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Abstract

Background:

Alpha gal syndrome is a hypersensitivity reactiomedd meat mediated by specific
IgE antibody to galactose-1,3-galactose carbohydrate (alpha gaiblyomma

tick bites are associated with this condition alijio the pathophysiology is not
understood.

Objective:

To clarify the mechanism of development of alphlesgadrome after tick bites.
Methods:

We compared alpha gal antibodies between patieittisawd without a history of
tick bites and examined the histology of tick bé&sions between patients with and
without detectable anti-alpha-gal IgE antibody.

Results:

Patients who had 2 tick bites had higher levels of anti-alpha-ggt kntibody
compared with those with 1 tick bite or healthyiunduals. On histological
investigation, greater numbers of infiltrating bpisits and eosinophils, but not mast
cells, were observed in the lesions of patienth wi2 tick bites compared with
those with 1 tick bite. Type 2 cytokine-producingdll infiltration was-also
predominantly observed in such patients.

Limitation:

The study was conducted at a single institutiodaipan.

Conclusions;
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In Amblyomma tick bites, basophils, eosinophils and type 2 layte-producing T

cells infiltrate the skin, and anti-alpha gal Igiibodies are produced, which

provides a potential mechanistic connection tomeet hypersensitivity.
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Introduction
Tick bites give rise to local inflammation at thesilon site and there is a risk of infection
by pathogenic microorganisms. However, it has recently been recognized tht tic
bites byAmblyomma species may also be closely associated with thelolement of
alpha gal syndrome, which is mediated by speaifte antibody against
galactosear-1,3-galactose (alpha gal) causing immediate hypsitvity against red
meat>* > Recent findings of basophil infiltration in thieirs lesions of mice bitten
repeatedly by ticksand their antigen presenting functiondicate that basophils
present in human skin after tick bites may funcagrantigen-presenting cells to
produce anti-alpha-gal IgE antibody. Using immustdiogic techniques, we
investigated basophil and eosinophil infiltratidrtiok bite skin lesions of patients who
had experienced 2 tick bites in their lifetime. Our findings off@rsight into the

mechanism of development of alpha gal syndrome edfeeated tick bites.
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Materials and Methods

Twenty-one healthy volunteers (male: 13, femaleag& 40.0 £ 11.7 years; range, 26—
59 years) and 115 patients (male: 58, female: §&, 84.4 £ 17.7 years; range, 4-91
years), who visited our hospital department suifigfrom tick bites, were enrolled into
this study after providing their informed consédnttotal, 53 skin specimens were
obtained from the patients and were subjectedsimlioigical analysis; 34 of these
specimens were subjected to immunostaining. Slagispens that were too small to
assess dermal infiltrates were excluded from thumostaining analysis. The study
was performed according to the Declaration of Hidsiand the study protocol was
approved by the Shimada Municipal Hospital Eth{€ammittee (Accession number
2016-03). Routine laboratory blood examinationshiematology, chemistry and levels
of specific IgE antibodies to alpha gal and red infleeef, sheep, pork and chicken)

were performed.

Reagents and antibodies

Purified, FITC-conjugated and PE-conjugated monwalantibodies to CD3, CD4,
CD8 and CD68, and FITC-conjugated and PE-conjugaiaoclonal antibodies
against cytokines (interferon (IFN)-interleukin (IL)-4, IL-5, IL-13, IL-17 and IL-22)
were purchased from BD PharMingen (San Diego, C8ALU Human basophil-specific
antibody (BB1, anti-basogranulin antibody) was ot#d from University of

Southampton, UK.

Identification of tick species

For those patients who arrived at our departmettt tidks still attached to the skin, we



104  removed the ticks using a tick remover device knawthe O'Tom Tick twister®

105  (ProColler, France), which ensures that the mouth@ae not left in the tissue. These
106  ticks were then sent to an expert in the field {PkoTakano, Yamaguchi University,
107  Japan) to identify the species.

108

109  Preparation of skin specimens

110  Tick bite skin lesions were biopsied using a 4-mepan and these skin specimens were
111  subjected to routine HE, toluidine blue and immustaithemical staining.

