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Abstract

Ehlers—Danlos syndrome (EDS) is a group of related connective tissue disorders consisting of 13 subtypes, each with its own
unique phenotypic and genetic variation. The overlap of symptoms and multitude of EDS variations makes it difficult for
patients to achieve a diagnosis early in the course of their disease. The most common form, hypermobile type EDS (hEDS)
and its variant, hypermobile spectrum disorder (HSD), are correlated with rheumatologic and inflammatory conditions.
Evidence is still needed to determine the pathophysiology of hEDS; however, the association among these conditions and
their prevalence in hEDS/HSD may be explained through consideration of persistent chronic inflammation contributing to a
disruption of the connective tissue. Aberrant mast cell activation has been shown to play a role in disruption of connective
tissue integrity through activity of its mediators including histamine and tryptase which affects multiple organ systems result-
ing in mast cell activation disorders (MCAD). The overlap of findings associated with MCAD and the immune-mediated and
rheumatologic conditions in patients with hREDS/HSD may provide an explanation for the relationship among these conditions
and the presence of chronic inflammatory processes in these patients. It is clear that a multidisciplinary approach is required
for the treatment of patients with EDS. However, it is also important for clinicians to consider the summarized symptoms
and MCAD-associated characteristics in patients with multiple complaints as possible manifestations of connective tissue
disorders, in order to potentially aid in establishing an early diagnosis of EDS.

Keywords Mast cell activation disorder - Mast cell - Joint hypermobility - Ehlers—danlos syndrome - Primary
immunodeficiency disease - Allergy - Histamine - Tryptase - Immunology - Rheumatic disease - Musculoskeletal disease

Introduction characteristically defined by the combination of the follow-
ing three criteria:

Ehlers—Danlos syndromes (EDS), a heterogenous group of

connective tissue disorders (CTD), are characterized by joint 1) Generalized joint hypermobility (Beighton score)

hypermobility, skin hyperextensibility, and tissue fragility =~ 2) Combination of any two or more features including sys-

[1]. Of the 13 subtypes of EDS that have been described, temic manifestations, family history, or musculoskeletal
hypermobile EDS (hEDS) is the most common, and as complications and

opposed to the twelve other EDS subtypes, hEDS lacks  3) The absence of exclusion criteria (Supplemental
confirmatory laboratory/molecular tests [2]. hEDS and the Tables 1,2,3) [1].

hEDS variant, hypermobility spectrum disorder (HSD) are
Common systemic features of hEDS include rheumato-
logical manifestations, such as joint instability, arthralgia,
myalgia, soft tissue injuries, and arthritis [3]. Additionally,
recent studies have reported an increase in the prevalence
of immune-mediated disorders such as rhinitis, asthma,
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between hEDS/HSD and immune-mediated disorders may
be explained by recurrent or chronic release of mast cell
(MC)-derived factors. MCs have shown to contribute to bar-
rier function and homeostasis within the connective tissue
of multiple organ systems and are native to the epithelium
of the gastrointestinal, urogenital and respiratory tracts,
among others [17, 18]. While MCs are normally under tight
regulation, aberrant immune activation of these cells results
in mast cell activation disorders (MCAD) [17, 18]. Due to
the intertwined relationship between MC and connective
tissue, shared clinical features between MCAD and hEDS/
HSD have been described in the literature [9, 19-21]. To that
end, the objective of this review is to identify shared clinical
features between EDS and MCAD- or MC-related condi-
tions to establish a potential relationship. As both of these
disorders are systemic conditions with multifactorial mani-
festations, understanding and recognizing the relationship
between the two conditions may allow providers to identify
and treat these cohorts of patients sooner.

Mast cells and mast cell activation disorders

MCs develop in the bone marrow and continue to mature at
their site of residence in the connective tissue through the
interaction of Kit tyrosine kinase receptor on MC surfaces
with stem cell factor [18, 22]. While the exact mechanism of
action of MC is out of the scope of this review, it is impor-
tant to note that MC express a multitude of receptors such
as high-affinity IgE and low-affinity IgG receptors, comple-
ment receptors, and toll-like receptors [17, 18, 22-24]. Upon
the binding of these various receptors to their target, MCs
release preformed granule mediators such as histamine, pro-
tease, as well as lipid mediators such as prostaglandins and
leukotrienes [17, 18, 23, 24]. These mediators are able to
carry out a variety of responses such as vasodilation, inter-
actions with nerves, and facilitation of cellular chemotaxis
[17, 23, 24].

While normally under tight molecular control, aberrant
release of these preformed granules may result in MCAD.
MCAD is characterized by recurrent episodes of the release
of MC mediators which may occur in any organ system
[18, 25]. Due to the various locations and receptors of MC,
signs and symptoms of MCAD are diverse and may include
irritable bowel symptoms; recurrent flushing, urticaria,
and pruritus; cardiac arrhythmias and episodic hypoten-
sion; neuropsychiatric disorders; genitourinary conditions;
rheumatological manifestations; and anaphylaxis [17,
26]. Mast cell activation syndrome (MCAS), a subtype of
MCAD, should be considered in patients who experience
recurrent or chronic episodes of MC activation in two or
more organ systems, respond to treatment that combats MC-
derived mediators or prevents MC degranulation, and have

@ Springer

symptoms consistent with increased validated MC-derived
mediators [27].

