immune dysregulation and hyper-interferon signal-
ing associated with trisomy 21. A baseline CXCL-9 was
elevated at 303 pg/ml, affirming increased IFNy signal-
ing. While on emapalumab, ferritin, sIL-2r, CXCL-9,
and other inflammatory markers were frequently moni-
tored (see Fig. 2). She had both clinical and laboratory
improvement so twice daily baricitinib was initiated at
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2 mg per dose (0.3 mg/kg/day) after about five weeks
of emapalumab treatment. Continued stability allowed
successful wean of emapalumab after ten total weeks of
treatment. She has continued to do well without return
of disease for three years on maintenance baricitinib,
allowing successful withdrawal of corticosteroids for the
first time since diagnosis, and an ongoing slow wean of
anakinra.

Discussion

Those with trisomy 21 are highly predisposed to multi-
organ immune dysregulation, likely due in part to
hyperactivation of IFN signaling [9, 10, 21]. A recently
described group of auto-inflammatory disorders char-
acterized by dysregulation in IFN signaling are called
interferonopathies [22]. These monogeneic disorders,
some of which include Aicardi-Goutiéres syndrome
(AGS), monogenetic forms of lupus, chronic atypi-
cal neutrophilic dermatosis with lipodystrophy and
elevated temperatures (CANDLE), stimulator of IFN
genes (STING)-associated vasculopathy with onset
in infancy (SAVI), are caused by a mutation leading to
upregulation of type I IFN, which ultimately is involved
in the pathogenesis of the diseases [23]. Given trisomy
21 has elevated IFN levels [4—6], its proteome has mul-
tiple ties to IFN signaling [7], and many of the changes
are similar to those observed in type I interferonopathies
[10], it is reasonable to think of trisomy 21 similarly to
an interferonopathy [8, 9, 11]. It has often been classi-
fied as a ‘mild interferonopathy, as the interferon acti-
vation is milder than that in patients with monogeneic
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interferonopathies [24]. Patients with trisomy 21 are
likely more susceptible to developing HLH, especially
following or during viral illnesses as the additional cir-
culating IFN may reach the necessary threshold to tip
them over into recurrent HLH, though literature regard-
ing this potential association is scarce. Case reports
include a 10-year-old female with trisomy 21 who devel-
oped HLH as a complication of M. pneumoniae infec-
tion [25]. Authors argued that the patient’s underlying
immune dysregulation secondary to trisomy 21 most
likely led to more severe infection, and ultimately HLH.
Another case report describes a 3-year-old male with
trisomy 21 in whom a severe SARS-CoV-2 infection trig-
gered secondary HLH [26]. The underlying immune dys-
regulation in trisomy 21 patients, including known NK
cell dysfunction [27-29], likely does contribute to their
development of HLH, as this leads to decreased ability
to clear infections. As seen in the second patient case we
described above, her NK cell dysfunction likely contrib-
uted to her frequent HLH/MAS flares associated with
infections. Regardless, with the elevated baseline IFN
activation in those with trisomy 21, it is reasonable that
early IFN inhibition may prevent or provide rescue for
these patients regarding elevated HLH risk.

A mouse model with overexpression of IFN receptor
genes, to mimic trisomy 21, showed that JAK 1/2 inhibi-
tors provide therapeutic benefits such as blocked lethal
immune responses and reduced cytokine production
[30]. As HLH is also a disease of IFN over-activation,
mouse models with IFNy-blocking antibodies induced
recovery and improved survival in two separate murine
models [31]. Other murine models suggest that inhibiting
multiple cytokine signaling pathways, through JAK inhib-
itors for example, may be more efficacious in the treat-
ment of HLH compared to targeting IFNy alone [32]. In
preclinical murine models, treatment with ruxolitinib, a
JAK 1/2 inhibitor, has been reported to improve inflam-
matory pathologies such as weight loss, organomegaly,
and cytopenias, as well as survival [33].

