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Abstract

Background: It would be a benefit if time-saving, non-invasive methods could give hints for
diagnosing systemic sclerosis. To investigate the skin of patients with systemic sclerosis using
confocal laser scanning microscopy in vivo and to develop histometric parameters to describe
characteristic cutaneous changes of systemic sclerosis observed by this new technique, we
conducted an exploratory study.

Materials and Methods: Fifteen patients with systemic sclerosis treated with extracorporal
photopheresis were compared with |5 healthy volunteers and 10 patients with other disorders
also treated with extracorporal photopheresis. All subjects were investigated using confocal laser
scanning microscopy in vivo.

Results: Micromorphologic characteristics of skin of patients with systemic sclerosis and
measuring parameters for melanisation, epidermal hypotrophy, and fibrosis for dislocation of
capillaries by collagen deposits in the papillary dermis were evaluated. An interesting finding was an
increased thickness of the tissue in the dermal papillae superior to the first dermal papilla vessel. It
was also possible to reproduce characteristic histologic features by confocal laser scanning
microscopy in vivo. Histometric parameters for fibrosis and vascular features developed in this
study showed significant differences in patients with systemic sclerosis compared to controls.

Conclusions: Although the predominant histopathological features in systemic sclerosis are
findings of the reticular dermis and the subcutis, and in histopathological investigation the epidermis
seems to remain unaffected by the disease, we have demonstrate some characteristic differences
in the epidermis and papillary dermis by confocal laser scanning microscopy in vivo. Some of them
have not been described so far. However, to use this technique as a tool for diagnosis and/or
staging of systemic sclerosis, further studies are needed investigating the sensitivity and specificity
of the histometric parameters developed in this study.
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Background

Systemic sclerosis (SSc) is a rare chronic disease of un-
known origin, associated with a high morbidity and mor-
tality. It is characterised by excessive deposition of
collagen in all involved organs. This leads to sclerosis of
the skin and fibrosis in internal organs (e.g., gastrointesti-
nal tract, lungs, kidneys), which often determine the prog-
nosis of the disease. The pathology of connective tissues is
similar in localized scleroderma and SSc [1,2]. Two stages
have been described in the development of scleroderma-
tous skin: an early cellular stage and a fibrotic stage [3].
Diagnosis of SSc is based mainly on clinical features and
the pattern of antibodies and is difficult in early stages.
Therefore it would be a benefit, if time-saving, non-inva-
sive methods could give hints for diagnosing SSc.

In vivo confocal laser scanning microscopy (CLSM) is a
new non-invasive microscopy technique with high resolu-
tion at a specific depth allowing to image skin on a cellu-
lar level in real-time with a penetration depth of about
200 um to 250 pum [4]. Contrast is based on reflection at
interfaces between two media of different refraction indi-
ces. Confocal images are orientated parallel to the skin
surface (en face). It has been recently shown that CLSM is
a feasible tool for microscopic analysis of skin morphom-
etry in vivo [5-9]. It should be noted in this context, that
CLSM allows to study tissues without artefacts by dehy-
dration, fixation and staining of the tissue and that it of-

fers the unique possibility to study the vasculature of the
skin with blood flow in ist three-dimensional pattern. Mi-
cromorphologic changes in live human skin of patients
with SSc viewed by CLSM have not been reported so far.
This exploratory study was conducted to investigate mi-
cromorphologic characteristics of skin in patients with SSc
and in healthy persons using CLSM and to develop histo-
metric parameters to describe the differences in vivo. To
be sure that the differences between the diseased and the
healthy population are not caused by extracorporeal pho-
tophoresis (EcP), the therapy the SSc patients were treated
with, a second control group, composed of patients re-
ceiving the same therapy for another disease, was investi-
gated.

