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A skin in situ immune cell detection kit for the diagnosis and
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Background: Although lupus can be diagnosed by first impression, medical history, physical examination,
pathological analysis and laboratory tests, the accurate classification of cutaneous lupus erythematosus (LE)
is still a major challenge in the clinic, which might mislead the selection of treatments and miss the right
time for the administration of therapies. The goal of this study was to establish a novel kit to assist with the
diagnosis and classification of cutaneous lupus.

Methods: Sixty-five patients from three hospitals were included in this study, including 50 patients with
LE and other similar skin diseases. We invited two dermatology specialists to make an accurate diagnosis
of the subtypes of lupus based on the patient’s clinical features, laboratory examination tests, pathology
manifestation analysis, medical treatments and follow-up records. Then, we used their diagnosis results
as a standard to which we successively compared the consistency of each step of our diagnosis processes,
including impression diagnosis, pathology diagnosis, the combined consideration of the former two
diagnostic analyses, and the results of an iz situ immune cell detection kit to assist in arriving at a judgement.
Results: By Cohen’s kappa analysis, we found that the results of the i situ immune cell detection kit had
the highest consistency with the diagnoses of the two specialists, both for the diagnosis (k=0.921) and for
the classification of cutaneous lupus (k=0.940). In addition, this kit enhanced the LE classification accuracy
by 36.3% compared with the diagnostic accuracy of impression diagnosis combined with only pathological
analysis.

Conclusions: This skin /7 sifu immune cell detection kit may assist doctors in achieving a higher diagnostic

performance and price ratio and enhance their diagnostic efficiency.
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Introduction

Lupus is an autoimmune disease with highly heterogeneous
symptoms, and one of its noteworthy features is its diverse
manifestation of skin lesions; together, these conditions
are referred to as cutaneous lupus erythematosus (CLE).
According to its speed of onset, CLE is generally classified
as chronic cutaneous lupus erythematosus (CCLE), subacute
cutaneous lupus erythematosus (SCLE) and acute cutaneous
lupus erythematosus (ACLE) (1-3). In the early stages of
lupus, the lesions are mostly nonspecific erythema and then
they develop different manifestations over time. Owing to
the complex and variable skin damage, it is difficult for less
experienced dermatologists and young dermatologists to
differentiate lupus from other diseases, which show similar
lesions such as lichen planus, erythema multiforme, and
granuloma annulare. Moreover, pathological analysis of skin
biopsy is the gold standard in the diagnosis of cutaneous
lupus. However, in addition to the rich working experience
and excellent professional skills required for pathologists,
in the real world of clinical use, pathologic analysis alone
is often insufficient to make the correct classification of
lupus. Many cases of lupus classification are only confirmed
after double checking the development of the disease and
following up the patients (4).

It is critical to classify the subtypes of cutaneous lupus
due to the different therapeutic strategies applied for
each type. Discoid lupus erythematosus (DLE), the most
common type of CCLE, often causes a scarring discoid-
like lesion on the face that can linger for a prolonged
period, and failure of treatment can result in permanent
scarring and hypopigmentation. It is extremely important
for dermatologists to diagnose this early because early
and effective intervention can promote the resolution
of established lesions and prevent scarring in a timely
manner (5).

In recent years, there have also been accumulated reports
on the association of SCLE with systemic diseases. Up to
15% of patients with SCLE can be complicated by internal
disease. Some SCLE patients may develop serious internal
manifestations of Sjogren’s, such as pulmonary or neurologic
disease, because of the strong correlation between anti-Ro/
SSA autoantibodies and the risk of Sjégren’s (6). In addition,
it has been reported that up to 30% of SCLE cases are
drug-induced, which is characterized by a higher risk of
systemic involvement and an older age at onset (7,8).

Clinically, ACLE is the cutaneous manifestation of
systemic lupus erythematosus (SLE). SLE patients usually
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manifest complicated clinical symptoms such as fever, and
multiple systems are involved, including the skin, kidney and
joints. Moreover, some SLE patients can be complicated
by other autoimmune diseases, such as antiphospholipid
syndrome, Raynaud’s syndrome, rheumatoid arthritis and
dermatomyositis. Compared with DLE and SCLE, once
SLE is suspected, a more detailed examination, closer
attention to the risk of renal damage, and longer-term
follow-up are necessary (9,10). Overall, each type of lupus
needs different behavioral interventions and topical and
systemic medications (11).