With emapalumab’s FDA-approval for use in relaps-
ing, refractory primary HLH in 2018, many patients have
been effectively treated, and able to proceed to hemat-
opoietic stem cell transplant [34]. Its use in secondary
HLH, however, remains limited. A group of 14 pediatric
patients with HLH/MAS secondary to sJIA all had reso-
lution of their disease after treatment with emapalumab
[35]. Case reports detail successful use in a woman with
HLH/MAS secondary to adult onset Still's disease [36]
and resolution of EBV-associated HLH without an HLH-
gene mutation in a 20-month old [37], similar to our
described pediatric patients. Currently, there is an ongo-
ing clinical trial evaluating the efficacy and safety of ema-
palumab in children and adults with secondary HLH/
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MAS [38]. In terms of oral JAK inhibitor use, its future
use in HLH is promising. In the pediatric population,
Zhang et al [39] detailed safe and efficacious use of rux-
olitinib as first-line therapy in 12 children with secondary
HLH, in which the overall response rate at end of 28-days
of treatment was 83.3%. This allowed the patients to
avoid the toxic effects secondary to standard chemother-
apy treatment regimens. There are case reports, mainly
in adult patients [40-42], of ruxolitinib used in refrac-
tory HLH salvage therapy with favorable results. Ruxoli-
tinib was also used successfully as salvage treatment in an
11-year-old with refractory HLH [43]. It appears there is
no current literature discussing specific use of baricitinib
in HLH/MAS.

Management of other interferonopathies has found
success in targeting the interferon response. Therapy
targeted at inhibiting JAK has shown both clinical and
laboratory improvement in patients with the monogeneic
interferonopathies CANDLE and SAVI [44]. In trisomy
21 specifically, two cases have been reported of success-
ful JAK inhibition with tofacitinib in patients with auto-
immune alopecia areata [45]. These two patients are part
of a larger cohort enrolled in the Crnic Institute Human
Trisome Project’s clinical trial, which is evaluating
tofacitinib’s safety and efficacy in treatment of immune
skin conditions in trisomy 21 [46]. Literature regarding
emapalumab use in patients with trisomy 21 is lacking,
however.

To our knowledge, the two cases above are the first
reported cases of relapsed, refractory HLH/MAS in
patients with trisomy 21 successfully induced with ema-
palumab, an IFNy antibody, and transitioned to a steroid
sparing regimen with oral baricitinib, a JAK inhibitor, for
maintenance interferon suppression. Early use of IFN
suppression in this population can help abort HLH flares
while chronic suppression helps prevent further flares.

Conclusion

We report these cases to show that inhibition of inter-
feron pathway through IFNy inhibition and long term
suppression with JAK inhibitors have potential therapeu-
tic benefits in those with HLH and trisomy 21, as well as
other disorders driven by interferon, which could lead to
more targeted and earlier therapies. Further investigation
is also needed to determine if trisomy 21 may predispose
to the development of HLH given this common pathway.

Abbreviations

AGS: Aicardi-Goutieres syndrome; CANDLE: Chronic atypical neutrophilic
dermatosis with lipodystrophy and elevated temperatures; CMV: Cytomeg-
alovirus; CXCL-9: Chemokine ligand 9; EBV: Epstein-Barr virus; HIV: Human
immunodeficiency virus; HLH: Hemophagocytic lymphohistiocytosis; HSV:
Herpes simplex virus; IFN: Interferon; IFNy: Interferon-gamma; IL: Interleukin;



Guild et al. Pediatric Rheumatology (2022) 20:104

JAK-STAT: Janus kinase-signal transducer and activator of transcription; MAS:
Macrophage activation syndrome; NK: Natural killer; SAVI: Stimulator of IFN
genes (STING)-associated vasculopathy with onset in infancy; sIL2-r: Soluble
interleukin-2 receptor; sJIA: Systemic juvenile idiopathic arthritis; STING: Stimu-
lator of IFN genes; TKI: Tyrosine kinase inhibitor.

Acknowledgements
Not applicable.

Authors’ contributions
All' authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Consent for publication has been obtained from patients' parents.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Pediatrics, University of Nebraska Medical Center, Omaha, NE,
USA. 2Department of Pediatrics, Division of Hematology Oncology, University
of Nebraska Medical Center, Omaha, NE, USA. *Department of Rheumatology,
Boystown National Research Hospital, Omaha, NE, USA.

