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ABSTRACT

Purpose: Mast cells, their serine proteinase tryptase, and immunoglobulin E (IgE) can be involved in
cutaneous carcinogenesis.

Materials and methods: To study the association of tryptase™ and IgE* cells with photodamage and
skin cancers 385 adult patients (201 males, 184 females, 75 with immunosuppression) at risk of any
type of skin cancer were examined. Skin biopsies were taken from the sun-protected medial arm and
from the photodamaged dorsal forearm skin followed by immunohistochemical staining for tryptase
and IgE.

Results: The results show that tryptase* and IgE* cells are significantly higher in number in the
photodamaged than sun-protected skin, both in immunocompetent and -compromised subjects, and
there is a strong correlation between tryptase* and IgE* cells. The numbers of forearm tryptase* and
especially IgE* cells associated significantly with the forearm photodamage severity. In the logistic
regression analysis, the forearm to upper arm ratio of IgE* cells produced a univariate odds ratio of
1.521 (p=.010) and a multivariate one of 3.875 (p=.047) for the history of squamous cell carcinoma.
The serum level of total IgE correlated significantly to the IgE to tryptase ratio in both skin sites.
Conclusions: Therefore, IgE* mast cells participate in photodamage and carcinogenesis, though it is
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unclear whether they are tumor-protective or -causative.

Introduction

Ultraviolet (UV) radiation from the sun is the major factor for the
development of cutaneous photodamage and cancers (1). The
photodamage appears as dryness, irregular pigmentation, wrin-
kling, elastosis, and telangiectasia (2). Even though previous
research suggests that UVB causes most of the photocarcinogene-
sis, UVA is also involved in skin cancer development. UVA pro-
duces reactive oxygen species that damage membrane lipids with
resultant activation of UV response genes (2-4), as well as epider-
mal hyperplasia, stratum corneum thickening, Langerhans cell
depletion, and accumulation of inflammatory cell infiltrates (4).
Cutaneous mast cells can release a variety of mediators upon
activation, including proteolytic enzymes, histamine, lipid-derived
mediators, cytokines, chemokines, and growth factors (5). Mast
cells can be divided into two subgroups by their proteolytic
enzymes: MC; cells contain only tryptase, but MC;¢ cells, the pre-
dominant cell type in the skin, contain tryptase, chymase, carboxy-
peptidase and cathepsin G (6,7). Mast cells can be involved in skin
carcinogenesis through participation in immunosuppression, neo-
vascularization, degradation of extracellular matrix (ECM), and
tumor cell mitosis (8). It has previously been suggested that mast
cells may adopt either a proinflammatory or immunosuppressive
phenotype depending on the cutaneous microenvironment (9)
and therefore the outcome may be either promotion or inhibition
of tumor growth (10). Mast cells may have a marked role in

UVB-induced immunosuppression through different pathways. UVB
induces isomerization of photo-receptor trans-urocanic acid to
cis-form (11) resulting in consequent neuropeptide secretion and
mast cell degranulation. In addition, UVB affects keratinocytes to
secrete nerve growth factor, which maintains the release of neuro-
peptides (12). Mast cells secrete histamine and TNF-a that take
part in the UVB-induced immunosuppression cascade (13). In fact,
many factors have been noticed to affect mast cell function after
UV exposure, including endothelin-1, cis-urocanic acid, comple-
ment factor B, and platelet activating factor (14).

Beta-tryptase, a tetrameric trypsin-like serine proteinase, is the
major proteolytic enzyme that is secreted from mast cells upon
degranulation (15). Previously, it has been found that tryptase can
degrade ECM by activating matrix metalloproteinases and by
direct degradation, including fibronectin (5,16). The powerful
chymotrypsin-like serine proteinase, chymase, can enhance these
destructive changes if left without control by protease inhibitors
(17). The ECM damage leads to the destruction of basement mem-
brane and photoaging. It has been reported previously that trypt-
ase can have a significant role in collagen degradation (18). In a
previous study on the sun-protected and sun-exposed skin in pre-
auricular area, tryptase* cells were noticed to be more numerous
in the sun-exposed than sun-protected skin (19). Recently, an asso-
ciation between serum tryptase level and cutaneous photodam-
age and skin malignancy was observed (20).
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Immunoglobulin E (IgE) mediates immediate-type allergic reac-
tions and plays a part in the defense against parasites and toxins.
IgE binds to two different receptors, the high-affinity FceRl and
low-affinity FceRIl. FceRI is expressed in mast cells and basophils,
but also in other immune cell types, including dendritic cells and
eosinophils (21-23). After allergen exposure, the cross-linking of
antigen-specific IgE molecules on mast cells induces degranulation
and liberation of preformed and newly-generated mediators. In
previous studies, the relationship between IgE, atopy and cancer
risk has been found to be conflicting, though IgE may function in
tumor suppression (21).