Methods

Subjects

Fifteen patients (13 females/ two males; median age: 54;
range: 26-70) with SSc were included into the study after
signed informed consent. Inclusionary criterion consisted
of cutaneous involvement of the forearms. Since corticos-
teroids, which are often used in therapy of SSc, show dra-
matic effects on histometric parameters of the skin, we
investigated a group of patients with SSc that were mainly
treated with extracorporeal photophoresis (EcP). The pa-
tients fulfilled the preliminary criteria for SSc proposed by
the American College of Rheumatology [10]; they were

Table |I: Characteristics of 15 patients with SSc and data of CLSM in vivo

No. Sex Age Duration SSc type? Reduction of ~ Pulmonary Renal Esophagus  EcP (sessions) PC
(years) of disease hand mobility involvement involvement involvement
(years)
| f 45 9 diffuse +) - - + 80 X
2 f 31 2 diffuse® + ++ - - 19 X
3 m 36 3 diffuse + + - + 13 18,2
4 f 47 | diffuse - + - +) 7 15,7
5 f 54 I diffuse - + + ++ n 22,2
6 f 60 4 diffuse - ++ + + 15 14,0
7 m 56 4 diffuse + - - ) 34 15,0
8 f 56 3 diffuse +) - + ++ 10 18,0
9 f 32 | limited - - - - 3 18,3
10 f 68 | limited +) - - - I 18,2
I f 60 2 limited - - - - 8 X
12 f 70 | diffuse (+) ++ - + 4 22,7
13 f 26 9 diffuse + ++ - ++ 3 47,4
14 f 6l 5 diffuse + ++ - ++ 35 24,4
I5 f 54 21 diffuse + + - ++ | 28,8
“CREST syndrome; # EcP combined with azathioprine and prednisolone; scoring: none = -, mild = (+), moderate = +, severe = ++; x = not investi-
gated
Page 2 of 6

(page number not for citation purposes)



BMC Dermatology 2002, 2

grouped according to the classification system by LeRoy et
al. [11]; three patients had limited type, and twelve pa-
tients had diffuse type of SSc. The median duration of dis-
ease was three years (range: 1-21). The patients' profiles
are summarized in detail in Table 1. In all patients, EcP
was performed with UVAR Photopheresis Equipment
(Therakos LtD, West Chester, Pa), as described before in
detail [12]. EcP sessions were performed on two consecu-
tive days a months. In three cases (patient no.: 2, 7, 14)
EcP was combined with 200 mg azathioprine plus 5 mg
prednisolone per day.

In addition, 15 healthy volunteers (14 female, one male),
median age 50 (range: 23-75) served as a control group.
Ten patients getting EcP treatment because of other diseas-
es (six patients with atopic dermatitis, one patient with
graft versus host reaction, two patients with T-cell lym-
phoma, one patient with dermatomyositis, median age
36, range 22 - 72) served as a second control group for
some of the parameters measured. Written informed con-
sent was obtained from all subjects prior to participation
in this study.

In vivo confocal laser scanning microscopy (CLSM)

A commercially available CLSM (Vivascope 1000; Lucid
Inc, Henrietta, NY; [http://www.lucid-tech.com] was used
for in vivo confocal laser scanning microscopy. This mi-
croscope uses a 830 nm gallium-arsenid laser operating at
a power less than 30 mW at the tissue surface and a water
immersion objective. Detailed description of the confocal
microscope has also been reported previously [4,13]. The
Vivascope 1000 allows to image skin to a depth of 200 pm
in vivo, non-invasively with a lateral resolution of 0.4 um
and 1.9 um horizontal. With 20 images per second it is
possible to study the epidermis and papillary dermis on a
cellular level in real-time-imaging. The field of view shows
128 um x 260 pm. In all subjects all measurements were
performed on a skin site of 1.5 mm x 1.5 mmright in the
middle of the right ventral forearm.

Additionally to the investigation of the morphology of the
tissue the following parameters were assessed histomor-
phometrically: The thickness of stratum corneum (DSC),
measured from skin surface to the first recognizable nucle-
us in the granular layer [14]. The minimal thickness of ep-
idermis (E.,;,), measured as the distance between skin
surface and the most apical recognizable dermal structure;
four measurements per patient were performed for DSC
and E,in[14]. The contrast between stratum basale and
stratum spinosum - a semiquantitative parameter for
melanin content (MI) [15]. At least 10 calculations per pa-
tient were performed from images captured during the in-
vestigation. The dermal reflectivity index (DI), the
contrast between stratum spinosum and papillary dermis
is a parameter for the reflectivity of dermis.

http://www.biomedcentral.com/1471-5945/2/8

Figure |

Virtual section through the skin of a SSc patient (a) and of a
healthy volunteer (b) at the height of the epidermal-dermal
junction. The basal layer appears as bright circles (due to the
strong reflection of melanosomes) around dermal papillae
(*). These circles are surrounded by spinous layer (arrow-
head), which exhibits a brighter aspect than the dermal tissue
normally, but not so in the SSc patient due to fibrosis.