Irregular MC-mediated release may result from intrin-
sic defects including mutations in the c-kit gene or asso-
ciated signaling pathways as well as multiplication of a
MC specific protease subunit encoding alpha tryptase [17,
18]. Interestingly, factors external to the MC account for
most MCAD [17]. In addition to the allergen-specific IgE
driven diseases, there are immunologic and nonimmuno-
logic syndromes that can drive MC activation. Recurrent
or chronic release of MC-derived factors, including proin-
flammatory molecules, growth factors, and proteases, has
been linked by several studies to heritable CTD like hEDS
and HSD [9, 19, 21, 28]. The potential connection between
hEDS/HSD and MC-related disorders may be explained
by the presence of MC mediators, especially tryptase and
histamine which have been found to promote proliferation
of fibroblasts and production of collagen [28]. In 2014, it
was found that familial hypertryptasemia may be associated
with MCAS and was described in 9 families with an auto-
somal dominant inheritance pattern of elevated basal serum
tryptase levels and MCAS. symptoms [22]. Furthermore,
in 2016, the same group identified germline mutations in
the gene that encodes alpha-tryptase, TPSABI that led to
increases in basal serum tryptase levels in 35 families pre-
senting with MCAS-related complaints [29]. Of the total 96
patients identified with this mutation, 28% had joint hyper-
mobility, a twofold increase when compared to incidence in
the general population, thus indicating a possible correlation
between hypermobile syndromes and MC-related disorders
[29]. Another potential link may be explained in the reported
triad of postural tachycardia syndrome (POTS), EDS, and
MCAD, in which 46% of the population with the genetic
mutation in TPSABI exhibited orthostatic intolerance [29].
However, the connection among these three conditions has
been debated in the literature [30].

MCAD-related disorders and hEDS/HSD

An association between EDS/HSD and MC-related disorders
has been highlighted in the literature through prevalent find-
ings of MC-related diseases in EDS/HSD patients (Fig. 1;
Table 1) [9, 19-21]. A carefully obtained history in patients
with the following described conditions and symptoms sup-
porting MCAD- or MC-related etiology should be obtained
in order to establish a potential EDS/HSD diagnosis.

Headaches
Headache has been shown to be prevalent in hEDS/HSD

patients when compared to controls [20, 31-34]. In a study
by Song et al., 67% of hEDS patients reported symptoms of
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Fig.1 Aberrant mast cell (MC) activation can produce inflamma-
tory changes at the connective tissue level leading to dysfunction
in multiple organ systems. In peripheral nerves, MC can localize to
epineurium, perineurium, and endoneurium and release mediators
which may activate nociceptors producing symptoms such as periph-
eral neuropathy and headache (a). MC-mediated upregulation of
cytokines can lead to dysfunctional fibroblast proliferation in nasal
and bronchial tissue leading to rhinitis and sinusitis (b). MC-induced
TGFB upregulation and localization within bronchial smooth muscle
cells can cause modification of matrix proteins of bronchial paren-
chyma contributing to tissue damage and Asthma (c). MC-induced

headache [20]. While the relationship between headaches
and hEDS/HSD patients found in this study may be due to
multifactorial etiologies associated with hREDS/HSD such as
craniocervical junction instability, ttemporomandibular joint
instability, and dysautonomia, MC-related diseases should
be a consideration [20, 31-34]. Mediators of MC may acti-
vate the trigeminal pathway which, when prolonged, can
cause intracranial headaches [35]. This may explain why
Song et al. found that 95% of patients with both hEDS and
MCAD also had headaches [20].

Peripheral neuropathy
Peripheral neuropathies have been associated with EDS/

HSD [13-15]. In a study done in 2016, 95% of EDS
patients reported neuropathic pain and 100% of patients

Collagen formation

Fibroblast proliferaiton

.
B

MC bronchial smooth
muscle localization

|

Asthma

(©

Rhinitis, sinusitis, bronchial
hypersensitivity

TGFB upregulation in esophageal tissue can cause proliferation and
smooth muscle contraction contributing to eosinophilic esophagitis
symptoms (d). When MCs are localized to connective tissues, they
can cause microenvironmental changes to the extracellular matrix,
inducing IgE medicated autoreactivity and contributing to rheumato-
logic conditions such as rheumatoid arthritis and systemic lupus ery-
thematosus (e). MC-induced changes may contribute to laxity within
blood vessels, causing pooling of the blood in extremities, contribut-
ing to postural tachycardia syndrome (POTS) in which patients expe-
rience increase of heart rate with standing, a finding commonly asso-
ciated with hEDS (f)

showed a decrease in intraepidermal nerve fiber den-
sity [14]. In a later study, it was identified that of the 37
hEDS patients studied, 97% reported chronic pain, with
neuropathic pain being the most common complaint
[13]. Causes of peripheral neuropathy in hEDS/HSD have
been explained by presence of ligament and capsular lax-
ity resulting in abnormal pressure on peripheral nerves,
or genetic factors involving deficiency of TNXB or col-
lagen I, II, and V in the connective tissue of peripheral
nerves [15, 36]. Nevertheless, MC-related disorders as an
etiology of peripheral neuropathy in EDS patients can-
not be ruled out. In peripheral nerves, MCs are located
in the epineurium, perineurium, and endoneurium [37].
Chronic degranulation may result in nerve injury [37,
38]. Furthermore, MCs have been implicated in the acti-
vation of nociceptors in nerve endings [37, 38]. Future

