<RNE,

? Kobe University Repository : Kernel

R
4ope

PDF issue: 2025-12-05

Responsiveness to autologous sweat and serum in
cholinergic urticaria classifies 1ts clinical
subtypes

Fukunaga, Atsushi ; Bito, Toshinori ; Tsuru, Kenta ; Oohashi, Akiko ;
Yu, Xijun ; Ichihashi, Masamitsu ; Nishigori, Chikako ; Horikawa, ---

(Citation)
Journal of Allergy and Clinical Immunology, 116(2):397-402

(Issue Date)
2005-08

(Resource Type)
journal article

(Version)
Accepted Manuscript

(URL)
https://hdL. handle. net/20.500. 14094/90000419

KOBE
\f].\]'l'l'.lii\l Y
J

%)



Responsiveness to autologous sweat and serum imetgic urticaria classifies its clinical

subtypes

Atsushi Fukunaga, MD, Toshinori Bito, MD, Kenta TisuMD, Akiko Oohashi, MD, Xijun Yu,

MD, Masamitsu Ichihashi, MD, Chikako Nishigori, Vdhd Tatsuya Horikawa, MD

From: Division of Dermatology, Department of CliaidViolecular Medicine, Kobe University

Graduate School of Medicine, 7-5-1 Kusunoki-chou@hku, Kobe, 650-0017, Japan

Address correspondence and reprint requests:

Tatsuya Horikawa, M.D.

Division of Dermatology,

Department of Clinical Molecular Medicine,

Kobe University Graduate School of Medicine,

7-5-1 Kusunoki-cho, Chuo-ku, Kobe, 650-0017, dapa

TEL: 81-78-382-6134



FAX: 81-78-382-6149

E-mail:thorikaw@med.kobe-u.ac.jp



Abstract

Background:

It has been reported that patients with cholinetgiccaria have a type 1 allergy to autologous

sweat, however the pathogenesis of that disordenbgbeen fully elucidated.

Objective:

We investigated the responsiveness to autologoestsand serum in patients with cholinergic

urticaria in relation to their clinical characteits. We further classified the clinical subtypleatt

are clearly characterized by responsiveness tovo andin vitro tests as well as their clinical

features.

M ethods:

Intradermal tests with autologous sweat and seruemewperformed in 18 patients with

cholinergic urticaria. Histamine release from plkeeal blood basophils induced by autologous

sweat was measured.

Results:

Eleven of 17 patients with cholinergic urticariabaled positive reactions in skin tests with their

own diluted sweat. Substantial amounts of sweatgad histamine release from autologous



basophils were observed in 10 of 17 patients. Eajht5 patients with cholinergic urticaria

showed positive reactions in the autologous serkim tsts. All 6 patients who developed

satellite wheals after the acetylcholine test shbWwgpersensitivity to sweat. Further, patients

whose eruptions were coincident with hair follicksowed positive responses to the skin test

with autologous serum, whereas patients whose iengptvere not coincident with hair follicles

did not.

Conclusions:

On the basis of these findings, we propose thalirdrgic urticaria should be classified into 2

distinct subtypes. The first (nonfollicular) sub&yphows strong positive reactions to autologous

sweat and negative reactions to autologous serim@.s€cond (follicular) subtype shows weak

reactions to autologous sweat and positive reagtioutologous serum.
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Abbreviations used

CU: Cholinergic urticaria

ASST: Autologous serum skin test



Introduction
Cholinergic urticaria (CU), which was first des@ib by Duké in 1924, is characterized by
unique clinical features: pinpoint sized, highlyuptic wheals with surrounding erythema that
occur after sweating during physical exercise,ngka bath, raising the body temperature and
emotional stress. In typical cases, this disordrrally occurs in young adults. Occasionally,
this disorder is accompanied with angioedema aagiaylactic reaction$.>

The pathogenesis of CU has not yet been well @drifiespite the fact that numerous
investigators have described its clinical charasties and possible pathogenesis. In patients
with CU, injection of acetylcholine (mecholyl) intormal-appearing skin produces a wheal and
flare reaction, often surrounded by smaller saéelésions that are similar to the skin symptoms
of CU? Acetylcholine is thus believed to play a signifitaole in the development of the
symptoms of CU. Another aspect of the pathoger#stSU has focused on sweat itself on the
basis of evidence that this unique eruption ocetditsr sweating. Adachi et’afound that 20
patients with CU showed immediate-type reactiongoiong an intradermal skin test with
autologous sweat. Kobayashi €t plesumed that the leakage of sweat into the ddsetause of

ductal occlusion at the superficial acrosyringiuauses CU. Kaplan et’abnd Sigler et &l



demonstrated plasma histamine elevations aftecmeechallenge of patients with CU.