Ten measurements per patient were performed. The inten-
sities of MI and DI were assessed from captured images of
the skin with the focus plane at the height of the epider-
mal-dermal junction by the aid of the image analysis soft-
ware (IMAGE TOOL, UTHSCA, San Antonio). These
relative parameters were developed because the absolute
intensity of the structures depends on the other factors
such as the reflectiveness and thickness of the horny layer,
where light is absorbed and scattered in a varying amount
and the signals from deeper structures are influenced. By
comparing the intensity of the basal layer or papillary der-
mis with the quite stable signal of the surrounding
spinous layer, changes in the amount of melanosomes
and collagen, the main substances or particles in the basal
layer and the dermis providing reflection can be estimated
[14,16].
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The distance between the top of the dermal papillae and
the capillary with visible blood flow (PC) was measured
by means of the micronscrew in five papillae per patient,
but only in twelve out of fifteen patients with SSc investi-
gated as the parameters PC and DI were developed during
this study.

Statistics

Results are expressed as means + SD. Statistical signifi-
cance of the data was calculated by using the two-tailed
Student's t test to determine the difference between the
mean values of the micromorphometric measurements
obtained in patients with SSc and healthy subjects. P val-
ues of less than 0.05 were considered significant. As PC
was not normally distributed in the SSc group of patients,
a Mann-Whitney rank sum test was used to calculate the
statistical significance of differences between the control
groups and the SSc group.

Results

In the skin of the SSc patients, the epidermis showed a
normal differentiation pattern. DSC showed no signifi-
cant (p = 0.36) difference between SSc (11.0 = 2.6 um)
and healthy skin (10.4 £ 2.0 um). In comparison to the
healthy controls (39.4 =+ 5.5 um) and the EcP control
group (37.1 £ 6.8 um) there was a significant increase (p
=0.049 and p = 0.025) for E;,, in SSc patients (44.0 £ 7.0
pm). There was no significant difference (p = 0.38) be-
tween the healthy control group and the EcP control
group. In the skin of the SSc patients, the basal layer sur-
rounding the dermal papillae, which were slightly in-
creased in number, showed a bright reflection and a
strong contrast compared with the surrounding spinous
layer. The MI was significantly higher (p = 0.0008) in the
group of SSc patients than in the control group (median
1.79 £ 0.24 compared to 1.33 £ 0.16). No significant dif-
ferences could be found between the EcP control group
(1.54 £ 0.32) and either the SSc group (p = 0.07) or the
healthy control (p = 0.32).

In the papillary dermis of the healthy control group a net-
work of collagen fibers could be observed. Bundles of fib-
ers showed a brighter reflection than the surrounding
matrix. Compared to the images of the control groups, the
papillary dermis in the skin of the SSc patients showed a
higher reflectivity and appeared more homogenous (Fig.
1), only few discrete collagen fiber bundles could be dis-
tinguished from the surrounding. The dermal papillae ex-
hibited nearly the same level of reflectiveness as the
surrounding spinous layer. In contrast, in healthy skin,
they were less reflective than the tissue in the spinous lay-
er. DI was significantly increased in the disease group
compared to both of the control groups [1.06 £ 0.20 in
the SSc patients compared to 0.59 + 0.10 in the healthy
control group (p < 10-¢) and 0.52 £ 0.15 in the EcP group

http://www.biomedcentral.com/1471-5945/2/8
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Figure 2

The distance between the top of the dermal papillae and a
capillary showing blood flow (PC) is increased in the skin of
SSc patients. None of the SSc patients showed PC distances
in the range of the control groups.

(p < 10°%)]. No significant difference was found between
the two control groups (p = 0.27).

The distance between the top of the dermal papillae and
the capillary loop with blood flow was significantly in-
creased to 18.1 pm in median with an higher quartile at
22.7 um and a lower quartile at 18.0 um in the SSc pa-
tients compared to 4.8 pum £ 0,9 um in the healthy control
group (p < 0.001) and 4.6 + 1.3 um in the EcP control
group (p < 0.001) (Fig. 2). No significant difference could
be found between both control groups (p = 0.74). Vessels
at the height of the upper dermal plexus were often nar-
rowed in their lumina and showed a decreased speed of
blood flow. The surrounding tissue showed a strong re-
flection. Occasionally, tortuous, multiple cappillaries
with a slightly increased diameter could be observed in a
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Figure 3

A dermal papilla in the skin of a SSc patient in 55 um (a) and
65 um (b) depth. Tortuous, multiple cappillaries showing
dark vessel walls and bright blood cells in the lumina (arrows)
could be observed in a dermal papillae in the skin of SSc
patients, whereas in the control groups, only one capillary
loop per papillae could be found.

dermal papillae (Fig. 3), whereas in the control groups,
only one capillary loop per papillae could be observed.