@ Springer



Immunologic Research (2022) 70:419-431

422

qeWNZI[BWO YIIM PIjeaI) A[[nJSsaoons eLIed
-13In O1310UaIpe Jo K103SIY Yim Juaned Sy
BLIBOI)IN J[qIONpul
s syuasord STOd ‘SVOIN ‘SAH WA Id
uonjerndod
[eI0UAS Q) UI 9UALINID0-00 WOPURI 0}
paredwos syuaned SOF ur erreonan orgjedo
-IpI JO 9oua[eAdxd UT 9SBIOUT JUBOYIUSIS

orypyed
-o1nau 3uraq ured jo adA) uowrwos jsowr
Ay s ured OTUOIYD 919A3S partodar 9/6

AyredonouAjod [euoxe pey

%€ “OSuUds UONBIQIA UI UOTIONPAI PBY %09
‘SSUYBAM 9[OSNUI 9)RISPOW-0)-P[IW PeY %G8

Kyisuop 2a1ou [eurraprdoenur

ur 9sea109p © pey syuaned g (v ured
orgyedornau pajrodar syuaned (g Jo o 6]

soureIgIw

Im s[onuod o} paredwos jasuo jo a3e

1911IR9 pue swoydwAs ayoepeay juonbaiy
Qrow Apueoyrudis pey syuaned SqIU/ASH
Jyoepeay pawtodar syuaned SAq %81

ayoepeay pojrodar

swaned vy %91 ‘Oyoepeay pajiodar A
%9/ ‘oyoepeay partodar syuoned SAHY %€

ad£) ayoepeay

UOWIWIOD JSOW Y} SeMm (%¢g) dureI3iu

“asop) Jo ‘ured yoou 1o ayoepeay payiodar
s1opiosIp ANiqowradAy yim syuaned Jo %99

up[s pagewepun I3y Ur ][0 Isew AanIsod

9SBWAYD Jo AJIsuap JYSIY & pey JopIosIp
9NSSI} QATIOAUUOD JO SUSIS YIIM Sjuaned

10p

-IOSIP [[99 ISeW © JO 9ANsa33ns swoydwAs
pey SO Pue SLOd Yia siuened Jo %99

sisouSerp SYOIN pey siuened SAH %+¢
uonendod
[eIoUS AU} UI 9OULTINII0-0D WOPUEI O}
paredwod syuaned gy ur eueonan syjedo
-1p1 Jo @ouaeAdld ur oseaIour JueoyrusIs

yuened Saq

ened Sad

rendsoy
K)ISIOATUN € JE S)IReyd Juaned ol g <

suoned SAAY L€

syusned SAd Ot

SAHY/dSH Ppia synpe g

S[OTIUO0D JUIBISTWI 9Q 1M PAydIew
souteISTw (im syuaned SAHU/ASH €€
siuwaned SAH 05T

SOLIY}IE pIojewunayl

s syuaned g9 pue eidreAwoIqy yirm
syuaned g9 0y paredwoo sjuened SAHY 7L

s1opiosip AiqowradAy ypim syuened O]
SuSIs 9s9Y) INOYIIM
sjuoned g pUEB SIOPIOSIP ANSST) QANIOAU
-u09 jo suSrs [eordKjouayd yym syuaned 71

Sad

pue S1.0d jo sisouSerp yym syuaned G|
OIUI[S uoneIIqeyal

pue aurorpaur [eorsAyd e 1e syuened ST 86

rendsoy
KISI9ATUN B T8 S1IRYd Juaned uorfiu g <

110da1 ase)

j10dor ase)

SOLIOS 9SBO 9A1I0dSONAY

SOLIOS 9sed aandadsold

SOLISS 958D ®>ﬁooamo.~m

SOLIOS 258D aAT)oads0Ig

Apms [0nu02—9sed aAndadsord
arreuuonsang)

SOLISS 9sed ®>ﬁowmmpﬂ®m

SOLIOS 9S8O 9ATI0dSONOY

[onu0o—ased aandadsold

SOLISS ISeD O>ﬁO®QmOb®N~

SOLISS 95O 2Andadsonoy

SOLIOS 9sed 2Andadsonay

(8107) ereauryoes

(8107) dm1219

(6107) DIsmarezs

(6107) ueistuog

(6007) SUBWIDOA

(9107) o1ez7R)

(S102) ePP3Ind
(1107) pueeeN

(0107) MequIoy

(0207) enoyreN

(1107) euIszn]

($1027) Sunayd

(0Z07) Suos

(6107) DIsmarezs

BLIBONI()