The correlation of serum IgE level to cutaneous photodamage, skin
cancers, moles, and actinic keratosis has been studied recently, but
significant associations were not observed (24). A higher level of IgE
has been associated with a higher risk for squamous cell carcinoma
(SCC) (25). Also, IgE has been found to be a part of the host defense
against epithelial damage and tumor development after topical expo-
sure to a DNA-damaging chemical, which suggests that IgE is
tumor-protective (26). A study on the malignancy risk in adults with
an undetectable level of IgE (<31U/ml) revealed that these subjects
have increased risk for a first malignancy, particularly hematologic one,
compared to those with normal IgE level (27). In a review, it was pre-
sented that the deficiency of IgE was connected to more rapid tumor
growth and higher risk for any malignancy, especially in subjects with
low serum and tissue IgE levels (28).

In order to investigate the link between tryptase* mast cells or
IgE* cells and photocarcinogenesis, skin biopsies were taken from
385 adult subjects with an elevated risk for any type of skin can-
cer. The biopsies were taken from both the sun-protected medial
arm and sun-exposed dorsal forearm skin followed by immunohis-
tochemical staining for tryptase and IgE. The immunostained cells
were correlated to a variety of skin-related parameters, such as
photodamage, actinic keratoses (AKs), pigment cell nevi and skin
cancer history. In addition, the study subjects were divided to
atopic and non-atopic subjects as well as to immunocompetent
and -compromised subjects.

Materials and methods
Study subjects and skin biopsies

The study subjects (N=385, aged 21-79) consisted of patients at the
Dermatologic outpatient clinic in Kuopio University Hospital, Kuopio,
Finland, as described (20,24). The entry criteria for participation in the
study were the age of 18-80years and an increased risk for any type
of skin cancer. The subjects were recruited between May 2017 and
October 2020, except for mid-summer months, June, and July. The
study subjects filled out a questionnaire regarding, e.g., previous sun
exposure, sunburns, UV-light treatments, indoor tanning, skin cancers,
tobacco and alcohol usage, immunosuppression, and medications. The
skin cancer risk was evaluated by experienced dermatologists, and the
assessment was based on, e.g. past or present skin cancers or AKs,
skin photodamage level, abundance of moles, atypical moles, immu-
nosuppression, skin phototype, and family history of melanoma. The
evaluation of immunosuppression was based on a use of immunosup-
pressive medication because of OTR or immune-mediated disease
during the past several years at least three months per year, as
described in detail previously (20). After entry, the subjects were
divided into a low, moderate, or high skin cancer risk class as described
previously (20,24,29). The atopic status was evaluated, and all subjects
were divided into a non-atopy, mucous membrane atopy or skin
atopy groups (24). The non-atopy group consisted of 240 subjects.

There were 79 subjects with mucous membrane atopy and 53 sub-
jects with skin atopy alone or together with mucous membrane atopy
(24). All voluntarily attending subjects read an informative material
and signed a written consent before entering the study. The study has
been approved by the Ethics Committee of Kuopio University Hospital
(71/2017) and followed the principles of the declaration of Helsinki.

A history of past malignancy in extracutaneous site (ECS) was
verified in 52 subjects, including a cancer in breast, lung, prostate,
liver, kidneys, bladder, intestine, pancreas, brain, hematologic,
tongue, reproductive organs, salivary gland, tonsils, eye, or thyroid
gland. With regard to a past or present history of skin cancers, the
number of subjects with any skin cancer history was 220, compris-
ing 75 with melanoma (both malignant (N=63) and in situ (N=12)
types of melanomas), 155 with basal cell carcinoma (BCC), and 36
with cutaneous SCC (N=30) or Bowen'’s disease (N=6) (20,24).

Skin biopsies were taken using a 4-mm punch tool under local anes-
thesia from the dorsal aspect of forearm skin (photodamaged skin) and
from the medial aspect of upper arm skin (sun-protected skin). All biop-
sies were fixed in 10% formalin and then embedded in paraffin.