Generally, what we can see from HE staining is the basic
structure and the distribution of cells in different shapes,
but it is difficult to distinguish different immune cells as
they look similar in shape. LE is an autoimmune disease
with abnormal lymphocyte proliferation with autoactivated
T and B cells (12), and thus it is significant that we show
a map of immune cell distribution in lupus lesions. As one
of the most common techniques in biology and medicine
with well-established methods, the utilization of multiple
immunohistochemistry (IHC) staining has enabled us
to discover specific information on proteins within the
tissue and traits that cannot be fully detected by simple
HE staining of biopsies of LE skin lesions, especially the
morphological features of how a variety of immune cells
are distributed. Furthermore, it has been reported that
increased B cells are found in sites of chronic inflammation,
while in the acute damage response, the rapid migration and
proliferation of T cells dominates (13). The composition
and distribution of T cells and B cells should be different in
different degrees of skin injuries of lupus.

Accurate pathologic diagnosis is essential for the
differential diagnosis of cutaneous lesions of lupus. The
multiplicity of skin damage and complexity of lupus
disease can lead to misdiagnoses between different LE
subtypes or other connective tissue diseases, which may
lead to improper treatment. Here, we developed a skin
in situ immune cell (CD4" and CD19%) detection kit that
could improve the diagnostic efficiency and lead to a more
prompt diagnosis of lupus. Based on the urgent need for
personalized and precise medicine, both patients and
doctors are desperate for a more reliable way to classify
LE into specific subtypes. This skin iz sitfu immune cell
detection kit may provide a more convenient approach
with higher diagnostic performance to enhance diagnostic
efficiency for lupus.

We present the study in accordance with the STARD
reporting checklist (available at http://dx.doi.org/10.21037/
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atm-21-959).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). All human
studies were approved by the ethics committee of the
Second Xiangya Hospital of Central South University (No.
201930044). We obtained written informed consent from
all subjects. This study was reviewed and approved by the
Ethics Committee and carried out in strict accordance with
the approved research protocol.

Sample collection and study approval

Our study group contained 65 patients, all of whom were
randomly selected from among patients who were suspected
of having lupus based on clinical impressions or pathological
opinions and had complete pathology examination records
and clinical data (the eligibility criteria and exclusion criteria
are shown in Figure I). These patients were retrospectively
recruited from outpatient dermatology clinics and inpatient
wards over the past 5 years from the Department of
Dermatology, The Second Xiangya Hospital, Central
South University; the Department of Dermatology, The
Third Xiangya Hospital, Central South University; and the
Department of Dermatology, Hei Long Jiang Provincial
Hospital, China. All patients were clinically diagnosed and
untreated at the time the biopsy was taken. Paraffin sections
of 4-6 pm were prepared from the skin biopsies of these
patients (sun-exposed areas of lesional skin).

Diagnostic steps

Based on the clinical features, laboratory tests, pathological
analysis, medical treatments and follow-up records that
we collected retrospectively, two specialists of the Second
Xiangya Hospital made an accurate diagnosis of the
subtypes of lupus together. The diagnostic results were
used as the gold standard in the analysis of Cohen’s kappa.
Clinically, dermatologists diagnose these diseases by their
“first impression”, which is mainly based on the case history,
physical examination findings and their medical experience.
We collected the first impression diagnosis of doctors
from the three hospitals by checking the diagnosis in the
pathological examination report.

Pathologists at the three hospitals made pathologic
diagnoses depending on the results of HE staining and
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lupus band tests. The first corrected diagnosis made by
doctors is based on the pathologists’ report along with
their own first impression. The second corrected diagnosis
made by doctors is based on the receipt reports from
pathologists, the analysis results of the skin #z sitw Immune
Cell Detection Kit, along with their first impression (the
detailed diagnostic flow is shown in Figure I).