saryredoinau [eroydrrog

soyoepeay

JIOPIOSIP UOTIBATIOR [[99 ISBIA

sguIpury

sjuedronred

adKy Apms

Joyine Is11y

JIoposiq

suaned QSH/SAHY Ul SI9PIOSIp pIeI-AVOIN L 3|qeL

pringer

Qs



423

Immunologic Research (2022) 70:419-431

syuoned JO 9,¢°¢¢ UI BOYLIRID
Juonednsuod pue syuaned Jo %6'19 ut ured
[eurwopqe se pajuasard gy jo swoydwAg
SIII[0D QATIRID[N UI PUNoj douafesald
9% 1 pue aseasIi s.uyor) yim sjuaned
ur punoy SAF/SH Jo 2ouareaard %z¢
SII[09
QATIEIOO[N UI 99°¢ PUE ASLISIP S,UY0ID)
ur 97'¢1 2q 0) punoy SAHY JO 9oudeAdld
QSBASIP OBI[AD YIIM
syuoned ur punoj SHY Jo 2ouareaard %8°0¢
ENEN)
JBI[90 Yiim pasouserp sjuened SHY JO %91
uonendod [e1oua3 oy 03 paredwod uaym
JIOPIOSIP dNSST) IATNOAUUOD YIIM sjuoned ut
sniseydosa orrydoursos Jo YSII ploRYSIH
snrsjuaonsed orydoursos yim juened sqg
S[OIIUOD JO %66 PUe WISt Yiim sjuaned
JO 91°0L ul punoj sem AjjrqowtdadAy jutor
s[onuod o) paredwod
syuaned SqH/QSH ur Adoje pue swojdwiAs

sywoned SAHY 1¢

SO0 SATJRIDO[N I sjuaned
8¢ puE SLISIP S, UYoI) Y sjuaned ¢

S[onu0d AyI[eay /9

pue aseasIp [om0q J[qEILLI YIim sjudned ¢

9sBISIp
oe1ad jo stsouserp Arewrid i sjuened ¢

sywoned SAHY 1¢

JIOPIOSIP ANSST) QATIOUUOD B YIIM
snideydosa orrydoursos yim syuanied gf
yuoned Sag

s[onuod (oQ| pue ewse Y syuaned Q|

s[onuod Ayieay

SOLI9S ased aandadsold

[onuod ased D>ﬁ0®&wo.~n~

[01u09—ased dandadsolgd
[01U00—3sed aANdadso1
SOLI9S ased aAndadsold
SOLIaS 958D aAndadsonay
j10dar ase)

[011U00—-3s8d 9ATdads0Ig

(0107) 1103152

(ST0T) 9211

(600¢) stprdnounop
(ST0T) 221

(1707) 9saueq
(€100) eruoqy
(T661) JreiL,

(T107) 1mey-1v

ASBASIP [9M0q
AJ0jewItR U] :SIOPIOSIP [BUNISAUION)SED)

QSBOSIP OBI[Q)) :SIOPIOSIP [EUNSIIUION)SED)

snideydosa
o1rydoursoy :SIopIOSIP [BUNSIUIONSED)

onewy)se Jo soudresald pasearour jueoguSis  [gg ‘swuened sqd 91 ‘siuened SH 921 SOTIOS 9sBD 9ATI0dsOnay (L00Q) uesIoN BWIYISY
£30[03s1Y UO s[onU0d 0} paredwod S[LIqYy
ua3e[[0J JO JUNOWE JuBpUNQR PUB A}ISUIP
paseardul pamoys (JSH s sjuaned SOISNUIS )IM S[ONUOD
Jo smyeow o[pprur woij sorsdorq anssi, 0T pue spsnurs s syuaned SH 0¢ [0TU02—0sEd 9A130ads0Ig (0007) BPnog
SIISNUIS 9I0A9S M Juaned SAAY juoned SAAY 110doy] ase) (6107) Sueyz
spIsnuis Jualndal pey syuened SAH %ST syuoned SAH 0¢ SOLIOS 9sBD 9A10dsonay (S861) sIAY snisnuig
s3urpur sjuedronred adKy Apmsg JOUINE JSIL] IOpIOSI(]

(ponunuoo) | sjqey

pringer

a's



Immunologic Research (2022) 70:419-431

424

MOTADI QINJBI)I] WOIJ PIUTLIGO 1M SAIPNJS "SUONIPUOD IIFO[OIBWNAYI ‘SUOTIIPUOD JIF0[009UAT0IN QSBISIP [oMOQq AJOJBUIWIBHUT ‘QSBISIP JRI[D ‘snISeydoso
orpiydoursoa ‘eunyise ‘spisnuis ‘erreonan ‘saryredomou [eroydued ‘oyoepeay :ojul papIalp sSurpurq ‘syuoned SH/SAHAY Ul U39S SIOPIOSIP PRje[aI-JVIIN SUNBISUOWIP SAIPMIS Jo ATewung

SVOIN JO SISOuSeIp & SUIARY %6 (I

S@d jo sisousderp pey sjuedonted jo %46g
SAA 10j BLIAILID

jow sisouSerp S1Od Yim syuaned Jo %871
snoy

-ewey)A10 sndny orwra)sAs yim juanied Sqg
SIABIS BIUQY)SEAW pUB SNS

-ojewayIA1o sndny orwa)sAs yim juened Sqg
uonIpuod dI0[0JBWNAYT

QU0 ISBI[ I dARY 0 punoj (%6°6z) suaned /6

SAd yim juaned ur sisouserp SN

sjuaned SN { ur stsouSelp S
SAd jo K103s1y Ised yiim

juonjed e ur poysI[qe)so sem SISOUSeIp SN
erunaredsAp

%€ “BAYLIOUDWSAP 97/ “BISBYLIOUW %9/

erunaredsAp 9,/ pue eayLIOUdWSAp %676
‘3UIpadq [ennsudwW AABIY 9%6°7¢ ¢‘SUIpP9[q
[ENNSUSWIANUT %8°7¢ “KNNISJUT % "t