Immunohistochemical staining

A rabbit polyclonal antibody against human IgE was purchased
from Thermo Fisher Scientific (Catalog number PA5-16396, MA,
USA). The rabbit polyclonal antibody against purified human skin
tryptase is an in-house antibody produced previously (30).

The skin samples were processed for 5-um sections followed by
fixation in 10% formalin and immunohistochemical staining using
a 1:700 dilution of anti-IgE or 0.183 ug/ml anti-tryptase antibody.
The immunopositive cells were visualized using a Vectastain Elite
ABC Rabbit IgG Kit (Vector PK-6101, Vector Laboratories, CA, USA).
The cells immunopositive for IgE or tryptase were counted in sep-
arate sections from an area of 1.0mm (width) x 0.6mm (depth)
immediately beneath the epidermis by using an ocular grid (31,32).
All samples were analyzed with Leica DM 4000B light microscope
equipped with a 40x Plan Leica objective.

The blood samples were taken from the cubital fossa vein from
381 subjects. Blood tests included complete blood cell count,
serum tryptase and serum total IgE. IgE was analyzed with electro-
chemiluminescence immunoassay and serum tryptase with
ImmunoCAP™ assay (20,24).

Statistics

Statistical analyses were performed with IBM SPSS Data Editor. The
chi-square test was used to analyze categorical variables, and the
unpaired, two-tailed, t-test continuous variables. The Fisher’s exact
test was used in variables, which contained groups with fewer
than five members. The analysis of variance (ANOVA) was used in
analyses, which contained more than two groups. In the correla-
tion analysis, the Spearman correlation test was used. The binary
logistic regression analysis was used to assess the factors that may
have an effect on the forearm photodamage level. A p value less
than .05 was considered as statistically significant.

Results

Tryptase* and IgE* cells in the photodamaged versus sun-
protected skin

The numbers of tryptase* and IgE* cells were significantly higher
in the photodamaged than sun-protected skin, and the result was



similar regardless of the immune status. Furthermore, there were
strong correlations (p<.001) between tryptase* and IgE* cells in all
cases (Table 1). Representative micrographs of the immunostain-
ings are shown in Figure 1.

Correlation between immunopositive cells and different
variables

To assess the upregulation of tryptase* or IgE* cells in the pho-
todamaged skin, the ratio of cell numbers in the forearm to upper
arm skin was calculated (Table 2). In the case of tryptase* cells, no
correlation was seen between this ratio and a variety of variables.
The ratio of IgE* cells correlated significantly to the facial

Table 1. The numbers of tryptase®™ and IgE* cells in the photodamaged forearm
and sun-protected upper arm skin.

Correlation between

Tryptase* IgE* IgE* and tryptase®
cells/mm cells/mm? cells
All subjects
Upper arm N=385 N=380 0.932
(sun-protected) 43.2+234 33.1+17.0
Forearm N=385 N=380 0.960
(sun-exposed) 51.4+28.2 39.4+21.1
p Value <.001 <.001 Upper arm
<.001
Forearm
<.001
Immunocompetent subjects
Upper arm N=310 N=306 0.928
44.1+£235 33.9+17.0
Forearm N=310 N=306 0.958
52.1+£29.1 40.1+£21.7
p Value <.001 <.001 Upper arm
<.001
Forearm
<.001
Immunosuppressed subjects
Upper arm N=75 N=74 0.943
39.8+22.6 30.1+16.4
Forearm N=75 N=74 0.966
48.5+23.8 364178
p Value .006 <.001 Upper arm <.001

Forearm <.001

Notes: The p values were calculated with paired samples t-test. The results have
been presented with a mean+standard deviation. The correlation was calculated
with the Spearman correlation test. Significant p values have been marked in
bold.
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photoaging score (p=.041) and age (p=.045). A borderline signifi-
cance was seen in monocyte count (p=.052).

The number of tryptase* cells in the forearm skin correlated to
BMI (p=.033), and a borderline significance was seen in the case
of skin tumor count (p=.051) (Table 2). Regarding other variables,
no correlations were observed. The number of IgE* cells in the
forearm skin correlated to the forearm photoaging score (p=.025)
and skin tumor count (p=.049).