Received: 1 July 2022 Accepted: 29 October 2022
Published online: 18 November 2022

References

1. Bull MJ. Down syndrome. N Engl J Med. 2020;382:2344-52.

2. Jones JT, Kitchen J, Talib N. Down syndrome-associated arthritis (DA):
diagnostic and management challenges. Pediatric Health Med Ther.
2022;14(13):53-62.

3. Kusters MA, Verstegen RH, Gemen EF, de Vries E. Intrinsic defect of the
immune system in children with Down syndrome: a review. Clin Exp
Immunol. 2009;156(2):189-93.

4. Huggard D, Doherty DG, Molloy EJ. Immune dysregulation in children
with Down syndrome. Front Pediatr. 2020;8:73.

5. Nateghi Rostami M, Douraghi M, Miramin Mohammadi A, Nikmanesh
B. Altered serum pro-inflammatory cytokines in children with Down's
syndrome. Eur Cytokine Netw. 2012;23(2):64—7.

6. Zhang, Che M, Yuan J, et al. Aberrations in circulating inflammatory
cytokine levels in patients with Down syndrome: a meta-analysis. Onco-
target. 2017,8(48):84489-96.

7. Sullivan KD, Evans D, Pandey A, et al. Trisomy 21 causes changes in the
circulating proteome indicative of chronic autoinflammation. Sci Rep.
2017;1:14818.

8. Araya P Waugh KA, Sullivan KD, NUfiez NG, Roselli E, Smith KP, Granrath
RE, Rachubinski AL, Enriquez Estrada B, Butcher ET, Minter R, Tuttle KD,
Bruno TC, Maccioni M, Espinosa JM. Trisomy 21 dysregulates T cell line-
ages toward an autoimmunity-prone state associated with interferon
hyperactivity. Proc Natl Acad Sci USA. 2019;116(48):24231-41.

9. Kong XF, Worley L, Rinchai D, Bondet V, Jithesh PV, Goulet M, Nonnotte
E, Rebillat AS, Conte M, Mircher C, Gurtler N, Liu L, Migaud M, Elanbari
M, Habib T, Ma CS, Bustamante J, Abel L, Ravel A, Lyonnet S, Munnich A,
Duffy D, Chaussabel D, Casanova JL, Tangye SG, Boisson-Dupuis S, Puel
A.Three Copies of Four Interferon Receptor Genes Underlie a Mild Type |
Interferonopathy in Down Syndrome. J Clin Immunol. 2020;40(6):807-19.

10.

1.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Page 6 of 7

Sullivan KD, et al. Trisomy 21 consistently activates the interferon
response. Elife. 2016;5:16220.

Waugh KA, Minter R, Baxter J, et al. Interferon receptor gene dosage
determines diverse hallmarks of Down syndrome. bioRxiv. 2022. https://
doi.org/10.1101/2022.02.03.478982.

Henter JI, Horne A, Aricd M, Egeler RM, Filipovich AH, Imashuku S, Ladisch
S, McClain K, Webb D, Winiarski J, Janka G. HLH-2004: Diagnostic and
therapeutic guidelines for hemophagocytic lymphohistiocytosis. Pediatr
Blood Cancer. 2007;48(2):124-31.

Rosado FG, Kim AS. Hemophagocytic Lymphohistiocytosis: an update on
diagnosis and pathogenesis. Am J Clin Pathol. 2013;139(6):713-27.
Jordan MB, Allen CE, Weitzman S, Filipovich AH, McClain KL. How | treat
hemophagocytic lymphohistiocytosis. Blood. 2011;118:4041-52.

Selmi DS, Teuber SS, et al. Macrophage activation syndrome in autoim-
mune disease. Int Arch Allergy Immunol. 2010;153:109-20.

Jordan MB, Hildeman D, Kappler J, Marrack P. An animal model of
hemophagocytic lymphohistiocytosis (HLH): CD8+ T cells and interferon
gamma are essential for the disorder. Blood. 2004;104(3):735-43.
Bergsten E, Horne A, Aricé M, et al. Confirmed efficacy of etoposide and
dexamethasone in HLH treatment: long-term results of the cooperative
HLH-2004 study. Blood. 2017;130:2728-38.

U.S. Food & Drug Administration. FDA approves first treatment specifically
for patients with rare and life-threatening type of immune disease. 2018.
https.//www.fda.gov. Accessed 10 Jan 2022.