(9%57) ssou
-KIp TeuSea (%8°G1) SISOLNAWOPUD ‘(%87)
sosuaw Ie[NSALIl ‘(%6 ]) STeaws J10[01AD
[ewIouqe ‘(%¢G) UOTIOJUI [BUITeA JUX
-INJAIX ‘(%€ 1) UOTIB[NAOUR JUSLINOIY

(%L°1¢) erukpoA[nA
pUE (%€ 9p) sasuawt Je[n3an ‘(% L°€S)
BISRYLIOUdW ‘(%6'78) BAYLIOUSWSA(

S10d Y siuoned ¢get
woldwAs §1,0d 2uo ISe9] I8 Y)Im uonouny
-sAp orwouone woij Jurreyns syuaned 601

ened SAd

yuoned Sad

sjuaned SAHY 6L¢
yuaned Sqq
syuoned SN ¥
wened SaH

SAHY PIM USWOM 98¢

SAH YPim udwom o5e aanonpordar G/ /

SAH ynm uawom g9

Apiqow
-1odAy jutol yym uswom feraqnd-isod g

arreuuonsang)

SOLI9S 25D AAT0adsonIY
j10dor ase)

j10da1 ase)

SALIAS 9se)) aAnoadsonay
Apms aseD)

SILIas 3B
j10dor ase)

arreuuonsang)

arreuuonsang)

arreuuonsang)

SOLIaS 958D

(6107) meys
(¥107) vewrem
(9007) uos1aysy

(8L61) youerg

(L107) s18poy
(8107) ereauryoes
(8000) Tees[iA

(S107) 999120

(9107) urpoy-uosny

(¥100) 31y

(r661) urjoros

(z100) 1ose)

SUONIPUOd J1S0[0JeWNAYY

SUOT}IPUOD J130[003UAT0IN)

sguIpury

sjuedronred

adKy Apmsg

Joyine IsI1y

Ioplosiq

(ponunuoo) | sjqey

b
)
)
5
et
|9
A
&l



Immunologic Research (2022) 70:419-431

425

studies establishing this association between MC-related
disorders, peripheral neuropathies, and hEDS/HSD are
warranted.

Urticaria/flushing/angioedema

Urticaria is a finding prevalent in patients with EDS when
compared to the general population [9, 10]. In addition to
basophils, MCs are one of the most commonly implicated
inflammatory cells involved in urticaria [39]. Elevated lev-
els of proinflammatory cytokines such as IL-33 promote
the adhesion, maturation, and degranulation of MCs in
chronic urticaria [40]. While previous studies by Greiwe
and Szalewski et al. have established a connection between
EDS and urticaria, the direct cause of this association has
not been well established and it is therefore not unreason-
able that this relationship could be explained by MC-related
disorders.

Rhinitis/Sinusitis

EDS/HSD has been associated with rhinitis and/or sinusitis
[4-6]. A previous study found an anatomic variation with
increased density and quantity of collagen fibrils in EDS
patients with sinusitis as compared to control patients with
sinusitis [5]. MCs play a role in upregulation of chemokines/
cytokines in fibroblasts and epithelial cells as well as expres-
sion of matrix metalloproteinases, which interact with extra-
cellular matrix proteins and thus may play a role in the nasal
and bronchial hyperresponsiveness and tissue remodeling
found in EDS patients with sinusitis [41].

Asthma

Localization of MCs within the bronchial smooth muscle
bundles in patients with asthma indicates an important role
of MCs in the pathophysiology of this disease [42]. Unsur-
prisingly, studies have pointed to a relationship between
asthma and hEDS/HSD. In one study, a questionnaire and
clinical assessment was performed on 509 subjects (221
healthy controls, 126 HSD, 162 EDS). Asthma was sig-
nificantly more prevalent among patients with EDS/HSD
when compared to the control group (HSD: OR 2.7, 95% CI
1.4-4.1,p=0.002; EDS: OR 3.1,95% CI 1.8-5.2, p<0.001)
[7]. A smaller study followed 200 patients to determine prev-
alence of joint hypermobility in patients with asthma (100
asthma patients, 100 matched healthy controls). It was found
that joint hypermobility was present in 70.1% of patients
with asthma compared to only 29.9% in healthy controls [8].
Morgan et al. suggest that modifications of the matrix pro-
teins in the lung parenchyma as a result of hREDS/HSD may
alter the biomechanics, repair and remodeling responses fol-
lowing tissue damage leading to the development of asthma

[7]. In patients with MC-related disorders, chronic tissue
damage could be exacerbated by the aberrant release of
MCs, increasing the likelihood of development of asthma.
Though not a well-established connection, the relationship
between asthma, MC-related disorders, and hEDS/HSD is
plausible.

Gastrointestinal disorders

Several studies have demonstrated hEDS/HSD patients
with eosinophilic esophagitis (EoE) [43, 44]. In a study by
Abonia et al., the rate of EoE present in a hospital-based
cohort of patients with CTD, including hEDS/HSD, was
analyzed. It was found that there is an eightfold increase of
risk of EoE in patients with CTD, and these patients may be
at an increased risk for diffuse extraesophageal gastrointes-
tinal diseases when compared to EoE patients without CTD
[43]. While previously studies have focused on the role of
eosinophils in the pathogenesis of EoE, recent studies have
suggested that MCs have a role in the clinical manifestation
of the disease [45]. Animal and cellular studies have shown
that MCs can cause esophageal muscle cells to proliferate
into a more contractile phenotype and that the mediators
released by MCs can activate smooth muscle contraction,
thus causing esophageal abnormalities [45]. Furthermore,
Abonia et al. noted that TGFB signaling is often enhanced
in patients with connective tissue diseases and that elevated
TGFB levels in esophageal tissue of EoE patients are local-
ized in both eosinophils and MC, thus explaining this rela-
tionship [43].