We performed this study to clarify further the pblsinvolvement of sweat- mediated

and autoimmune-mediated mechanisms in CU and otlinical features. Skin responsiveness

was evaluated after the intracutaneous injectioaubdlogous sweat and serum. We assessed the

correlation between the degrees of skin reactiodsaanounts oin vitro histamine released from

basophils after stimulation with autologous sw¥gt. further analyzed the relationship between

the clinical symptoms of CU and the characteristicthese tests.



METHODS

Subjects

Eighteen patients with CU were enrolled at the Dmological Institute of Kobe University
Hospital. CU was confirmed by the development anetous small wheals following exercise
until sweating’ All of the patients had no aquagenic urticaria. Tharacteristics of patients with
CU are described in Table I. Their age ranged batwid and 31 years (mean 21.8 years). Nine
patients had a past history of atopic diseasedq@icadermatitis and 3 allergic rhinitis). Five
patients were accompanied with cold urticaria. Hgatontrol subjects were enrolled from the
staff at Kobe University Hospital. All subjects prded oral consent for this study after oral and
written explanations. Relevant drugs such as hisiard1-receptor antagonists were withdrawn
for at least 24 hours before the examination. Alltlee patients had never had systemic
corticosteroids for at least 3 months before tren@ration.

Materials

Venous blood was taken into sterile glass tubesadiogved to clot at room temperature for 30
minutes. Serum was separated by centrifugatior0D@g 3or 20 minutes and passed through a

0.45 pm MILLEX ®HV membrane (Millipore, Molsheim, France)Sweat was collected from



each patient’s forearm after exercise. The sweat stexilized after collection using a 0.4
MILLEX ®HV membrane, and it was preserved at°GBefore use. Sweat samples were diluted
with saline (1/100 dilution) before the skin tellistamine contents of sweat samples (1/100
dilution) from healthy control subjects and patseewith CU were less than 10 nmol/L.

Skin test technique

Samples of autologous diluted sweat (0.02 ml), lagtius serum (0.05 ml) and 0.9% sterile
saline (0.02 or 0.05ml) were separately injectechdermally into the volar aspect of the forearm
of each subjects when they were quiet and with healv The diameters of wheals and erythema
were measured after 15 minutes. Reactions weresestas positive if the diameter of the wheal
induced by sweat and serum was equal to or lahger & mm. The sterile saline-induced wheals
of all subjects were below 4mm and 2mm when theuwsntsoof 0.05 and 0.02ml were injected,
respectively.

L ocal provocation test

Responses to acetylcholine chloride (OVisoDaiichi, Tokyo, Japan) were evaluated.
Acetylcholine (0.1 ml) was intradermally injectedaaconcentration of 10Qg/ml diluted with

saline. The development of satellite wheals ardimednjection site was considered as positive.
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Simultaneously, we checked sweating around thectioje site by the iodine-starch technique,
and all patients tested showed sweating by thist@d of the normal controls tested showed a
significant number of tiny sweating points by thigthod.

Basophil histamine release test

A histamine release test was performiedvitro using HRT (Shionogi, Osaka, Japan) as
previously describetf. Venous peripheral blood samples from patients Wit and normal
healthy controls, 2@, and antibasophil antibodies conjugated to magrmstads were added to
each well of a 96-well plate and incubated for liutes at room temperature on a plate mixer.
Antibody-binding basophils in each well were theapped with a chandelier-shaped magnet and
transferred to another microplate, where the batoplere stimulated at 3C for 1 hour with
autologous sweat, anti-IgE antibody, and digitongspectively. Histamine released into the
medium was measured by an ELISA with a characiedstection profile?

Satistical analysis

The statistical significance of differences wased®ined using Studenttstest. Some data were
analyzed by regression analysis by using the statipackage StatView J (Abacus Concepts Inc,

Palo Alto, CA). A difference was considered statadty significant afp<0.05.
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RESULTS

Skin testsfor autologous sweat

Of 17 patients with CU, except for 1 patient wh@wbd mechanical urticaria in skin test for

autologous sweat, 11 (64.7%) showed positive reastio their own 1/100 diluted sweat by

measuring the diameter of wheals (Table IlI). Intcast, all 10 healthy controls showed negative

reactions to their own 1/100 diluted sweat, whegeémw healthy controls had positive reactions

to their own 1/10 diluted sweat (data not shownye&-induced wheals in the skin tests were

significantly greater for patients with CU than fagalthy control subjects (Fig 1, A).