Waugh KA, Araya P, Pandey A, Jordan KR, Smith KP, Granrath RE, Khanal S,
Butcher ET, Estrada BE, Rachubinski AL, McWilliams JA, Minter R, Dimasi
T, Colvin KL, Baturin D, Pham AT, Galbraith MD, Bartsch KW, Yeager ME,
Porter CC, Sullivan KD, Hsieh EW, Espinosa JM. Mass Cytometry Reveals
Global Immune Remodeling with Multi-lineage Hypersensitivity to Type |
Interferon in Down Syndrome. Cell Rep. 2019;29(7):1893-908.

Lin M, Park S, Hayden A, Giustini D, Trinkaus M, Pudek M, Mattman A,
Schneider M, Chen LYC. Clinical utility of soluble interleukin-2 receptor in
hemophagocytic syndromes: a systematic scoping review. Ann Hematol.
2017,96(8):1241-51.

Hall J, Rosen A. Type | interferons: crucial participants in disease amplifica-
tion in autoimmunity. Nat Rev Rheumatol. 2010;6:40-9.

D’Angelo DM, Di Filippo P, Breda L, Chiarelli F. Type | Interferonopathies in
Children: An Overview. Front Pediatr. 2021. https://doi.org/10.3389/fped.
2021.631329.

Volpi S, Picco P, Caorsi R, et al. Type | interferonopathies in pediatric
rheumatology. Pediatr Rheumatol. 2016.https://doi.org/10.1186/
$12969-016-0094-4

Chung H, Green PH, Wang TC, Kong XF. Interferon-driven immune dys-
regulation in Down syndrome: a review of the evidence. J Inflamm Res.
2021;14:5187-200.

Lazea C, Blag C. Hemophagocytic Lymphohistiocytosis Secondary to
Mycoplasma Pneumoniae Infection in a Trisomy 21 girl. Revista Romana
de Medicina de Laborator. 2018;26:113-7.

Kim-Hellmuth S, Hermann M, et al. SARS-CoV-2 triggering severe acute
respiratory distress syndrome and secondary Hemophagocytic Lympho-
histiocytosis in a 3-year-old child with Down syndrome. J Pediatric Infect
Dis Soc. 2021;10:543-6.

Nair MP, Schwartz SA. Association of decreased T-cell-mediated natural
cytotoxicity and interferon production in Down'’s syndrome. Clin Immu-
nol Immunopathol. 1984;33(3):412-24.

Ugazio AG, Maccario R, Notarangelo LD, Burgio GR. Immunology of Down
syndrome: a review. Am J Med Genet Suppl. 1990;7:204-12.

Cossarizza A, Monti D, Montagnani G, Ortolani C, Masi M, Zannotti M,
Franceschi C. Precocious aging of the immune system in Down syn-
drome: alteration of B lymphocytes, T-lymphocyte subsets, and cells with
natural killer markers. Am J Med Genet Suppl. 1990;7:213-8.

Tuttle KD, Waugh KA, Araya P, et al. JAKT Inhibition Blocks Lethal Immune
Hypersensitivity in a Mouse Model of Down Syndrome. Cell Rep.
2020.https://doi.org/10.1016/j.celrep.2020.108407

Pachlopnik Schmid J, Ho CH, Chrétien F, et al. Neutralization of IFN-
gamma defeats haemophagocytosis in LCMV-infected perforin- and
Rab27a-deficient mice. EMBO Mol Med. 2009;1(2):112-24.

Maschalidi S, Sepulveda FE, Garrigue A, et al. Therapeutic effect of JAK1/2
blockade on the manifestations of hemophagocytic lymphohistiocytosis
in mice. Blood. 2016;128:60-71.


https://doi.org/10.1101/2022.02.03.478982
https://doi.org/10.1101/2022.02.03.478982
https://www.fda.gov
https://doi.org/10.3389/fped.2021.631329
https://doi.org/10.3389/fped.2021.631329
https://doi.org/10.1186/s12969-016-0094-4
https://doi.org/10.1186/s12969-016-0094-4
https://doi.org/10.1016/j.celrep.2020.108407

Guild et al. Pediatric Rheumatology

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

(2022) 20:104

Das R, Guan P, Sprague L, et al. Janus kinase inhibition lessens inflam-
mation and ameliorates disease in murine models of hemophagocytic
lymphohistiocytosis. Blood. 2016;127:1666-75.