Immunopositive cells in subjects with skin cancer history versus
controls

The ratio of tryptase® cells in the forearm to upper arm skin or the
number of tryptase* cells in the forearm skin did not differ signifi-
cantly between the subjects with a history of any skin cancer, BCC,
SCC, melanoma (all cases) or malignant melanoma and those with-
out skin cancer history (Supplementary Table 1). In addition to
skin cancers, malignancies in ECS or those in the lymphatic system
were analyzed (the data of ECS malignancies are from (24)), but
there was no difference between the groups.

The ratio of IgE* cells and the number of IgE* cells in the fore-
arm skin were compared between these groups, too (Supplementary
Table 1). The ratio of IgE* cells was higher in the subjects with
malignancy in ECS than in those without it (p=.016). In addition,
the subjects with SCC history revealed a higher ratio of IgE* cells
compared to those without SCC (p=.051). However, the number of
IgE* cells in the forearm skin revealed no significant differences in
any of these subgroups.

The numbers of IgE" and tryptase* cells were analyzed also in
the sun-protected skin. However, significant differences were not
observed in any of the subgroups.

Logistic regression analyses

In the case of malignancy in ECS (Supplementary Table 2), the age
equal to or above the median 66 produced a univariate OR 6.389
(p<.001), the moderate skin cancer risk class an OR 2.235 (p=.035),
and the forearm/upper arm IgE ratio an OR 1.418 (p=.019).

With regard to the history of SCC (Supplementary Table 3), signifi-
cant univariate ORs were seen in age (OR 16.320, p<.001), gender
(female, OR 0335, p=.006), lifetime sun exposure (very often, OR
5.659, p=.011), smoking history (OR 2.662, p=.010), skin cancer risk
class (moderate risk, OR 10.605, p=.023; high risk, OR 38.000, p<.001)
and forearm/upper arm IgE ratio (OR 1.521, p=.010). In multivariate

Figure 1. Immunohistochemical staining for (A) mast cell tryptase and (B) IgE on skin sections from the forearm sun-exposed skin. Note that there are several IgE*
cells with cell membrane-like circular staining (B). The micrographs were taken using a 40x objective.
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Table 2. Spearman correlation between the forearm/upper arm ratio of tryptase* and IgE* cells and different variables.

Forearm/upper arm cell ratio

Forearm cells/mm?

Tryptase (N=385) IgE (N=380) Tryptase (N=385) IgE (N=380)
Correlation Correlation Correlation Correlation
Variable coefficient p Value coefficient p Value coefficient p Value coefficient p Value
Age (years) N=385 0.075 143 0.103 .045 0.050 332 0.098 .056
Gender N=385 0.000 1.000 0.015 775 0.046 .366 0.024 643
BMI (kg/mz) N=383 —0.048 353 —0.068 187 —-0.109 .033 —0.093 .071
Immunosuppression N=385 0.045 .380 0.039 450 —-0.030 .559 —0.054 .288
Fitzpatrick skin type —0.043 419 —0.093 .080 0.046 384 0.020 .703
N=357
Fitzpatrick points N=354 —0.015 774 —0.044 408 0.035 512 0.008 .878
Alcohol usage N=373 —0.025 633 —0.034 .520 —-0.076 41 —0.062 234
Indoor tanning N=381 0.006 911 0.005 927 —0.013 .803 —0.002 965
UV-light treatment N=365 0.083 113 0.079 137 0.035 .505 0.031 .562
Lifetime sun exposure —0.068 185 —0.069 183 -0.074 152 —0.067 193
N=378
Work related sun exposure —-0.026 617 —0.023 657 0.016 752 0.020 .702
N=379
Lifetime sunburns N=381 —0.026 616 —0.029 578 —0.050 332 —0.050 335
Tobacco pack years N=365 0.046 379 0.044 400 0.069 191 0.083 114
PAASI-score N=383 0.087 .089 0.088 .089 0.063 218 0.081 115
Facial photoaging score 0.069 178 0.105 .041 0.034 .504 0.084 101
N=384
Forearm photoaging score 0.082 .109 0.079 126 0.092 072 0.115 .025
N=384
Skin cancer risk class —-0.003 953 0.024 638 0.010 846 0.036 483
N=385
AK count N=384 0.073 152 0.083 .108 0.038 456 0.085 .099
Mole count N=382 —0.026 617 —0.031 549 0.076 139 0.054 295
Skin tumor count N=384 0.073 155 0.071 .168 0.100 051 0.101 .049
Leukocyte count N=381 0.066 .200 0.087 .092 —0.044 .387 —0.028 .589
Neutrophil count N=374 0.042 419 0.050 336 —0.065 209 —0.058 261
Eosinophil count N=371 0.016 764 0.007 .894 0.031 .548 0.082 116
Monocyte count N=373 0.067 199 0.101 .052 0.020 696 0.044 401
Lymphocyte count N=373 0.030 .562 0.077 142 0.026 .615 0.039 453
Thrombocyte count N=381 0.047 .356 0.060 249 0.058 257 0.058 258
Hb N=381 —0.013 797 —0.012 821 —0.030 .560 —0.026 614