Sweat-induced histamine release from basophils

We investigated the histamine release from basshill7 patients with CU and of 10 healthy

controls after incubation with autologous sweat. XJf CU patients’ basophils, 10 (58.8%)

showed positive responses (more than 5% histameleage) after incubation with 1/100 diluted

autologous CU sweat, whereas none of the 10 heetthiyols’ basophils did with 1/100 diluted

autologous normal sweat. Four of the CU patien&sadphils showed positive responses to

1/1000 diluted CU sweat. The overall values of petchistamine release from basophils of

patients with CU were significantly larger thangbkdrom healthy control subjects (Fig 1, B).
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Correlation of skin tests for autologous sweat with sweat-induced histamine release from
basophils

We examined whether sweat-induced histamine religase CU basophils correlates with skin
tests for autologous CU sweat in 16 patients. Aswshin Fig 1C, percent histamine release
correlated positively with the area in wheal ussig tests on 1/100 diluted sweat. These results
indicate that the degree of percent histamine selefor autologous sweat represents the
responsiveness of skin tests for autologous sweat.

Autologous serum skin tests

Of 15 patients with CU, 8 (53.3%) showed a positegponse in the autologous serum skin test
(ASST) (Table II). In contrast, all 6 healthy cais showed a negative response for ASST. Most
patients with CU who had a negative response fd8 Af&nded to show a positive response for
skin tests and for the histamine release test aitblogous CU sweat. In contrast, a few patients
with a positive response for ASST tended to shopehsensitivity for sweat (Table II).

I ntrader mal acetylcholine test

After intradermal injections of relatively high amntrations of cholinergic agents, the typical

satellite pinpoint wheals around the central langeeal were seen only in patients with ¢U.

13



However, these satellite wheals seemed to devetdp io a few patients with C& we
therefore examined whether the patients with CUwsltb satellite wheals by acetylcholine
injection. In this study, 6 (50%) of the 12 patemtith CU tested showed a positive response for
acetylcholine (Table Il). AlImost all the patienthavwere checked for sweating by iodine-starch
method showed sweating after acetylcholine injecitioour series, indicating that the absence of
the satellite wheals by the agent is not attribitethe dyshidrosis. Compared with patients who
showed a negative response for the acetylcholste ttee areas of CU sweat-induced wheals in
the skin tests were significantly greater in pasewho showed satellite wheals for the
acetylcholine test (Fig 2, A). The values of CU aw@duced histamine released from basophils
of patients who showed positive responses for ttetylcholine test were significantly greater
than those from patients who showed negative resgsofor the acetylcholine test (Fig 2, B). In
addition, certain satellite wheals after the aattyline test were recognizable as coincident with
perspiration points when sweating points were detedy starch-iodine method (Fig 2, C).
Characterization of theclinical phenotype

When patients with CU develop wheals after exercige observed that the wheals sometimes

coincided with hair follicles. Of 16 patients witdU, 6 (37.5%) had wheals coincident with

14



follicles (the follicular type) and 8 (50%) had vete that were not coincident with follicles (the

nonfollicular type). Compared with the folliculaypie, the areas of CU sweat-induced wheals in

the skin test were significantly greater in the fodicular type (Fig 3, A). The values of CU

sweat-induced histamine released from basophitheionfollicular type tended to be greater

than those released from basophils of the follictype (Fig 3, B). A representative clinical

picture of wheals consisting of follicles is shoyfig 3, C).
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DISCUSSION