Discussion

Although the epidermis of patients with SSc is generally
rather unaffected in histopathological investigation [17],
in late stages a dissappearance of the rete ridges can be ob-
served occasionally [17]. This might be the explanation
for the increase in the minimal epidermal thickness in SSc
patients compared to the healthy control group, as this
parameter is influenced by the height of the epidermal-
dermal junction. It increases, for example, with age, too,
when the epidermal-dermal junction flattens (as we have
described before) and therefore the significant difference

http://www.biomedcentral.com/1471-5945/2/8

between the minimal epidermal thickness in the SSc
group and the younger EcP control group could be at least
in part due to the difference in age [14]. The differences
between the healthy control group and the SSc patients
can not be explained by this effect.

The increased reflectivity of the basal layer measured by
the MI in the SSc group could reflect the hyperpigmenta-
tion due to the chronic inflammation of the skin of these
patients. Although postinflammatory hyperpigmentation
is characterized in histological sections by loss of melanin
into the dermis, which would probably not influence this
parameter, there seems to be an activation of melanocytes
leading to a higher amount of melanosomes in the basal
layer, too. As this occured in the skin of patients of the EcP
control group with atopic dermatitis, too, it does not sur-
prise, that the MI in this control group showed a large var-
iation and no level of significance for the difference from
the two other groups investigated could be achieved (p =
0.07). Anyway, there is no proof that the hyperpigmenta-
tion is not at least in part due to the increased light sensi-
tivity induced by psoralens, taken up during EcP.

In the papillary dermis of healthy volunteers, collagen fib-
ers appear as a loosely arranged, medium bright network
in confocal images. The more homogenous appearance
and brighter reflection in the papillary dermis of the SSc
patients may be due to a different arrangement and an in-
crease of collagen fibers. The fibrosis of the papillary der-
mis can be measured semiquantitatively by the relative
reflectiveness of the dermis (DI). It is unlikely that these
features are due to therapy by EcP as the control group of
patients treated with EcP did not show similar features ei-
ther.

Restriction of the blood flow in the lumina of the vessels
in the reticular dermis by fibrotic walls and a reduction of
the number of vessels in the fibrotic collagen are common
histopathological features in SSc [17]. The increase of PC
reflects this restriction of blood vessels by fibrosis. There
seems to be a cap of collagen built up in the tops of the
dermal papillae, seperating the capillaries from the epi-
dermis. The decreased perfusion of the tissue may lead to
hypoxia and frustrane angiogenesis, which could result in
the multiple capillaries coils observed occasionally [18].
As all SSc patients investigated showed dramatic increase
in PC, the distance between the top of the dermal papillae
and a capillary with blood flow, PC seems to be a sensitive
parameter for diagnosing SSc. No member of the control
groups exhibited data in a similar, high range of this pa-
rameter. However, there is a need for further prospective
studies to investigate its promising specificity. As the pa-
tients (number 13, 14 and 15) with severe involvement of
the pulmonary function and the esophagus and patient
nunber 5 with mild disturbance of the pulmonary func-
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tion and severe involvement of the esophagus all got the
feature of a relatively high PC, this parameter could possi-
bly serve as a non-invasive method in staging of the fibro-
sis and controlling disease advance and effectiveness of
therapy, too.

Conclusions

Although the predominant histopathological findings of
SSc are features of the reticular dermis and the subcutis,
and in histopathological investigation the epidermis
seems to stay unaffected by the disease [17], we have
shown some characteristic differences in the epidermis
and papillary dermis by CLSM in vivo. Further studies are
needed to investigate the sensitivity and specificity of the
differences observed, especially of PC and DI, in order to
use in vivo CLSM as a tool for diagnosis and/or staging of
SSc. Although this study can only be the first step in the
long process of diagnostic evaluation of the morphologi-
cal characteristics, we would like to postulate that CLSM is
well suitable for histometric studies on skin - it permits
repetitive investigations, and it is a promising technique
for dermatological research.
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