Note: Significant p values have been marked in bold.

analysis, significances were seen in age (p<.001), lifetime sun exposure
(occasionally, p=.044; very often, p=.002), skin cancer risk class (high
risk group, p=.004) and, again, IgE ratio (OR 3.875, p=.047).

In the analysis of subjects with a photodamage score 2-4 com-
pared to control subjects with a score 0-1 in the forearm skin (Table
3), female subjects showed a univariate OR 0.665 compared to male
subjects (p=.048), the indoor work showed an OR 0.382 compared
to outdoor work (p=.020), smoking showed an OR 1.685 (p=.012),
and the advanced age revealed an OR 7.139 (p<.001). The high skin
cancer risk class produced an OR 3.203 (p<.001) and the moderate
risk class an OR 1.800 (p=.013) compared to low-risk group. The
number of tryptase* or IgE* cells in the forearm skin showed a sig-
nificant univariate OR of 1.009 (p=.024) or 1.014 (p=.007), respec-
tively. BMI, immunosuppression, indoor tanning, sunburns, lifetime
sun exposure, tryptase® or IgE* cell counts in the upper arm skin,
the ratio of IgE to tryptase in the forearm skin, tryptase or IgE ratios
between the forearm and upper arm skin, did not show association
with the severity of forearm photodamage. In the multivariate anal-
ysis, only the age showed significance with an OR 7.051 (p<.001). In
the case of other variables, significant ORs were not reached.

Comparisons of immunopositive cells in atopic and non-atopic
subjects

In all and immunocompetent subjects, significant differences were
observed in the number of tryptase* and IgE* cells in atopy and

non-atopy groups (Table 4). In both groups, tryptase* and IgE*
cells were in a similar fashion higher in the photodamaged than
sun-protected skin. In all subjects, the cell count of forearm trypt-
ase* cells was higher in the non-atopy than atopy group (p=.034).

In immunocompromised subjects (Table 4), the numbers of
tryptase* and IgE* cells were higher in the forearm than upper
arm skin in the non-atopy group, but not in the atopy group. With
regard to the ratio of IgE to tryptase, no significant differences
were seen.

Comparisons of immunopositive cells between three atopy
groups

When both atopy groups and non-atopy group were compared to
each other, significant differences were not observed in the number of
tryptase* or IgE* cells in either forearm or upper arm skin
(Supplementary Table 4). However, a significantly higher ratio of IgE to
tryptase was seen in the sun-protected skin in the MM atopy group
when compared to that in the non-atopy group (p=.012).

Correlation between IgE or tryptase in serum and
immunopositive cells in skin

IgE in serum correlated positively to IgE* cells in the sun-protected
skin (p=.041, N=147) (Supplementary Table 5). Also, the ratio of
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Table 3. The logistic regression analysis and consequent odds ratios for subjects with a photodamage score 2-4 (N=208) compared to control subjects with a score

0-1 (N=176) in the forearm skin in all subjects.