We demonstrated that the majority of patients wthh are highly sensitive to
autologous sweat. The heterogeneous responsesitesks with autologous sweat suggest that
patients with CU have various degrees of hypersieitgito sweat. We further observed that
various amounts of histamine were detected in thdimm when basophils were incubated in the
presence of autologous sweat, which suggests thialbgous sweat itself contains factors that
can induce histamine release. The amounts of hiseameleased from CU basophils correlated
relatively well with the degree of response in shen tests to autologous CU sweat. In contrast,
normal healthy controls did not respond to intranebus challenge with autologous sweat and
did not show histamine release from basophils byuation with autologous sweat. These
results indicate that patients with CU have varidagrees of hypersensitivity to sweat and that
in vitro histamine release tests using autologous sweatlatas with the intracutaneous test.
Previously, Adachi et alreported that all patients with CU examined shoiverhediate-type
skin reactions to intradermal tests with sweataaious dilutions (22°%). We observed that a few
healthy controls had positive reactions after oitranal injection of 1/10 autologous sweat,

whereas no healthy controls showed a positive iiatd their own 1/100 diluted sweat. Certain
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patients who showed a negative response at 1/1iiodi might have shown a positive response
at higher concentrations (1/10 and higher dilufjoirs other words, those patients with CU who
showed positive skin responses in this study migipresent the presence of strong
hypersensitivity to sweat.

Interestingly, Hide et &t recently reported that patients with atopic deftisashow
hypersensitivity to autologous sweat antigens. Tkpgculate that this phenomenon is an
IgE-mediated response, because histamine releasempaired by removal of IgE from patients’
basophils and myeloma IgE blocked the sensitizatiomasophils with the patient’s serum. It is
of interest to note that patients with CU frequemthve atopic dermatit’s™® Adachi et a have
shown that leukocytes from a normal healthy dondrrdlease histamine on sweat challenging
after being sensitized with patient’s serdmerefore, it might be possible that, similar topat
dermatitis, hypersensitivity to sweat in patienthwCU could be an IgE-mediated response.

An attractive hypothesis for the pathomechanism€Ufis that sweat leaks from the
sweat duct into the dermis'® Several cases of CU have been described thassoeiated with
hypohidrosis/anhidrosfs.*® Occlusion of the superficial acrosyringium miglesult in sweat

leakage into the dermis in patients with CU andignosis® If those patients with CU are
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hypersensitive to sweat, the leaking sweat possilolyces urticarial symptoms around the sweat
ducts, resulting in small pinpoint wheals. Command Greavésexamined 12 patients with CU
by intradermal testing with methacholine and fotimat satellite wheals were induced in only 6
of them. It is not yet clear why only some patiemtish CU develop satellite wheals after
injection of cholinergic agents. We showed herd gadients developing satellite wheals in the
acetylcholine test had significantly enhanced raspe to sweat in the skin tests and in histamine
release tests (Fig 2). This means that those wipleisensitivity to sweat tend to develop satellite
wheals after stimulation with acetylcholine, a stneducer. Moreover, we observed that satellite
wheals after the acetylcholine test were coincideth perspiration points by the iodine-starch
method (Fig 2, C). These results are compatiblé wie idea that sweat leakage from sweat
ducts induces small wheals in certain patients With

Circulating functional histamine-releasing autobotiies reactive against either tire
subunit of the high-affinity IgE receptor #Rla) or IgE have been identified in more than one

third of patients with chronic idiopathic urticaria®

The ASST is now recognized as a suitable

screening test for such autoantibodies in suctepifi However, it is still unclear whether the

wheal-inducing factors in the patient’s sera irs thiudy are these autoantibodies, and this issue

18



should be further clarified in the future. Sabroal€ have reported that only 1 of 9 patients with
CU had a positive ASST. In contrast, we showed Beoé 15 patients had a positive for ASST.
The discrepancy of the ratio of responsiveness3& A between their findings and ours might be
attributed to the patient population; that is, thajority of the patients in their study might have
had the nonfollicular type. So far, it is uncleahether we might enroll more follicular-type
patients than the usual population in CU. Therefts issue should be further studied in the
future.

We observed that certain patients with CU develdgals in association with hair
follicles, whereas the other patients do not. fiienomenon is similar to that seen in aquagenic
urticaria, in which follicular wheals develop afmntact with water. We found that patients with
nonfollicular-type CU tend not only to show satellivheals after the acetylcholine test but also
to have hypersensitivity to sweat as determinedskig tests and by histamine release tests
(Table II). On the other hand, most of the patiemith follicular-type CU showed a positive
reaction to ASST and no satellite wheals by achbflne or hypersensitivity to sweat (Table II).
On the basis of these findings, we strongly belitvet CU should be classified into two

subtypes from the clinical and pathological aspettse relationship between CU and hair
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follicles should be examined further.