Paraffin sections stained by the skin in situ immune cell
detection kit

Pressure cooker antigen repair was performed for
7 minutes in antigen retrieval buffer. The area of skin
tissue was covered with blocking buffer for 10 min at room
temperature. Slides were incubated in anti-CD4 working
solution for 1 hour, and subsequently with polymer HRP
secondary antibodies for 20 min, and finally placed in dying
A solution for 20 min. Antibody elution was performed
through a high-pressure method. Then, the slides were
incubated in anti-CD19 working solution for 1 hour,
subsequently with polymer HRP secondary antibodies for
20 min, and finally placed in dying B solution for 20 min.
DAPI working solution was applied for 5 min at room
temperature, and then the slices were sealed and examined
with a microscope. Antigen retrieval buffer, blocking
buffer, anti-CD4 working solution, anti-CD19 working
solution, polymer HRP secondary antibodies, dying A
solution and dying B solution were all obtained from
the skin in situ immune cell detection kit provided by
Guangzhou LBP Medicine Science & Technology Co., Ltd.

Statistical analysis

The data in this study were analyzed with SPSS 23.0. We
used the consistency test (Kappa analysis) to compare the
different diagnoses with the gold standard diagnosis. When
the kappa value was lower than 0.4, the accuracy of this kind
of diagnosis is poor. When the kappa value is between 0.41
and 0.60, there are some differences between this type of
diagnosis and the gold standard diagnosis. When the kappa
value is between 0.61 and 0.80, the accuracy of this kind of
diagnosis is good but can still be improved. When the kappa
value is between 0.81 and 1.00, this kind of diagnosis is
very close to the gold standard diagnosis (14). To assess the
ability of the skin 7z situ immune cell detection kit to classify
lupus, receiver operating characteristic (ROC) curves were
plotted to determine the critical value of each type of lupus.
The area under the ROC curves (AUC) was obtained to
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Used to have pathological examination
Suspected with lupus by clinical or pathological opinions

i

Potentially eligible participants (n=77)

Excluded (n=12)
missing clinical data
refused informed consent

»
»

Eligible participants (n=65)

Diagnosis flow

Step 1 impression diagnosis

Step 2 impression & pathology diagnosis (1st corrected diagnosis)
Step 3 impression & pathology diagnosis & skin in-situ immne cell
detection kit (2nd corrected diagnosis)

Figure 1 Flow of participants. Patients suspected of having lupus

>

Golden Standard
Cohen’s
A combined diagnosis of clinical features, laboratory test,
pathological analysis, medical treatments and follow-up records
by 2 specialists together

test

in the clinic were excluded by their failure to complete any one of the

clinical tests for lupus, insufficient clinical data or refused informed consent.

reflect the overall accuracy. When the P value was lower
than 0.05, the data were considered statistically significant.

Results

The number of CD4" and CD19" cells in situ serves as a
referable guide for lupus classification

After trials on some lupus skin biopsy tissues, we tested the
performance of an iz situ immune cell detection kit and
observed subtle differences in the immune cell distribution
and cell numbers (Figure 24). We then enrolled patients
with DLE (n=18), SCLE (n=18) and ACLE (n=18), all
of whom had a rather typical clinical manifestation and a
comprehensive diagnosis, and performed an immune-cell-
count analysis by comparing the percentage of CD4" and
CD19" cell counts over the karyocyte counts among the
three groups. The ROC curves (Figure 2B) and the AUC
indicate that comparing CD4" and CD19" cell percentages
can be an effective way to differentiate subtypes of lupus.
Because of the proliferation of autoreactive T and B cells
in situ, CD4" and CD19" cell infiltration in DLE skin lesions
is more intensive than that in SCLE and SLE, which makes
it easy to rule out DLE from other common lupus subtypes.
If the CD4"% + CD19"% of karyocytes in a case was lower
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than 49.99%, there was a strong possibility that it was not
DLE (sensitivity =83.33%, specificity =91.67%). If it was
between 27.25% and 49.99%, it was likely to be an SCLE
case. If it was lower than 27.25%, a diagnosis of ACLE was
considered (sensitivity =88.89%, specificity =66.67%). In
addition, the morphology and distribution of the immune
cells can be another way to explore the differences among
LE subtypes. In DLE, immune cells can form CD19+
cell clusters around cutaneous appendages, while in SLE,
immune cells are more scattered around the vessels. These
features are noteworthy and have the potential to work as
an assistive diagnosis for LE classification.