Recent studies have also shown key involvement of the
innate immune system in the pathogenesis of celiac dis-
ease, evidenced by the increase in number of MC during
the progression of this condition [11]. Celiac disease is an
autoimmune disease involving the activation of ingested
gluten by the enzyme tissue transglutaminase and its sub-
sequent recognition by CD4 + T cells as a pathogen in
the small intestine at the level of the epithelium [12].
Frossi et al. showed that activation of the innate immune
system happens first before the induction of the gluten-
specific T cell response. In addition to gluten exposure,
genetic factors such as HLA-DQ2 and DQS haplotypes
and environmental factors also play a role in the devel-
opment of celiac disease [12]. A combination of these
factors contributes to epithelial insult and leads to sub-
sequent clinical manifestations such as diarrhea, anemia,
and abdominal pain among others. Danese et al. found
over a tenfold increase in prevalence of celiac disease
in patients with hEDS/HSD. Another small study found
that hEDS was likely to be diagnosed in 30% of patients
who presented to a GI clinic with a new diagnosis of
celiac disease [46]. Patients with celiac disease have been
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shown to have increased antibody titers against collagen
types I, III, V, and VI, potentially explaining this inter-
relationship between hEDS/HSD and celiac disease [47].

Elevated numbers of MC have been observed in
patients with inflammatory bowel disease (IBD) as well
[48]. Ulcerative colitis and Crohn’s disease have also
been implicated in the literature to affect patients with
EDS. One study analyzing patients from a hospital in
Greece found that the prevalence of hEDS in Crohn’s
disease was 12.2% and the prevalence of hEDS in ulcera-
tive colitis was 3.6% [49]. Fikree also described a high
prevalence of patients with EDS/HSD with Crohn dis-
ease and ulcerative colitis (32% and 21%, respectively)
[46]. While the association of IBD and MC-related condi-
tions is important to consider, another potential explana-
tion between the association of hEDS/HSD and IBD may
be due to the close proximity of connective tissue compo-
nents to the muscularis propria and myenteric plexus in
the GI tract, and thus, aberrant connective tissue dysfunc-
tion may be a possible cause for gastrointestinal diseases
[50]. Other stem cell studies have shown that collagen is
necessary for enteric neural progenitor cells to differenti-
ate into neurons and glia cells, thus supporting the notion
that the connective tissue is involved in the development
of the enteric nervous system [51].

Urogynecologic conditions

Patients with hEDS have been identified via a question-
naire as having menstrual disturbances such as menor-
rhagia (32.9-76%) [52-55]. This may be due to increased
MC activation due to the release of heparin which will
contribute to increased prevalence of not only menorrha-
gia, but also dyspareunia and vaginitis [56]. It has been
previously reported that diphenhydramine administered
as a vaginal douche successfully reduced dysfunctional
uterine bleeding in patients with MCAS not responsive
to oral antihistamine treatment [57]. While these authors
do not recommend this form of treatment, it does provide
insight into the potential MC etiology of menorrhagia.

An additional survey of 1225 women with EDS
found that 44.1% self-reported infertility [54]. Infertil-
ity could potentially be the result of anovulation, pelvic
pain, and vaginal dryness. Pelvic pain such as interstitial
cystitis and vulvodynia in particular may be associated
with MCAS. In a study that looked at vulvar biopsies in
patients with vulvodynia, > 60 MC/mm”?2 (range, 40—-120
MC) were found in subepithelial distribution surrounding
the vestibular glands [57]. Majority were in a degranu-
lated or activated state, which can lead to nociceptive and
neuropathic pain over time [57].
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Rheumatologic conditions

Kolkhir et al. discovered similarities between the pathogen-
esis of systemic lupus erythematosus (SLE) and chronic
spontaneous urticaria, which both involve IgE-mediated
autoreactivity brought on by MC [58]. Key involvement of
MCs in multiple sclerosis (MS) and rheumatoid arthritis
(RA) also has been demonstrated in separate studies [59,
60]. Multiple studies have found an association between MS
and EDS [61-63]. In a study done in 2008, it was found that
the prevalence of EDS was up to 11 times more frequent
in patients with MS than in the general population [63].
Potential hypothesis elucidating the association of the two
conditions implicates abnormalities of extracellular matrix
proteins such as collagen in the venular walls of glial cells
within the blood brain barrier [63]. These abnormalities or
microenvironmental changes within the extracellular matrix
may result in activation of metalloproteinases that can cause
altered migration of immune cells in the central nervous
system, thus resulting in MS [63]. Lastly, SLE and RA have
been described in separate cases in the literature as being
comorbid conditions to patients with EDS [64-66]. A retro-
spective analysis of patients with hEDS showed an associa-
tion between hEDS and various rheumatologic conditions
[65]. Patients with hEDS who had associated joint pain, joint
laxity and arthralgia who received comprehensive rheuma-
tologic evaluation were likely to be diagnosed with at least
one rheumatologic condition [65]. Although the findings
of this analysis suggest an association between rheumato-
logic conditions such as psoriasis, ankylosing spondylitis,
and rheumatoid arthritis and hEDS, the mechanism under-
lying the association between one genetic disorder leading
to increased risk of multiple rheumatologic conditions with
varying etiologies is not yet established [65].

