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CASE REPORT

First report of SAVI syndrome in Panama due to a variant of the STING1 gene in patient
with emphysema and idiopathic pulmonary fibrosis
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Abstract

Introduction: The STING gene (Stimulator of Interferon Genes) emerges as a key element in the understanding and management of
hyperinflammation and autoimmune conditions. Case: We report an adolescent patient with a history of asthma since early child-
hood, who after a SARS-CoV-2 infection, presented an exacerbation of respiratory symptoms, detecting emphysema, bronchiectasis
and pulmonary fibrosis and in whom a pathogenic variant with gain of function of the STING gene was detected, allowing the diag-
nosis of SAVI (Sting-Associated Vasculopathy with onset in Infancy), which is the first case reported in Panama. Conclusions: JAK pro-
tein inhibitors and other innovative strategies constitute a therapeutic option in these cases, as well as other innovative strategies still
under development, in which interferon inhibitors such as Zeatin, a cytokinin present in plants, as well as other natural products, may

play a role.

Case Report

This is the first child of non-consanguineous parents of his-
panic origin, with no relevant family history of pathology and a
history of normal pregnancy and delivery. During the first year
of life he started with episodes of bronchial hyperreactivity
managed as asthma requiring frequent hospitalizations. These
episodes continued to occur 2 to 3 times per year during child-
hood and adolescence. Neither her parents nor her two sib-
lings have a history of asthma or allergies. At 15 years of age,

after SARS-CoV-2 infection, the frequency and severity of crises
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increased. Simple spirometry and post bronchodilator was in-
dicated and resulted in severe obstruction with non-significant
bronchodilator testing. A chest CT scan was performed, which
revealed central acinar pulmonary emphysema, bronchiectasis
in the basal middle segment of the lower lobe of the left lung,
traces of fibrosis in both lung bases, predominantly on the left,
and a "ground-glass lung" image (Figure 1). Bronchoscopy
with bronchoalveolar lavage was performed and was nega-
tive for microorganisms. Laboratory tests with results of total
IgE 1,825 IU/ml, specific IgE panel for aeroallergens was nega-
tive. ANA (antinuclear antibodies) was negative as well as
anti-cytoplasmic antibodies anti myeloperoxidase (MPO) and

anti proteinase 3 (PR3).

These findings of structural alterations of severe emphysema
and obstructive pulmonary function pattern, drew the atten-
tion of her treating physician, who suggested the need for a
genetic study, considering among the differential diagnoses al-
pha-1 antitrypsin deficiency and cystic fibrosis. Molecular
TestsA Whole Genome Sequencing (WGS) study with Multi-
omics Analysis (Centogenome ® MOx 1. 0) was performed at
Centogene. The procedure included fragmentation of genomic
DNA enzymatically and tagging with Illlumina-compatible

adapter sequences. Libraries were sequenced from both ends
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Figure 1. Images of the toraxic CAT.
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Chest CT images in our patient with LVAS. Note (A)
centrolobulillar emphysema, (B) bronchiectasis towards lingula
segments and left lower lobe (C) pleuroparenchymal fibrous
traces predominantly on the left side.
(paired-end) on an Illumina platform to generate an average
coverage depth of ~ 30x. A bioinformatics process based on II-
lumina's DRAGEN process as well as CENTOGENE's in-house
bioinformatics process was applied. Reads were aligned to the

Genome Reference Consortium Human Build 37 (GRCh37/

hg19) genome assembly, as well as to the revised Cambridge
Reference Sequence (rCRS) of human mitochondrial DNA
(NC_012920). Sequence variants (SNVs/indels) and copy num-
ber variants (CNVs) were called using the DRAGEN algorithm,
Manta and proper. All variants with a minority allele frequency
(MAF) of less than 1% in the gnomAD database, and disease-
causing variants reported in HGMD®, ClinVar or the CENTO-
GENE Biodatabank were evaluated. Although the evaluation
focused on coding exons and flanking intronic regions, the en-
tire gene was interrogated for candidate variants with a plausi-
ble association with phenotype. All potential inheritance mode

patterns were considered.