To determine how much the skin iz siru immune cell
detection kit can aid in the pathological diagnosis of LE
subtype classification statistically, we conducted a Cohen’s
kappa analysis to compare each set of results with the
gold standard diagnosis (a comprehensive assessment of
their clinical manifestation, medical history and reports,
pathology report and long-term follow-up). The results
shown in 7able 1 indicate that diagnosis using the skin in situ
immune cell detection kit (k=0.727) shares a higher
consistency with the gold standard than the pathology
diagnosis (k=0.409) alone. The problem with the typical
pathology diagnosis is that it cannot identify the specific LE
subtype, while when using the kit, the total accuracy rate
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Figure 2 The performance of the skin iz situ immune cell detection kit for LE classification. (A) The utility of a skin  situ immune cell
detection kit to help identify CD4" cells (red) and CD19" cells (green) and cell nuclei (blue) in skin tissue, and the immune cell distribution
and counts show differences among DLE, SCLE, and SLE. (B) Using the percentage of CD4" and CD19" cells over karyocytes. Scale bar
represents 100 pm. ROC analysis was performed to distinguish DLE from SCLE and SLE (upper, AUC =0.900) and to distinguish SCLE
from SLE (lower, AUC =0.731).

of DLE diagnosis increased from 51.85% to 81.48% (DLE detection kit can assist in differentiating LE from a mix of
from 72.22% to 94.44%, SCLE from 50.00% to 77.77%, lupus-like diseases
SLE from 33.33% to 72.22%). In summary, the skin in situ

immune cell detection kit can serve as a novel method to
improve the pathological LE classification. randomly recruited 65 patients from 3 different hospitals,

The combined application of an in situ immune cell and their demographic characteristics are detailed in Table 2.

To further test the skin 7z situ immune cell detection kit, we
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Table 1 Skin in-situ immune cell detection kit can aid pathology diagnosis on LE classification

Comprehensive diagnosis

Variable Total Kappa value P value
DLE? SCLE® SLE®
Pathology diagnosis
DLE" 13 0 0 13 0.409 0.000
SCLE® 1 9 0 10
SLE® 0 1 6 7
Undefined LE subtypes® 4 7 12 23
Other types of erythema lesions® 0 1 0 1
Total 18 18 18 54
A combination of pathology diagnosis & skin in situ immune cell detection kit
DLE? 17 1 0 18 0.727 0.000
SCLE® 1 14 3 18
SLE® 0 3 13 16
Undefined LE subtypes® 0 0 2 2
Other types of erythema lesions® 0 0 0 0
Total 18 18 18 54

° discoid lupus erythematosus; b, subacute cutaneous lupus erythematosus; ° systemic lupus erythematosus; d, diagnosis pointing to LE
but quite ambiguous on LE subtypes; °, other types of erythema lesion including eczema, etc.

Table 2 Demographic characteristics of 65 patients

Characteristics Statistics
Sex, No. male/female 19/46
Age, mean + SD years 42.28+15.75

Hematologic involvement, n (%) 29.23% (19/65)

Renal involvement, n (%) 16.92% (11/65)

SLEDAI score >4, n (%) 38.46% (25/65)

A total of 65 lesions were comprehensively diagnosed (based
on the patients’ clinical manifestation, medical history and
reports, and pathology report along with long-term follow-
up) by at least two experienced dermatology specialists
and were classified into 50 cases of lupus erythematosus
(LE), 8 lichen planus (LP), 3 granuloma annulare (GA)
and 1 case each vasculitis, erythema annulare centrifugum
(EAC), rosacea and lymphoma. We then used this
diagnosis as the gold standard and compared the pathology
diagnostic accuracy to a combination of pathology and
skin 7z situ immune cell detection kit diagnosis accuracy
for distinguishing among these conditions. Our statistical
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results showed that the accuracy of pathologists in
distinguishing LE was 74.00% (37/50, sensitivity =74.00%,
specificity =100.00%). With the kit, the accuracy was
enhanced to 98.00% (49/50, sensitivity =98.00%, specificity
=93.33%). In conclusion, the skin iz situ immune cell
detection kit can help pathologists identify LE by increasing
the sensitivity.