Postural tachycardia syndrome

POTS is defined as a multifactorial syndrome in which
patients experience a recurrent increase in heart rate on
standing without orthostatic hypotension [67]. It has been
reported that hEDS is the most common disorder associated
with POTS [68]. In one study done on the POTS population,
it was found that 18% met the criteria for EDS [69]. Patients
with hEDS may have vascular laxity which could lead to
the pooling of blood in the lower extremities thus leading to
POTS, which could be a potential explanation for this rela-
tionship [67]. Another potential explanation, however, could
be the relationship between MC-related disorders, EDS, and
POTS [28, 67]. Shibao et al. described a group of patients
with POTS who also experienced MC-related symptoms
such as flushing, shortness of breath, headache, lightheaded-
ness, excessive diuresis, and gastrointestinal symptoms [70].
When comparing this group to patients with those without
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MC-related symptoms and POTS as well as normal controls,
it was found that this subgroup of patients had higher levels
of urine methylhistamine [70]. Cheung et al. found that in
a questionnaire given to patients with a diagnosis of both
POTS and EDS, 66% participants reported MC symptoms
[19]. In another questionnaire study, of the 4835 patients
who were diagnosed with POTS, 25% were found to have a
diagnosis of EDS and 9% were found to have been diagnosed
with MCAS [71]. Because all three disorders are based on
clinical diagnosis rather than quantitative studies, further
work needs to be done to determine to what extent the asso-
ciation among this triad of conditions exists [30].

COVID-19

Recent studies highlighted overlapping symptoms between
patients with previous COVID-19 and patients with EDS-
or MC-related disorders. Similar to EDS- and MC-related
disorders, COVID-19 is a multisystem disorder associated
with extrapulmonary manifestations including thrombo-
sis, arrthythmias, gastrointestinal symptoms, dermatologic,
and neurologic complications [72]. Carfi et al. explored
persistent symptoms in 87.4% of 143 patients after acute
COVID-19 infection, in which the most commonly reported
symptoms were fatigue, dyspnea, joint pain, and chest pain
[73]. These symptoms have been commonly reported in
patients with EDS/MC-related disorders due to the many
associated conditions and complications as noted above.
It is unclear at the moment whether COVID-19 symptoms
are worsened by coexisting EDS, and risk of complications
from COVID-19 differ based on the patient’s presenting risk
factors and other medical conditions not related to EDS.
Theoharides published a study in 2020, exploring the role of
MC in COVID-19 infection and found that MC may serve as
hosts for SARS-CoV-2 by expressing angiotensin converting
enzyme 2, an important receptor for SARS-CoV-2 [74]. Fol-
lowing stimulation of MC by SARS-CoV-2, MCs are able to
rapidly secrete preformed granules as well as cytokines and
chemokines 6-24 h later. MC-derived vasoactive mediators
are then able to infiltrate multiple organs, including crossing
the blood brain barrier leading to “COVID Brain Fog.”[72]
Interestingly, pharmacotherapy used in MC-related disor-
der patients has been found to be effective in mitigating
the severity of the viral illness and preventing increase in
post-COVID-19 chronic illnesses, bringing to light the
importance of MC-targeted treatment in management of
COVID-19 patients and maintenance of antihistamine ther-
apy in MC-related disorder patients with COVID-19 infec-
tion [75-77]. Valent et al. also recommended that patients
with mastocytosis receive vaccination for SARS-CoV-2 as a
majority has been found to tolerate the vaccine well with the
exception of few reports of adverse reactions [75]. Although

there have been no published studies indicating whether
EDS patients can undergo COVID-19 vaccination, those
with a known history of anaphylaxis or severe reactions to
vaccines should discuss risks and benefits of receiving the
vaccine with their primary care doctor.

Treatment

There is no cure for MC-related disorders; therefore, MCAD
and related conditions should be treated based on symptoms
(Table 2). Therapy should always include targeted therapy
at controlling MC mediator production and release such as
antihistamines, omalizumab, or leukotriene antagonists [28].
In general, the comorbidity of hEDS/HSD is not known to
affect the approach to treatment of MC-related conditions;
however, corticosteroids should be avoided [28]. Patients
should reduce exposure to any triggers as patients may
have physical sensitivities (temperature, ultraviolet radia-
tion, etc.), antigenic sensitivities (pollen, mold, etc.), and
food intolerances [28]. Desensitization therapy can also be
considered. An in-depth review of treatment modalities is
beyond the scope of this review.