RESULTS

A variant c. 463G>A p. (Val155Met) was detected in the STING1
gene in the heterozygous state. This variant causes an amino
acid change from Val to Met (valine to methionine) at position
155 (Table 1). According to HGMD Professional 2022. 4, this
variant has been previously described as disease-associated for
STING-associated Vasculopathy with onset in Infancy (SAVI). In
ClinVar this variant is listed (Interpretation: Pathogenic; Varia-
tion ID: 143862) and is classified as pathogenic (class 1) accord-
ing to CENTOGENE and ACMG recommendations.

Taking into account the mutation found in the STING gene and
the findings of inflammatory markers in patients with this mu-
tation described by Liu et al [1] and Jeremiah et al [2], we per-
formed other relevant analyses, finding elevated erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP) and rheuma-
toid factor (Table 2), while Complement C3 and C4 were nor-

mal and ANA-HEP-2 was repeated and was negative.

DISCUSSION

Innate immunity is a very primitive cellular defense mechanism, in
fact, the oldest that exists and is found to some extent in all
species [3]. It is part of the organism's first line of defense and is re-
sponsible for mediating the body's response to infections by
different pathogens such as viruses and bacteria, as well as com-
bating tumor cells. On the other hand, it is also involved in the ac-

tivation and modulation of acquired or cellular immunity [4,5].

The activation of these defense mechanisms is carried out by
processes that are part of the signal transduction system,

which consists of a set of inter- and intracellular communica-
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Table 1. Findings from Whole Genome Sequencing with Multiomics Analysis 1.0 study on STING1 gene

variant.
Reference ID | Change in Identifier | Cygosity In Silico Allelic Type and
Amino acid SNP Parameter frequency | classification***
NM_198282.3 | c.463G>A N/A Heterocygote PolyPhen: gnomAD: Change of
p.(Val155Met) Probably 0.0000040 | sense
pathogenic. Pathogenic
ESP: - (class 1)
Align-GVDG: CO | 1000
SIFT: pathogenic | G:
0.0000040
MutationTaster:
pathogenic CentoMD:
Conservation_nt:
moderate
Conservation aa:
hight

OTFA-based variant annotation (using VEP v94). * AlignGVD: CO: least likely to interfere with function, C65: most likely to interfere
with function; splicing predictors: Ada and RF scores. ** Genome Aggregation Database (gnomAD), Exome Sequencing Project
(ESP), 1000Genomes Project (1000G) and CentoMD® (latest version available). *** based on ACMG recommendations.

Table 2. Inflammatory markers present in the patient
with pathogenic variant in the STING1 gene.

Marcadores

. . Valor
inflamatorios
VES increased
Reactive C Protein increased
Rheumatoid factor increased
ANA HEP-2 negative
C3 & C4 Complement normal

tion tools and pathways involving different proteins and other
substances of the organism that act sequentially, turning on
and off briefly to transmit a signal. These pathways can interact
with each other by means of common elements and very fre-
quently have as their final destination the cell nucleus, with the
purpose of provoking the expression of genes, in which the

proteins that these encode constitute the desired response [6].

The STING1 gene, officially named Stimulator of Interferon re-
sponse cGAMP interactor 1, whose acronym stands for "STimu-
lator of Interferon Genes', also known by several names,
including TMEM173 gene (TransMEMbrane protein 173 gene),
has 8 exons, is located at 5g31. 2 and produces a protein of the
same name consisting of 379 amino acids. It is a protein of the
Endoplasmic Reticulum that has 5 transmembrane domains

and when activated it interacts structurally with other compo-

nents of the system, such as Cyclic Guanosine Monophos-
phate-Adenosine Monophosphate (cGAMP) or Cyclic Dinu-
cleotides (CDN - Cyclic Dinucleotides) and cGAMP Synthase
(cGAS) [giving rise to the cGAS-STING pathway] (Figure 2), being
able to respond to stimuli that include the presence of nucleic
acids from bacteria, RNA viruses, DNA viruses, tumor cells or
DNA from the cell itself (in the case of normal dying cells un-

dergoing replacement) or from mitochondrial DNA.