However, in hospitals, the diagnosis of LE must come
from an overall consideration. To simulate clinical practice,
we successively compared the consistency of each step of
our diagnosis processes, including impression diagnosis,
pathology diagnosis, the combined consideration of the
former two methods, and adding the skin iz situ immune
cell detection kit to assist the judgments. The accuracy of
impression diagnosis was 67.6% (44/65), and the accuracy
of pathology diagnosis improved it to 75.3% (49/65).
Combined impression and pathology could improve this
accuracy to 92.3% (60/65), with only 5 cases left without a
correct or definite diagnosis. With the help of the skin in situ
immune cell detection kit, 60% (3/5) of the remaining cases
were correctly diagnosed. To test the statistical significance
of our results, we employed Cohen’s kappa analysis to
compare their consistency to the gold standard (Table 3).
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This demonstrated that the combined utility plus the skin
in situ immune cell detection kit has the highest consistency
with the gold standard, which provides a new approach to
distinguish lupus and similar diseases.

We can see from Table 3 that it is easy for dermatologists
to make an incorrect diagnosis at the first impression. With
its diverse manifestations, lupus can be mixed with LP, GA,
EAC, lymphoma or other related diseases, such as erythema
multiforme, solar dermatitis, eczema, etc. Pathologists do
not always give a specific judgment toward lupus but rather
do not rule it out from among other connective tissue
diseases, which also explains the relatively low sensitivity of
pathology diagnosis. As clinical dermatologists can consider
their opinion based upon the patients’ history of disease,
clinical manifestations and the pathological diagnosis
together, the accuracy of diagnosis can increase. However,
some remaining cases need to be subjected to a more
powerful approach for further diagnosis, and the use of a
skin 7z situ immune cell detection kit can make a difference
in this field and help to further distinguish subtypes of

lupus.

A buge step forward for LE classification with a skin
in situ immune cell detection kit

After a long period of follow-up of the patients’ progression
of their disease and their reactions to medication, 50 lupus
cases from Table 4 had their subtypes clearly diagnosed, and
the same statistical analysis was conducted for these cases to
figure out how far the skin iz situ immune cell detection kit
can go to identify subtypes of lupus.

As shown in Table 3, these 50 cases were made up of
DLE (n=17), SCLE (n=21) and SLE (n=11). In the first
step of impression diagnosis, each subtype of LE can
be mistaken for other subtypes or be thought of as an
uncertain lupus subtype. Only 44% (22/50) are properly
diagnosed, and it is harder to separate SCLE or SLE than
DLE. It is worth noting that the lowest consistency for the
right subtype diagnosis occurs among pathologists because
the pathology diagnosis can be ambiguous or vague
about lupus subtypes. However, even though they only
diagnosed 34% (17/50) of cases correctly to the specific to
lupus subtypes, there was only 1 case that they diagnosed
as other than lupus. Based on the pathology views, it
is easy to capture the core feature of LE, but it is quite
difficult to further divide them into subtypes. It also seems
a burden for clinicians to distinguish LE subtypes based
on impression and pathology diagnosis. With an accuracy
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of only 68% (34/50), many of the cases are classified as
uncertain LE subtypes, and difficulty occurs more often
when dermatologists need to separate SCLE from DLE or
to distinguish SLE from SCLE.

Surprisingly, after the auxiliary diagnosis of the kit,
the diagnostic accuracy reached 96% (48/50), as did its
consistency with the gold standard (k=0.940, P=0.000),
which means that the kit can effectively help distinguish
most lupus subtypes. In other words, this kit enhanced
the LE classification accuracy by 30% compared to the
diagnostic accuracy of impression diagnosis combined with
pathological analysis.

In Table 5, we listed the DLE, SCLE and SLE patients
separately to compare the performance of the combined
diagnosis of impression and pathology with and without the
skin 7z situ immune cell detection kit. From the upper table,
the diagnostic accuracy is 58.82% (10/17) without the skin
in situ immune cell detection kit. However, with the kit, we
can see that all 7 misdiagnosed DLE cases were corrected,
showing its great advantages in diagnosing DLE. In the
middle table, the kit also displayed its ability to recognize
characteristics of SCLE, as its accuracy [58.82% (20/21)]
was much higher than that without the kit [61.90% (13/21)].
However, in SLE, the diagnostic accuracy with or without
the kit seems about the same. A probable explanation for
this is that the diagnosis of SLE relies more on a systemic
assessment of the patient than pathology staining. When
systemic assessment does not meet the standard, it is
difficult for a skin iz situ immune cell detection kit to
provide further evidence.