112

113  Histological analysis

114  Formalin-fixed, paraffin-embedded sections werateé with antigen-retrieve solution
115  after deparaffinization and were stained with asdibs to CD4, CD8, CD68 and

116  basophil granules (BB1), as previously describéthe degrees of cellular infiltration
117  in the epidermis and dermis of the skin lesionsevgami-quantitatively evaluated into 1
118 of 5 categories (0, none; 1, few; 2, mild; 3, maderland 4, severe) by microscopic
119 analysis by trained inspectors. The number oftnafiing basophils, eosinophils and
120  mast cells were enumerated in eight high-poweddgi&hat were randomly selected in
121  each of the lesions, and the mean values werelatddu

122

123 Cytokine production by skin-infiltrating T cells

124 In the patients who had experienced 1 tick biticRbites or>3 tick bites in their

125  lifetime, skin-infiltrating T cells were propagaté@m the skin specimens using our
126  previously established meth8dCytokine production was investigated by

127  intracytoplasmic cytokine staining of the cellseafstimulation with phorbol myristate
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Statistical analysis

Pair-matched differences were analyzed by the Wilnsigned rank test, comparisons
among multiple samples were analyzed by the Fislexact test and the Mann—
Whitney U-test or the Kruskal-Wallis test and supsatly the Dunn’s multiple
comparison test, and correlations were analyzetidypearman’s rank test, using the
software GraphPad Prism 7 (GraphPad Softwarellaclplla, CA, USA). Values of p

< 0.05 were considered to indicate statisticalifitance.
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Results

Tick species

Thirty-eight ticks were obtained from the infesgtis of the patients with a tick twister.
Of these, 33 ticks (86.8%) were identifiedfasbl yomma testudinarium, which were
mostly nymphs (71.0%). In this study, the patidatsvhom anti-alpha-gal IgE was
detected had all been bitten Aytestudinarium. Other tick species identified were
Haemaphysalis (4/38, 10.5%) antkodes monospinosus (1/38, 2.6%). The population of
tick species detected in our study area differethfthat reported for other areas of
Japan, such as the Shimane af®&hese geographical differences seem to correlate

with the animals populating these areas.

Detection of specific IgE antibody to alpha gal in patients with tick bites

Recent observations suggest that the historicabeumf tick bites experienced by an
individual in their lifetime is a crucial factor the production of specific antibaty*?

To address this issue, we investigated the ratietafction of anti-alpha-gal IgE
antibody among the patients categorized accordirige number of historical tick
bites:1 tick bite; 2 tick bites; 3 tick bites and! tick bites, in addition to 21 healthy
control individuals that had never been bittenibls (O tick bites). The specific
antibody was not detected (0/21) among the indadslwith O tick bites, whereas 4%
(2/45) of the patients with 1 tick bite were paosgtifor the antibody; however, there was
no statistically significant difference betweengbéwo groups (Fig 1). By contrast, the
patients with> 2 tick bites showed higher detection of the artipavhich was
statistically significant compared with the patgentith O or with 1 tick bite (Fig 1,

Table 1), with> 3.94 at relative risk (Table I1B). The rates ofi@fpha-gal IgE antibody
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positivity obtained among the patients with 2 tigtes, 3 tick bites and 4 historical

tick bites were comparable to each other, excep ggnificant difference between the
patients with 2 tick bites and 3 tick bites witl89 at relative risk (Table IB). We
observed a close positive correlation between ¢hens levels of anti-alpha gal IgE
antibody and specific IgE antibodies to red meat,not to chicken (SFig 1), indicating
that these antibodies reacted to shared moleaueh,as alpha gal. However, we also
detected a small number of patients who were pesitir anti-alpha-gal IgE antibody
and negative for anti-red meat IgE antibody (SHignarning of the limitations of

anti-red meat IgE antibody for the detection ohalgal syndrome.

Histological features of tick bitesin skin

In total, 53 skin specimens were available fromegpés with tick bites who were treated
by punch biopsy prior to the introduction to ouagtice of the tick twister, which
removes the tick without the need for a punch bjopN® control specimens from
healthy volunteers were available. Because we faustatistical difference in the
positive detection of anti-alpha-gal IgE antibodyveeen patients with 1 tick bite and
patients with> 2 tick bites, we investigated the histologicafeli€nces in skin lesions
between these groups. Marked lymphocytic and nphitio infiltrations around dermal
vessels, interspersed with various degrees of epkils and vasculitis were common
features in both groups. We found denser celluiftriation in the deep dermis in the
group with> 2 tick bites than in the group with 1 tick bitenirever, this difference was
not statistically significant (p=0.095, Fig. 2A).elhdividually compared skin
specimens from a single patient with several titgsh Skin specimens from eight tick

bite sites from four patients (which included tfititk bite and a subsequent tick bite
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in each patient) were examined (Fig 2B). We fourat the degree of cellular
infiltration increased in both the epidermis ane tlermis along with the historical

number of tick bites (the®ltick bite vs. subsequent tick bites).