Missing values  Univariate odds

95% confidence

Multivariate 95% confidence

Variable (number) ratio interval p Value odds ratio interval p Value
Age 0 Ref.,1 4.544— <.001 7.051 4.187- <.001
<Median 66 7.139 11.216 11.874
>Median 66
Gender 0 Ref.,1 0.944- .048 1.072 0.604- 811
Male 0.665 0.996 1.906
Female
BMI 2 1.011 0.972- .580 1.006 0.956- 818
1.053 1.059
Immunosuppression 0 Ref.,1 0.362- .050 0.635 0.337-1.197 161
No 0.602 1.000
Yes
Indoor tanning 4 Ref.,1 0.486— 351 1.173 0.616— 627
Never 0.792 1.292 255 1.225 2.234 719
30 times 0.594 0.242- 0.404-
31-100 times 1.456 3.715
Lifetime sun exposure 7 Ref.,1 0.695— 661 1.919 0.943—- .072
Rarely 1.135 1.997 559 1.349 3.904 437
Occasionally 1.192 0.661- .598 1.055 0.634- .909
Often 0.831 2.149 2.869
Very often 0.417- 0.422-
1.656 2.635
Work related sun exposure 6 Ref.,1 0.170- .020 0.497 0.188- 158
Outdoor 0.382 0.858 247 0.808 1312 .680
Indoor 0.597 0.250- 0.294-
Mixed 1.429 2.221
Outdoor/indoor
Lifetime sunburns 4 Ref.,1 0.432- 102 0.799 0.445- 451
Seldom 0.676 1.181 .388 0.824 1.433 615
Occasionally 0.780 0.444- 0.388-
Often 1.371 1.751
Any smoking history 5 Ref.,1 1.119-2.537 012 1.253 0.738- 403
No 1.685 2127
Yes
Skin cancer risk class 0 Ref.,1 1.129- .013 1.192 0.664— 556
Mild 1.800 2.869 <.001 1.598 2.139 071
Moderate 3.203 1.733- 0.943-
High 5.920 4.232
Tryptase cells/mm? 0 1.002 0.994- 611 0.985 0.946- 443
Upper arm 1.011 1.025
Tryptase cells/mm? 0 1.009 1.001- .024 1.027 0.975- 316
Forearm 1.016 1.081
IgE cells/mm? 0 1.006 0.994- 332 1.024 0.964- 440
Upper arm 1.018 1.089
IgE cells/mm? 0 1.014 1.004- .007 0.976 0.976—- .500
Forearm 1.024 0.908
IgE/tryptase ratio 0 2613 0.858- .091 2418 0.397- 338
Forearm 7.957 14.721
Forearm/upper arm ratio of tryptase 0 1.044 0.916- 520 0.862 0.657- .283
1.190 1.131
Forearm/upper arm ratio of IgE 0 1.210 0.951- 121 1.234 0.564- 599
1.540 2.698

Notes: Significant p values have been marked in bold. Photodamage score: 0=no, 1=mild, 2=moderate, 3=severe with actinic keratosis, 4=very severe with actinic

keratoses.

IgE to tryptase in the upper arm and forearm skin correlated pos-
itively to serum IgE (p<.001). However, serum tryptase (N=294)
did not reveal any significant correlation to IgE* cells, tryptase*
cells or the ratio between them in either skin sites.

Subjects with a very low serum immunoglobulin E

In subjects with a measured serum total IgE, 9 subjects out of 147
(6.1%) revealed a serum level lower than or equal to 2.5 kU/I.
Three of these subjects were immunocompromised and six were
immunocompetent. One subject had history of melanoma, one a
history of BCC, and one a history of both BCC and SCC. Three

subjects had a history of atopy. Cancer in ECS (breast cancer) was
in two subjects. Despite very low serum IgE, IgE* cells were
detected in all 9 subjects in the forearm (range 13.3-46.7 cells/
mm?, mean+SD 29.4+10.2) and upper arm skin (range 11.7-43.3
cells/mm?, 27.0+9.3), and these cell numbers did not differ signifi-
cantly from the cell numbers of other 138 subjects (forearm
36.0+£18.1 cellsymm? and upper arm 30.1+14.4 cells/mm?).

Discussion

In this study, tryptase* and IgE* cells were significantly higher in the
photodamaged than sun-protected skin, and there was a strong
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Table 4. Comparison of tryptase™ and IgE* cells between atopic and non-atopic subjects.