In summary, 2 subtypes were identified in patienith CU. The first subtype shows

nonfollicular wheals, a hypersensitivity to autadog sweat, satellite wheals in the acetylcholine

test, and negative reactions to autologous sertma.s€cond subtype shows follicular wheals, a

very weak hypersensitivity to sweat, no satelliteeals in the acetylcholine test, and positive

reactions to autologous serum. Thus, we suggedt ttle pathogenesis of CU involves

hypersensitivity or autoimmunity to sweat. In calesing the pathogenesis of CU, the

classification presented here may be useful touhigue disorder.
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Figure legends

FIG 1. Differences in responses to sweat in CUgpidiand normal controls. The areas of wheals

induced by intradermal injection with autologousesiv are presented (A). Values of the

histamine release from basophils stimulated witheaU sweat or normal sweat are shown (B).

The relationship of responsiveness of skin tests @ sweat and CU sweat-induced histamine

release from CU basophils (C).

FIG 2. The relationship between responses to samatacetylcholine tests in CU patients. The

areas of wheals induced by intradermal injectioth\@U sweat in CU patients with or without

satellite wheals (A). The CU sweat-induced histanglease from basophils in CU patients with

or without satellite wheals (B). A representativiinical picture, that satellite wheals are

coincident with perspiration points (C).

FIG 3. The difference of response to sweat in #ationship between follicles and eruption in

CU patients. The areas of wheals induced by intradkinjection with CU sweat in CU patients

with non-follicular or follicular wheals (A). The & sweat-induced histamine release from

basophils in CU patients with non-follicular or lfollar wheals (B). A representative picture of

wheals consisting of follicles (C).
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TABLE|. Thedinicd cheradtgridicsof petientswith cholinergic urticatia

Pdient Age Sex Pedt history Accompaniedof symptoms . Taid  Ige(IU/m) IgERAST
1 2 farde aopicdermditis nore 919 mite candida
2 2 farde aopicdamditis ahma 5518 oedar, orchard gass
3 2 mde nore odduticaia 412 whest
4 2 mde none none &b nd.
5 21 mde dopicdamditis none 4080 mite, candida, wheet
6 2 mde none none 250 nd.
7 2 farde dlagcrhinitis cdduticaria 1842 mite candida
8 19 mde nore none nd. nd.
9 2 mde none none 116 nd.
10 26 nde nore none nd. nd.
11 31 mde dlagcrhints none jle”! nd.
12 19 ferde aopcdamdits odduticaia angioedema A2 mite
13 24 femde aopicdamditis none 07 mite
14 15 mde none cdduticaria 1302 mite, candidg, orcherd grass
15 26 fende nore none 144 negdive
16 18 femde aopicdamditis none 18 mite
17 19 nmde uticaia cold uticaia nd. nd.
18 17 mde dlagcrhintis none 423 nd.

n.d: not done



TABLE II. Detalsof reautsfor skintests hidaminerdessetest, aoavicholinetest and dinicd dradterization

Pdient Autdogoussvestkintes  %hidaminerdesseby svest Autdogoussaum  Aogylchdine  Charadterigticsof

(@ytheme)  (whed?) 1100° 1/1000F dintet test® euption
1 31x16 20x14 100 %6 negetive nd. norHallicuar
2 25x20 10x10 896 236 negetive paositive nonfallicuar
3 11x10 %8 05 0 negative postive nonfallicuar
4 23x20 8x8 73 04 negative postive nonfallicuar
5 11x10 11x10 214 65 negetive paositive undetemined
6 10x10 <7 nd. nd negative postive nonfallicuar
7 24x23 10x8 40 39 nd postive nonfallicuar
8 52 %9 488 02 nd nd nonfallicuar
9 20x15 76 548 6.7 paositive nd undetemined
10 15x13 x5 632 46 postive nd undeiemined
1 OoxC oxC 106 13 positive nd. fdllicuar
12 10x8 10x8 21 02 paositive negetive fallicuar
13 9 0°0 1 0 postive negative follicua
14 mechanicd uticaia 02 0 nd. follicuar fallicuar
15 ox0 ox0 04 0 paositive negetive fallicuar
16 76 ox0 0 0 paositive negetive nonfallicuar
17 ox0 0°0 04 04 postive negative follicua
18 <1 44 11 0 negeive negeive nonHallicuar

P ongaxisand short axisof oval areaare presented. /100 diluted sweet isusad in autologous sveet skinttest.
Dilution of sveat

“Autologous ssumwasinjected intrademrelly into the volar agpect of theforeerm
‘Acglylchalinewasintradermélly injected 0.1 mi in concentration of 100 pugfm diluted with Hire.

nd.: notdore
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