Upon activation, STING relocalizes in the Golgi Apparatus, forms
oligomers and triggers in turn the activation of other proteins in
cascade until it reaches the nucleus and transcribes interferon
genes [7,8]. Interferons constitute a group of molecules includ-
ing proinflammatory agents such as cytokines and tumor necro-
sis factor (TNF) that are capable of attacking and hindering the
reproduction of infectious agents, among other effects, thus
protecting the organism. This type of stimulus mentioned for
STING is due to the fact that double-stranded DNA should not
normally be found in the cytoplasm of cells. When these
pathogens invade cells, they carry with them their DNA or RNA
(which can be translated into DNA, in the case of some viruses).
The molecular detection mechanisms of double-stranded DNA
are sensors that act in the cytoplasm, and are able to initiate a
cascade of stereotyped events when they receive an appropriate

stimulus, as part of this innate immunity.
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Figure 2. Schematic of the cGAS-STING signal transduction pathway.
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Schematic of the cGAS-STING signal transduction pathway, showing the different ways of STING activation and its ultimate fate in
the cell nucleus to activate transcription of IFN-1 interferon genes. Source:Taken from Zhang J, Zhang L, Chen Y, Fang X, Li B and
Mo C (2023) The role of cGAS-STING signaling in pulmonary fibrosis and its therapeutic potential. Front. Immunol. 14:1273248.
doi: 10.3389/fimmu.2023.1273248 (CC-BY License).
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Figure 3. Images of skin lesions on lower extremities.

Images of skin lesions on both lower extremities. A) and B) show the violaceous cutaneous outbreak associated with edema and
pain considered in this case as part of the manifestations of SAVI.

Genes encode or have in their information the design for the
cell to manufacture mainly proteins, which we could compare
to molecular machines or workers at the cellular level. When
genes undergo mutations, the result can be proteins with loss
of function or proteins with gain of function [9]. In the case of
our patient, the mutation of the STING protein gene is of the
latter type, causing it to remain constantly active, without a
specific stimulus, without shutting down as it normally should,
or responding disproportionately to a particular stimulus. This
causes the pathway that stimulates the production of interfer-
ons to remain unusually active, resulting in hyperinflammation,
as if the body were under constant attack by pathogens that
produce these responses, thus triggering a set of signs and
symptoms that are part of the SAVI syndrome (STING-Associ-
ated Vasculopathy with onset in Infancy, or STING-associated
Vasculopathy with onset in Infancy), a disorder with autosomal
dominant inheritance. However, most of the reported cases

correspond to de novo mutations. Because interferon genes

are involved, it is part of the so-called Interferonopathies.
These constitute a group of Mendelian disorders characterized
by mutation of genes involved in IFN type I (Interferon type I)
signaling. A classic example, and one of the most clearly recog-
nized entities to be part of this group of disorders is the
Aicardi-Goutieres Syndrome, initially known as Pseudo-TORCH,
because its complex manifestations mimicked those caused by
these pathogens, due to the mechanisms triggered by the mu-

tations present [10].

The clinical findings of SAVI Syndrome are variable and in-
clude, among the main ones, cutaneous manifestations, persis-
tent systemic inflammation and interstitial lung disease. Other
findings include failure to thrive, poor growth, nasal septal per-
forations (in some patients), vasculitis (mainly of the capillar-
ies), recurrent respiratory infections, pulmonary fibrosis,
macrophage alveolitis, brochiectasis, follicular hyperplasia,

joint stiffness and arthralgias; other skeletal manifestations in-
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clude amputations resulting from distal necrosis in the hands
and feet. There may be muscular manifestations such as myal-
gia or myositis. Cutaneous manifestations may include ulcera-
tions, pustules, plaques and distal violaceous nodules,
erythema in the malar region or other areas, telangiectasias,
scar formation, necrosis leading to amputation, livedo reticu-

laris, Raynaud's phenomenon.

Nail manifestations include nail dystrophy and loss, as well as
capillary tortuosity in the nail fold. Patients may present with
fever, anemia and thrombocytosis and on the immunologic
side patients may present with hypergammaglobulinemia, de-
creased T-cells, recurrent infections, autoantibodies, and a hy-
perinflammatory state with increased C-reactive protein and
erythrocyte sedimentation rate (ESR) as mentioned above [11].
The symptomatic variability observed also includes varying de-
grees of severity and would be related to the type of mutation
present, but to date there are no studies of precise genotypic-

phenotypic correlations.