Atopy vs. Atopy vs.
non-atopy non-atopy
Non-atopy Atopy Upper arm Forearm
Variables Upper arm Forearm p Value Upper arm Forearm p Value p Value p Value
All subjects
Tryptase™ mast N=243 N=243 <.001 N=134 N=134 .004 216 .034
cells/mm? 44.5+24.0 54.1+30.1 41.4+22.7 47.7+24.1
IgE* mast cells/ N=240 N=240 <.001 N=132 N=132 .008 .745 .108
mm? 33.6+17.2 41.0+£228 33.0+16.8 37.2+17.6
IgE/tryptase N=240 N=240 574 N=132 N=132 .085 107 331
0.8+0.3 0.8+0.2 0.9+0.3 0.8+0.2
Immunocompetent subjects
Tryptase™ mast N=195 N=195 <.001 N=110 N=110 .007 329 .088
cells/mm? 45.2+244 54.4+31.7 42.2+223 48.9+24.0
IgE* mast cells/ N=193 N=193 <.001 N=108 N=108 017 .996 232
mm? 340175 4141238 34.0+16.6 383177
IgE/tryptase N=193 N=193 513 N=108 N=108 114 .308 .380
0.8+£0.3 0.8+0.2 09+0.2 0.8+0.2
Immunosuppressed subjects
Tryptase™ mast N=48 N=48 017 N=24 N=24 329 378 .068
cells/mm? 42.0+21.7 52.8+22.9 37.7+24.6 42.0£24.0
IgE* mast cells/ N=47 N=47 .018 N=24 N=24 225 398 .097
mm? 31.7£16.0 39.3+18.1 286+17.5 323+16.6
IgE/tryptase N=47 N=47 .887 N=24 N=24 390 154 722
0.8+0.2 0.8+0.2 0.9+0.6 0.8+0.1

Notes: The p values were calculated with paired samples t-test in atopy and non-atopy subgroups. The comparison between atopic and non-atopic subjects was made
with independent samples t-test. The results have been presented with mean+SD (standard deviation). Significant values have been marked in bold.

correlation between these cells regardless of the immune status. The
forearm tryptase* and especially IgE* cells associated with the forearm
photodamage severity. In addition, the forearm to upper arm ratio of
IgE* cells produced significant univariate and multivariate ORs for the
history of SCC. The serum level of total IgE correlated significantly to
the IgE to tryptase ratio in both upper arm and forearm skin. The lim-
itation of this study was that all study subjects filled out the question-
naires by themselves and for this reason, personal interpretation of
questions may affect the results. The strength is that all subjects were
examined by experienced dermatologists.

In previous studies, mast cell tryptase has been found to activate
matrix metalloproteinases (33), induce the proliferation of endothelial
cells (34), and increase the proliferation of fibroblasts and the synthesis
of collagen type | (3536). In addition, tryptase can cause focal
epidermal-dermal separation and fibronectin degradation in the base-
ment membrane ex vivo (16). In this study, tryptase* cells were signifi-
cantly increased in the photodamaged skin, and in the univariate
analysis they associated with photodamage severity, which supports
the theory that tryptase is involved in photodamage processes. The
result of the increase in tryptase® cells is supported by the previous
study showing that the number of cutaneous mast cells is higher in
distal than proximal extremities (37). Another factor, which could have
an effect on the photodamage severity, besides tryptase, is the smok-
ing history (38), like it was found in the univariate analysis in this
study. Interestingly, the number of tryptase* cells has previously been
found to be increased in the healthy and sun-protected skin of
tobacco smokers compared to nonsmokers (32). One possibility, how
smoking may participate in these events, is the inactivation of
a,-proteinase inhibitor, a known inhibitor of elastase and mast cell
chymase (39,40). Nevertheless, because tryptase can have regenerative
properties in ECM, in addition to degradative ones, the net effect of
these bidirectional mechanisms can determine the final outcome.

IgE* cells were increased in the photodamaged skin, as did
tryptase* cells. The past or present history of atopy may play some
role in these cellular changes because of the higher ratio of IgE to
tryptase in the sun-protected skin, but not in the photodamaged
skin, in subjects with MM atopy compared to non-atopic subjects.

This result parallels our recent result on the differences in serum
IgE between these 3 different patient groups (24). In addition, the
status of immunosuppression mostly prevented these increases in
IgE* and tryptase* cells in atopic, but not in non-atopic subjects.
In comparison to tryptase* cells, IgE* cells showed a stronger pos-
itive association with the severity of forearm photodamage in
both correlation and univariate regression analyses. The strong
correlation between IgE* and tryptase* cells suggests that trypt-
ase* mast cells constitute the predominant cell type expressing
IgE, though dermal dendritic cells may express IgE, too (22).
Previously, an experimental study found that a DNA damage in
mouse skin induced by an environmental carcinogen initiates
stress surveillance by ySTCR-positive intraepithelial lymphocytes,
an autoreactive IgE response, and consequent protection against
carcinogenesis. UV-irradiation was reported to induce an IgE
response, too. Repeated exposure to the carcinogen led to the
development of papillomas and SCCs as well as rising serum IgE
followed by accumulation of IgE in acutely damaged skin and
tumors, in which IgE bound mainly to FceRI on basophils (26). The
dermal IgE identified in this study represents total IgE, not an
antigen-specific one. The ratio of IgE to tryptase in the forearm
and upper arm skin as well as IgE* cells in the upper arm skin
correlated significantly to the serum level of total IgE. It is not
known whether this serum or dermal IgE is protumorigenic or
antitumorigenic or whether it contains an IgE molecule that recog-
nizes a specific antigen in the photodamaged skin. However, the
results suggest that the more photodamage is caused by solar UV
light the more extensive is the IgE response in the serum and
damaged forearm skin. The age, male gender, skin cancer risk
class, smoking and outdoor working history were found to be risk
factors for the forearm photodamage, too, but this is expectable.