Discussion

At present, there are no appropriate classification criteria or
auxiliary diagnostic kits for CLE. Clinically, the subtypes of
cutaneous lupus are classified according to their cutaneous
manifestations, histologic features, laboratory tests, and
special pathological analyses, such as lupus band tests (15).
Cutaneous histopathology is widely used in clinical
practice and is generally regarded as the gold standard for
the diagnosis of skin lesions of lupus (16). Our data show
that the pathology diagnosis has good specificity but poor
sensitivity, which may be because of the lack of specialized
clinical knowledge of dermatology and evidence from
the laboratory examination when the pathologists make
their diagnosis. The lupus band test, is a definitive test
to differentiate DLE from SLE, since positive staining
can be found in both the lesional and nonlesional skin of
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Table 3 Consistency test for diagnosis of LE to other related diseases

Variable Comprehensice diagnosis Total Kappa b value
LE® LP® GA° Vasculits ~ EAC® Rosacea Lymphoma value
Impressive diagnosis
LE® 38 1 2 0 0 0 1 42 0.341 0.000
Desmosis 0 0 0 0 0 0 0 0
LP® 1 5 0 0 0 0 0 6
GA° 1 0 0 0 0 0 0 1
Vasculitis 0 0 0 0 0 0 0 0
EAC’ 1 0 0 0 0 0 0 1
Rosacea 0 0 0 0 0 1 0 1
Lymphoma 1 0 0 0 0 0 0 1
Other types of 8 2 1 1 1 0 0 13
erythema lesions®
Total 50 8 3 1 1 1 1 65 - -
Pathology diagnosis
LE® 37 0 0 0 0 0 0 37 0.549 0.000
Desmosis 12 1 0 0 0 0 0 13
LP® 0 7 0 0 0 0 0 7
GA® 1 0 2 0 0 0 0 3
Vasculitis 0 0 0 1 0 0 0 1
EAC® 0 0 0 0 0 0 0 0
Rosacea 0 0 0 0 0 1 0 1
Lymphoma 0 0 0 0 0 0 1 1
Other types of 0 0 1 0 1 0 0 2
erythema lesions®
Total 50 8 3 1 1 1 1 65 - -
A combination of impressive & pathology diagnosis
LE® 49 1 0 0 0 0 0 50 0.805 0.000
Desmosis 0 0 0 0 0 0 0 0
LP° 0 6 0 0 0 0 0 6
GA° 0 0 2 0 0 0 0 2
Vasculitis 0 0 0 1 0 0 0 1
EAC® 0 0 0 0 0 0 0 0
Rosacea 0 0 0 0 0 1 0 1
Lymphoma 0 0 0 0 0 0 1 1
Other types of 1 1 1 0 1 0 0 4
erythema lesions®
Total 50 8 3 1 1 1 1 65 - -

Table 3 (continued)
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Table 3 (continued)

Variable Comprehensice diagnosis Total Kappa b value
LE LP® GA° Vasculitis EAC® Rosacea Lymphoma value
A combination of impressive & pathology diagnosis & skin in situ immune cell detection kit
LE® 50 0 0 0 0 0 0 50 0.921 0.000
Desmosis 0 0 0 0 0 0 0 0
LP® 0 8 0 0 0 0 0 8
GA® 0 0 2 0 0 0 0 2
Vasculitis 0 0 0 1 0 0 0 1
EAC’ 0 0 0 0 0 0 0 0
Rosacea 0 0 0 0 0 1 0 1
Lymphoma 0 0 0 0 0 0 1 1
Other types of 0 0 1 0 1 0 0 2
erythema lesions®
Total 50 8 3 1 1 1 1 65 - -

b . d . . .
° lupus erythematosus; , lichen planus; ° granuloma annulare; , erythema annulare; ° other types of erythema lesion including erythema
multiforme, solar dermatitis, eczema, etc.