In our patient, who is the first case reported to date in the Re-
public of Panama, the V155M mutation and its manifestations
are very similar to those of the patients presented by Jeremiah
et al [2], with a predominance of systemic inflammatory mani-
festations similar to lupus (Lupus-like) and bronchopulmonary
manifestations. More recently, the patient presented a cuta-
neous picture of violaceous lesions associated with edema and
pain in the distal part of both legs, ankles and proximal area of
the feet, which was managed with hydration, corticosteroids
and analgesics, resolving within 5 days, in which a viral or bac-
terial etiology was ruled out. This event had elevated fibrino-
gen values (496 mg/dl) and we consider it to be part of the

group of SAVI manifestations (see Figure 3).

We would like to point out that our patient had a relatively sta-
ble clinical behavior, with asthmatic asthma, from his first year of
life until adolescence. After a COVID-19 episode, he began to
present more severe and frequent respiratory symptoms, which
led to a more exhaustive evaluation with subsequent findings.
This would be related to STING hyperactivation caused by the
mutation and triggered by SARS CoV-2 viral infection.

V155M is the most frequently reported mutation [12,13]. Oth-
ers are G166E, N154S, V147M, V1471, C206Y, R284G, R281Q,

S102P-F279L, most affecting the cyclic dinucleotide binding
domain (CDN) and dimerization function of STING [14]. The
STING gene is expressed in almost all tissues and is highest in
the lungs, bronchi, palatine tonsils, lymph nodes, endothelial
(capillary) cells and spleen. This predominance of expression at
the pulmonary level would explain the reason for the predomi-

nance in all patients of manifestations in this system.

This gene also has a genetic polymorphism in the different
populations and the variability observed would have to do
with the structural alleles expressed in the patients, both in the
mutated gene and in the allele of its genotypic complement
[8]. It is now known that altered STING function by various
mechanisms would be involved in the pathophysiology of
common autoimmune diseases such as Systemic Lupus Ery-
thematosus (SLE), rheumatic fever, psoriasis, as well as in other
clinical situations such as amyotrophic lateral sclerosis, diabetic
cardiomyopathy and nephropathy, non-alcoholic fatty liver dis-
ease, Irritable Bowel Syndrome (IBS) and chronic pain among
others, diabetic cardiomyopathy and diabetic nephropathy,
non-alcoholic fatty liver disease, Irritable Bowel Syndrome (IBS)
and in chronic pain among others, and STING is being evalu-
ated as a therapeutic target through the development of spe-

cific molecules to regulate its function [8].

In the case of patients with SAVI Syndrome, conventional treat-
ments such as corticosteroids, anti-TNF (Tumor Necrosis Factor),
intravenous immunoglobulin and anti-CD20, have proven to be
very ineffective or ineffective. In contrast, the use of JAK (Janus
Kinase, Janus Kinase) protein inhibitors or Jakinibs, specifically
JAK 1/2 inhibitors, Ruxolitinib, and JAK 1/3 inhibitors, Tofacitinib,

have been reported as effective treatments.

The JAK protein, with its four subtypes, is a family of proteins
that act in association with cytokine receptors such as Inter-
leukins and is part of the JAK-STAT pathway, so the efficacy of
these inhibitors has to do with the ability to prevent the excess
of cytokines produced by the activation of interferon genes
produced by STING from taking effect. Although these in-
hibitors cannot reverse the structural lung changes, they have
been shown to improve respiratory symptoms and prevent the
progression of lung damage. In addition, these inhibitors pro-
duce significant relief of cutaneous manifestations and a regu-

larization of systemic inflammatory activity [12,14,15].
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When studying the cGAS-STING pathway, several points of inter-
vention by specific compounds that can inhibit it have been
identified and are still under study, such as inhibitors of the
cGAS catalytic site, cGAS catalytic site inhibitors, cGAS-DNA
binding disruptors, competitive inhibitors of the cyclic dinu-
cleotide binding site (CDN binding site) and STING binding dis-
ruptors, the disruptors of DNA binding to cGAS, competitive
inhibitors of the cyclic dinucleotide binding site (CDN binding
site) and disruptors of STING binding to the membrane of the

endoplasmic reticulum, known as palmitoylation sites [17].

After proving the suppressive effect of Zeatin, present in sig-
nificant quantities in Moringa oleifera, which is capable of sup-
pressing the production of interferons in T lymphocytes [16],
this cytokinin, a hormonal product present in plants, could be

an important ally in this management.

Other natural products that due to their proven mechanism of
action on the STING pathway could be used are Panax ginseng

and Radix Pseudostellariae [17] .
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