A higher number of intralesional tryptase* cells has previously
been connected to a better survival rate in deeply invasive mela-
nomas and a less advanced stage in superficially invasive melano-
mas (31). In the BCC lesion, tryptase* mast cells are increased in
number (41). In SCC, the number of tryptase™ mast cells has been
reported to be lower in higher grades of SCC, though the result



was not statistically significant (42). In addition, the lower expres-
sion of FceRI* cells correlated to more severe SCC disease (26).
Therefore, both tryptase* and IgE* cells were studied in their rela-
tion to the subjects with a past or present history of skin cancer.
Nevertheless, there was no significant difference in these cell num-
bers or in the cellular ratio of forearm to arm skin with regard to
any skin cancer, BCC, SCC or melanoma. Therefore, these cellular
biomarkers in the photodamaged skin appear not to associate
with or predict skin cancers in this cross-sectional study setting.
The higher mast cell prevalence in the non-sun-exposed buttock
skin has been connected to higher risk for BCC (12). Significant
difference in dermal mast cell count in the buttock skin was not
observed when patients with a history of SCC were compared to
healthy control subjects (43). Like in the case of BCC, in patients
with a history of melanoma, the buttock skin mast cell count was
higher compared to control subjects (44). In the present study,
tryptase* and IgE* cell counts in the sun-protected skin did not
differ significantly between the subjects with and without BCC,
SCC, or melanoma.

The forearm/upper arm ratio of IgE* cells was higher in sub-
jects with a history of malignancy in ECS than in controls. A similar
higher ratio was seen in the case of SCC history, but only with a
borderline significance. In the logistic regression analysis of the
malignancy in ECS, the ratio of IgE* cells produced a significant
univariate OR 1.418. In the case of SCC, the OR 1.521 by IgE ratio
was significant, too. In the multivariate analysis on the malignancy
in ECS, the IgE ratio was not significant, but in the case of SCC,
the p-value remained significant with an even higher OR 3.875.

The association between serum IgE and cancer diagnosis has been
studied previously. IgE of over 35 kU/I had an inverse association with
cancer risk, but an effect on cancer survival was not seen (45). The
topical exposure to 7,12-dimethylbenz[a]anthracene has been noticed
to induce a unique autoreactive IgE response and knockout mice
without IgE response developed larger tumors more rapidly than mice
with normal IgE function (26). The studies by Weller et al. (27) and
Ferastraoaru et al. (28) also support the hypothesis of tumor-protective
effect of IgE. In this study, the dermal IgE may not just be a causal
factor for carcinogenesis, such as photodamage and SCC, because it
may also be interpreted to be an attempt for a tumor-protective reac-
tion by IgE. On the other hand, the outcome can depend on the type
of IgE, because carcinogen-induced autoreactive IgE showing unique
repertoire with specific VDJ rearrangements and CDRH3 characteristics
can be tumor-protective, whereas chronic inflammation can induce a
polyclonal IgE response with natural specificity and repertoire that
may promote carcinogenesis (26,46). Therefore, the blocking of IgE
response in chronically inflamed skin might be beneficial to prevent
carcinogenesis.

In conclusion, mast cells, tryptase and IgE are involved in skin
photodamage and carcinogenesis toward the SCC line of lesions.
However, it is unclear whether the dermal IgE is a causal factor for
carcinogenesis or, in fact, is related to tumor-protective response.
Future research should be focused on a possible antigen-specific
IgE in carcinogenetic environment. In light with this aim, recent
studies suggest that a tumor antigen-specific IgE can be utilized in
cancer immunotherapy, including melanoma (47-49).
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