Discussion

The purpose of this review was to demonstrate the critical
role that MC play in EDS by highlighting close associa-
tions of EDS with various MC-associated conditions and
other immunologic disorders. Over the years, it has been
purported that EDS has affected approximately 255 million

Table2 MCAD treatments

1. Avoidant measures (diet, environ-
ment)
2. Medications: histamine blockade
3. Desensitization (immunotherapy)
4. Traditional Chinese herbal therapy
5. Omalizumab
6. Anti-interleukin monoclonal anti-
bodies
. Anti-inflammatory agents
. Immune globulin supplement
. Traditional Chinese herbal therapy

Allergens

Autoimmune disorders

Primary immune deficiency 1. Prophylactic antibodies

. Immune globulin supplement

. Surgery
. Vagal stimulation
. Acupuncture

1
2
3
1
2
Connective tissue disorders 1. Physical therapy
2
3
4
5. Oxygen therapy

There is no specific treatment regimen for MCAD disorders. Rather,
treatment is supportive treatment of symptoms. Table adapted from
Seneviratne et al
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people worldwide [2]. Given the association of EDS with
many different disorders as noted above, this finding rein-
forces the need for physicians from different specialties to
closely communicate with each other to manage a patient
with EDS. hEDS is the most common subtype that is found
to be associated with these disorders, most likely due to a
higher number of individuals diagnosed with this subtype
compared to others. A recent abstract studied the prevalence
of MCAS in hEDS patients and showed that nearly 1 in 3
patients with MCAS had comorbid diagnosis of hEDS in a
sample size of 37,665 patients diagnosed with either MCAS
or hEDS or both [76]. However, despite this close relation-
ship, both hEDS and MCAS have no specific genetic marker
yet discovered. Therefore, it is important for clinicians to
diagnose and manage these conditions independently as
a direct causation has not been found between hEDS and
MCAS and unnecessary diagnostic testing and procedures
can potentially harm patients with either disorder.

MCs are associated closely with the epithelium, contrib-
uting to its homeostasis by responding to and repairing tissue
injury [74, 78-80]. MCs display an array of receptors which
recognize molecules derived from tissue injury or inflamma-
tion through direct Toll-like receptors and indirect immuno-
globulin receptors. Upon co-engagement of receptors that
recognize alarmins and pathogens, MCs release mediators
that result in innate and adaptive immune responses, regulate
blood flow, and coordinate tissue repair [78]. Due to the
disrupted collagen in patients with hEDS, where these MC
reside, MCs act aberrantly, thus resulting in the syndrome of
symptoms and disorders discussed in this review.

Relatedly, both EDS and MCAS have been redefined sev-
eral times due to their wide range of systemic manifestations
and subsequent need to categorize the condition into differ-
ent subtypes based on specific clinical features. The 2017
EDS classification provided stricter criteria for EDS diag-
nosis and also illuminated the difference between hEDS and
HSD. Kohn and Chang in 2020 stated that the classification
of MCAD is still being refined today; however, in the article,
they simplified the definitions of different types of MCAS,
and proposed that primary MCAS due to mastocytosis is
to be called mastocytosis, which in part would support the
idea that concurrent MCAS in patients with hEDS is related
simply to mastocytosis [30]. Defining specific criteria for
these conditions have alleviated some of the concerns in
misdiagnosing either condition as both rely on the symptoms
for diagnosis.

Above, we note studies that showed that a significant per-
centage of individuals with a genetic mutation in TPSABI
had MCAS, EDS, or POTS, or a combination of the three.
Weiler et al. emphasized that these types of findings do not
mean that one condition is a cause of another and that cli-
nicians should be wary about diagnosing and treating the
three conditions as a group [18]. Kohn and Chang also
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emphasized that overlapping or shared symptoms cannot
be the basis of establishing an association between hEDS
and MCAD and that there must be a common pathologic
mechanism that exists to define such a relationship [30]. As
shown above, the symptoms experienced by patients with
hEDS, MCAD, or both are nonspecific and not unique to any
particular condition or EDS subtype. This idea that an asso-
ciation between two conditions cannot be created based on
shared symptoms alone is also reflected when exploring the
relationship between hEDS and any MC-related disorders
noted above. Therefore, more studies need to be done with
patients that are diagnosed with EDS and MCAD using the
most recent criteria published. It is clear from our review,
however, that MCs are a crucial component of the pathogen-
esis of EDS as there is increasing prevalence of MC-related
disorders in EDS patients. As hEDS is the only EDS subtype
without a genetic etiology, our findings highlight the need
to discover the genetic marker of hEDS so that the exact
mechanisms of how MCs are involved in hREDS/HSD can
be further elucidated.

Limitations

There are several limitations in this review. First, most of
the studies that we mentioned had small sample sizes, as
we made an effort to focus on studies that included patients
diagnosed with the most recent EDS criteria. As more indi-
viduals are being diagnosed with EDS using this criteria,
our hope is that there will be many studies published soon
with larger sample sizes. In addition, the patient population
explored in these studies were mostly women; therefore, the
findings noted in our review may not be entirely attributable
to male EDS patients. Lastly, as noted above, the associa-
tions made between EDS- and MC-related conditions are
based on studies that do not establish a direct causation and
focus on overlapping symptoms. As genetic etiology is cur-
rently unknown for the most common type of EDS, hEDS,
there is no paper that provides sufficient evidence for the
relationship of hEDS with its associated conditions. Most of
the studies also focused on hEDS only, which is a limitation
in itself as the findings may not apply to other EDS subtypes.

Conclusion

This study demonstrates an association between the features
of MCAD- or MC-related conditions and hREDS/HSD based
on the current literature. While no current evidence exists
that directly links the two conditions, this paper demon-
strates that these multifactorial conditions have many over-
lapping features that should be further explored. Recogniz-
ing the shared clinical features of these conditions should
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allow for earlier diagnosis and treatment of patients with
hEDS/HSD and MC-related conditions.
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lupus erythematosus; MS: Multiple sclerosis; RA: Rheumatoid arthritis
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