Basophil infiltration of tick bite sites

By immunohistochemical analysis with BB1, the numiebasophils in the tick bite
lesions between the group with 1 tick bite (n=13J2a 2 tick bites (n=20) in their
lifetime was compared. Low levels of basophil iméition were detected in the tick bite
lesions of the group with 1 tick bite (Fig 3A andI8&ft) despite significant cellular
infiltration, as previously reportet*> However, significant levels of basophil
infiltration were detected in the tick bite lesiarfthe groups witk 2 tick bites (Fig 3A
and B, right; p=0.0028, Mann—Whitney test), whicasveonsistent with a previous
murine stud§. In the single tick bite lesions, the number ditiirating basophils (<50
cells/lHPF) was marginal (SFig 2A). By contrast, muienber of infiltrating basophils
increased from 2 days after the tick bites in tine tick bite lesions and from 1 day
after the tick bites in the3 tick bite lesions (SFig 2B,C), suggesting thatkimetics of
basophil infiltration depend on the tick bite histdn accordance with these results, we
also found a difference in antibody production keiwthe patients with 2 ar@ tick

bite lesions (SFig 3B,C). Higher numbers of infitthg eosinophils were detected in the
tick bite lesions of the groups with2 tick bites compared with the group with 1 tick
bite and these cell numbers were positively assedtiith the basophil number (data
not shown). By contrast, the number of mast celtéch are morphologically and
functionally similar to basophils, was not assaatith the infiltration of basophils

(data not shown). This suggests that basophilsheapecifically involved in the
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pathophysiology of tick bites.

Phenotype of skin-infiltrating T cells at the tick-infested sites

We performed immunohistochemical staining of slgp@mens with antibodies to CD4,
CD8 and CD68, and evaluated the degree of iniittnads described in the Materials
and Methods (Fig 4A and B). Interestingly, CD4+ adfiltration in the dermis was
significantly greater in the skin lesions of thegps with> 2 tick bites than in the

group with 1 tick bite (Mann—Whitney U-test, p<0)06onversely, CD68+ cell
infiltration in the dermis was significantly lowar the skin lesions of the group with

2 tick bites than in the group with 1 tick bite (Me-Whitney U-test, p<0.05). We also
found that the levels of infiltration of CD4+ and8+ T cells were higher, and those of
CD68+ cells were lower in the skin lesions of patsewith>2 tick bites than those of
patients with one tick bite when skin biopsies wiakeen at the same time point (data
not shown). There was no difference in epidermidtriation of CD4+ or CD68+ cells.
CD8+ cell infiltration was comparable at all sitetween the groups. This finding
indicated that cellular infiltration into the skiesions differed qualitatively between the

patients with 1 tick bite and 2 tick bites.

Cytokine production by infiltrating T cellsin skin lesions

To characterize the skin-infiltrating T cells, tb&lls isolated from the skin samples in
10 cases (four patients with 1 tick bite; threegras with 2 tick bites; three patients
with > 3 tick bites) were expanded without artificialtdigion of their function by a
previously reported method that involved IL-2 amti-£D3/CD28 antibody-coated

microbead¥ In the group with 1 tick bite, CD4+ cells prodddarge quantities of
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234 IFN-y as well as the type 2 cytokines IL-4, IL-5 and1®; and small quantities of
235 IL-17 and IL-22 were detected (data not shown). mtmber of IL-4-producing cells to

236 IFN-y-producing cells (the Type 2/Type 1 ratio) was appnately 1 (mean + SD, 0.9 +

237 0.3). In the groups with 2 a3 tick bites, CD4+ cells produced extremely high
238  quantities of IL4, IL5 and IL13 but a low quantiy IFN-y, and the Type 2/Type 1 ratio

239  was high (mean + SD, 3.0 £ 1.0; 22.5 + 27.3, reSpelg) in this group. We observed a

240  similar change in the Type 2/Type 1 ratio whenrthenber of CD8+ cells to CD4+ cells

241  was analyzed (data not shown). The Type 2/Typdid irathe CD4+ and CD8+

242 populations in the patients with2 tick bites suggested preferential type 2 T cell

243 infiltration compared with the patients with 1 tibKke.

244
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Discussion

The human immune system recognizes alpha galpaltgdrate that is expressed in the
cell membrane of many organisms, with the exceptigorimates, avian species and
humans, and produces IgM antibody against this coté¥. However, under specific
situations, anti-alpha-gal antibody-producing Bsehdergo isotype class switching to
produce IgE antibody that induces immediate hypesisgity reactions against the
entry of alpha gal. Importantly, several observationdicate a close association
between the production of anti-alpha-gal IgE ardipand tick bites that contain
abundant alpha g&? *® suggesting that immune reactions following theyeaf alpha

gal into the skin via a tick bite triggers anti{adpgal IgE antibody production.

Basophils, comprising less than 1% of circulatirttiterblood cell¥’, are recruited to

the skin, and play a critical role in acquired immity against ticks in mice bitten
repeatedly’; however, no significant basophilic infiltratiom$iever been reported in the
limited studies of tick bite lesions in humafis® This prompted us to examine a larger
sample of skin lesions histologically, and thugngicant basophilic infiltration was
detected in human lesions. This disparity with pres reports may reflect different

patient profiles. The infiltration of basophils Hasen reported for other skin disorders.