Table 4 Consistency test for diagnosis of LE subtypes

Comprehensive diagnosis
Variable Total Kappa value P value
DLE® SCLE® SLE®

Impressive diagnosis

DLE® 9 2 0 1 0.308 0.000
SCLE® 2 8 1 11
SLE® 0 0 5 5
Undefined LE subtypes® 3 3 5 11
Other types of erythema lesions® 3 8 1 12
Total 17 21 12 50
Pathology diagnosis
DLE" 9 0 0 9 0.249 0.000
SCLE® 0 6 0 6
SLE® 0 0 2 2
Undefined LE subtypes® 8 14 10 32
Other types of erythema lesions® 0 1 0 1
Total 17 21 12 50
Table 4 (continued)
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Table 4 (continued)
Comprehensive diagnosis
Variable Total Kappa value P value
DLE® SCLE® SLE®
A combination of impressive & pathology diagnosis
DLE? 10 2 0 12 0.577 0.000
SCLE® 0 13 0 13
SLE® 0 0 11 11
Undefined LE subtypes* 7 6 1 14
Other types of erythema lesions® 0 0 0 0
Total 17 21 12 50
A combination of impressive & pathology diagnosis & skin in situ immune cell detection kit
DLE® 17 0 0 17 0.940 0.000
SCLE® 0 20 0 20
SLE® 0 0 11 11
Undefined LE subtypes® 0 1 1 2
Other types of erythema lesions® 0 0 0 0
Total 17 21 12 50

° discoid lupus erythematosus; b, subacute cutaneous lupus erythematosus; ° systemic lupus erythematosus; d, diagnosis pointing to LE
but quite ambiguous on LE subtypes; ° other types of erythema lesion including lichen planus, solar dermatitis, eczema, etc. DLE, discoid
lupus erythematosus; SCLE, subacute cutaneous lupus erythematosus; SLE, systemic lupus erythematosus.

SLE, while deposition of immune complexes only occurs
in skin damage from DLE. However, SCLE lesions show
a similar pattern of deposition of immune complexes. In
addition, false positives can also be encountered in rosacea,
rheumatoid arthritis, mixed connective tissue disease and
many other disorders. Therefore, the lupus bands test is
not an appropriate diagnostic and classification method for
lupus (17-19).

In this study, we demonstrated that a skin #z situ immune
cell detection kit can be effectively applied in the diagnosis
and classification of cutaneous lupus. In particular, our work
highlights that the skin iz situ immune cell detection kit
is able to aid the diagnosis of skin lesions of DLE, SCLE
and SLE, markedly improve the diagnostic accuracy and
prevent omissions. In our study, the results showed that,
for the first impression of dermatologists, the consistencies
with the accurate diagnosis and classification results of
lupus were poor (k=0.341). Similar to our results, previous
reports showed that the concordance rate of lupus
between the clinical diagnosis of dermatologists and the
pathologic diagnosis of pathologists was just 35.12% (20).
When combining impression and pathology results, the

© Annals of Translational Medicine. All rights reserved.

consistency is enhanced (k=0.805) but not as much as it is
improved by the utilization of the kit (k=0.921). In addition,
we proved the advantage of an 7z situ immune cell detection
kit in identifying DLE. SCLE and SLE identification had
the highest (96%) accuracy (k=0.940), which indicates a
new step forward in the field of precision medicine for
the diagnosis and differential diagnosis of lupus and its
subtypes.

Regrettably, this study still has several limitations.
First, only three hospitals with a total of 65 samples were
collected for research. Thus, the disease types might be
influenced by hospitalization bias and selection bias. Second,
the small sample size may lead to an overinterpretation of
the differences among these diagnosis results. In addition,
the results of HE staining and the skin iz sitw immune cell
detection kit need to be judged against human experience.
The subjective judgments will also introduce some bias.
The current study has shown that the ability of the skin
in situ immune cell detection kit to distinguish between
SCLE and SLE still needs to be improved. In general,
larger samples and multicenter research are necessary to
verify our results.
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Table 5 Display and comparison of diagnosis with or without in-situ immune cell detection kit

A combination of impressive &

A combination of impressive & pathology diagnosis & skin in situ immune cell detection kit

pathology diagnosis DLE SCLE SLE Undefined LE subtypes
DLE patients
DLE 10 0 0 0
SCLE 0 0 0 0
SLE 0 0 0 0
Undefined LE subtypes 7 0 0 0
Total 17 0 0 0
SCLE patients
DLE 0 2 0 0
SCLE 0 12 0 1
SLE 0 0 0 0
Undefined LE subtypes 0 6 0 0
Total 0 20 0 1
SLE patients
DLE 0 0 0 0
SCLE 0 0 0 0
SLE 0 0 10 0
Undefined LE subtypes 0 0 0 1
Total 0 0 10 1

DLE, discoid lupus erythematosus; SCLE, subacute cutaneous lupus erythematosus; SLE, systemic lupus erythematosus.
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