Locatelli F, Jordan MB, Allen C, Cesaro S, Rizzari C, Rao A, Degar B,
Garrington TP, Sevilla J, Putti M-C, et al. Emapalumab in children

with primary hemophagocytic lymphohistiocytosis. N Engl J Med.
2020;382(19):1811-22.

De Benedetti F, Grom A, Bracaglia C, et al. Macrophage Activation
Syndrome (MAS) in Systemic Juvenile Idiopathic Arthritis (sJIA): Treat-
ment with Emapalumab, an Anti-Interferon Gamma (IFNy) Monoclonal
Antibody. Blood. 2021;138:2058.

Gabr JB, Liu E, Mian S, Pillittere J, Bonilla E, Banki K, Perl A. Successful treat-
ment of secondary macrophage activation syndrome with emapalumab
in a patient with newly diagnosed adult-onset Still's disease: case report
and review of the literature. Ann Transl Med. 2020;8(14):887.

Lounder DT, Bin Q, de Min C, Jordan MB. Treatment of refractory
hemophagocytic lymphohistiocytosis with emapalumab despite severe
concurrent infections. Blood Adv. 2019;3(1):47-50.

Swedish Orphan Biovitrum. Evaluate Efficacy, Safety and Tolerability,
PKand PD of Emapalumab in Children and Adults with MAS in Still's or
SLE. Identifier NCT05001737. https://clinicaltrials.gov/ct2/show/NCT05
001737. Accessed 2 Feb 2022.

Zhang Q, Wei A, Ma HH, Zhang L, Lian HY, Wang D, Zhao YZ, Cui L, Li WJ,
Yang Y, Wang TV, Li ZG, Zhang R. A pilot study of ruxolitinib as a front-line
therapy for 12 children with secondary hemophagocytic lymphohistiocy-
tosis. Haematologica. 2021;106(7):1892-901.

Sin JH, Zangardi ML. Ruxolitinib for secondary hemophagocytic
lymphohistiocytosis: First case report. Hematol Oncol Stem Cell Ther.
2019;12(3):166-70.

Wang J, Wang Y, Wu L, Wang X, Jin Z, Gao Z, Wang Z. Ruxolitinib for refrac-
tory/relapsed hemophagocytic lymphohistiocytosis. Haematologica.
2020;105(5):e210-2.

Keenan C, Nichols KE, Albeituni S. Use of the JAK inhibitor Ruxolitinib in
the treatment of Hemophagocytic Lymphohistiocytosis. Front Immunol.
2021;16(12):614704.

Broglie L, Pommert L, Rao S, et al. Ruxolitinib for treatment of refractory
hemophagocytic lymphohistiocytosis. Blood Adv. 2017;1:1533-6.
Montealegre Sanchez GA, Reinhardt A, Ramsey S, et al. JAK1/2 inhibition
with baricitinib in the treatment of autoinflammatory interferonopathies.
JClin Invest. 2018;128(7):3041-52.

Rachubinski AL, Enriquez-Estrada B, Norris D, Dunnick CA, Boldrick JC,
Espinosa JM. JAK inhibition in Down syndrome: two cases of therapeutic
benefit for alopecia reata. JAAD Case Rep. 2019;5:365-7.

University of Colorado, Denver. Tofacitinib for Immune Skin Conditions in
Down Syndrome. Identifier NCT04246372. 2020 https://clinicaltrials.gov/
ct2/show/record/NCT04246372. Accessed 2 Feb 2022.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 7 of 7

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://clinicaltrials.gov/ct2/show/NCT05001737
https://clinicaltrials.gov/ct2/show/NCT05001737
https://clinicaltrials.gov/ct2/show/record/NCT04246372
https://clinicaltrials.gov/ct2/show/record/NCT04246372

	Hemophagocytic lymphohistocytosis in trisomy 21: successful treatment with interferon inhibition
	Abstract 
	Background: 
	Case presentation: 
	Conclusion: 

	Background
	Case presentations
	Case 1
	Case 2

	Discussion
	Conclusion
	Acknowledgements
	References