The production of the specific IgE antibody is asated with an underlying
Th2-shifted immune condition; however, there wasadalispute regarding which cell
type is the source of early IL-4 that is resporesiiok Th2 cell differentiation. Activated
basophils are one source of this cytokineowever, controversy surrounded whether

these cells act as antigen presenting cells drivii@jcell differentiatiolf. Recently, it
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has been clearly demonstrated in mice and humansa#sophils can act as antigen
presenting cells using MHC sequestered from denatls via trogocytosis for driving
type 2 cell differentiatioh This observation is consistent with our findihgtttype 2 T
cells infiltrated the skin lesions of patients witf2 tick bites along with basophils, but
not the lesions of patients with 1 tick bite. Eagihil infiltration was also detected in
these patients, as seen in the murine study, amdiight be promoted by basophils in
the skin along with skin fibroblast8 Interestingly, we also found fewer CD68+ cells in
the skin of patients with 2 tick bites compared with patients with 1 tickebiOur
observations may shed light on the immunologicatesses that occur in the
development of immediate hypersensitivity inducgddpeated entries of allergens into
the skin, where basophils function as antigen pitesg cells driving type 2
differentiation and the production of specific lg&tibody. Our observations will
provide new insight into the mechanism respondim¢he correlation between tick

bites and anti-alpha-gal IgE antibody production.
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Table 1. Rates of anti-alpha gal IgE positivity among the participants

A. Rates of anti-alpha gal IgE positivity among the groups with different
numbers of tick bites

Anti-alpha-gal IgE

Number of
tick bites
Positive* Negative*
Healthy
individuals 0 0/21 (0%) 21/21 (100%)
1 2/45 (4.4%) 43/45 (95.6%)
2 9/26(34.6%) 17/26 (65.4%)
Tick bite
patients 3 16/24 (66.7%) 8/24 (33.3%)
24 13/20 (65.0%) 7/20 (35.0%)
22 38/70 (54.3%) 32/70 (45.7%)

*Numbers in parentheses indicate the percentages of the total number of cases.

B. Comparison between the groups with different numbers of tick bites

Tick bites 0 1 2 3 24 =2

0.0025 <0.0001  <0.0001 <0.0001

Q] ) Q] Q]
0.0013  <0.0001  <0.0001 _ <0.0001
(3.94) (7.59) (6.45) (11.47)

0.042
(1.89) n.s.

Numbers indicate the P values for the relative risk between the groups (as determined by the
Fisher’s exact test). n.s., not significant. (-), incalculable.

20
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Figurelegends

Fig 1. Anti-alpha-gal IgE antibody levels (linl) in the patients with different numbers
of historical tick bites

Fig 2. Histological analysis of tick bite lesions

A. Degree of cell infiltration into the epidermisdadermis of the skin lesionB.
Representative histologic features at differenetpoints.

Fig 3. Basophil infiltration of tick bite lesions

A. Number of infiltrating basophils in tick bite less. *, p=0.0028 Mann—-Whitney
U-test.B. Representative basophil staining (red) of thepary (left) and second (right)
tick bite lesions in a single patient.

Fig 4. Infiltration of CD4+, CD8+ and CD68+ cellstick bite lesions

A. Representative CD4, CD8 and CD68 cell stainintpefprimary (upper) and the
second (lower) lesion8. Degree of infiltrating CD4+, CD8+ and CD68+ calighe
skin lesions of the groups with 1 tick bite and*h2tick bites over their lifetime. *,

p=0.0022; **, p=0.0035, Mann—-Whitney U-test.



Capsule summary

® Alphaga syndrome has been reported after Amblyomma tick bites.

® Patientswho had > 2 tick bites had higher levels of anti-alpha-gal |gE antibody than

those with 0-1 tick bites.

® Patients with multiple Amblyomma tick bites may be at higher risk of developing

dlergy to red meat.

Key words: aphaga syndrome, basophil, eosinophil, interferon-gamma, interleukin-4,

tick bite, type2 T cell



Legends for supplementary figures

SFig 1. Correlation between serum concentratioratfalpha-gal IgE antibody and

anti-beef (white circle) and —pork (black circlegat IgE antibodies.

SFig 2. Number of basophils in the 1 (1°), 2 (2%l a3 (>3°) tick bite lesions and the

timing (days after tick bites) of the skin biopsies

SFig 3. Levels of anti-alpha gal IgE antibody anel timing (days after tick bites) of the

blood tests in the groups with 1 (1°), 2 (2°) a3d(>3°) tick bite lesions
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