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Purpose: To examine the clinical and pathological features, laboratory markers, therapeutic options and risk factors indicating poor
prognosis of hydroa vacciniforme-like lymphoproliferative disorder (HVLPD).

Patients and Methods: Seven patients with HVLPD had their clinical and pathological data collected. Immunohistochemical
staining, Epstein-Barr virus-encoded RNA (EBER) in situ hybridization experiments, T-cell receptor (TCR) gene rearrangement, RT-
PCR tests and the Elisa assay were carried out.

Results: The main clinical manifestations were papulovesicular lesions and ulcers on the face, neck, or trunk. Five cases had systemic
symptoms. Three of the deceased patients had significant facial edema, deep body necrosis, and ulceration. The pathological results
demonstrated that lymphocytes infiltrated blood vessels and sweat glands in addition to the dermis and subcutaneous tissues. All
patients tested positive for CD3 and EBER. Six cases tested positive for TCRBF1, but none tested positive for TCRS. TCRy
monoclonal rearrangement, strongly positive expression of TIA-1 and a Ki67 proliferation index of 40% occurred in 3 fatal cases.
When compared to the survival group, the plasma EBV DNA in the deceased group was considerably higher (P<0.05). IFN-y and
TNF-a cytokine levels in patients were higher than in the control group, particularly in the deceased group (P<0.05). The skin lesions
on all patients recovered quickly underwent conservative care. Nonetheless, 3 patients passed away as the disease progressed in its
latter stages.

Conclusion: In our cases, the main infiltrating cells were T cells and the dominant lymphocyte subclass was afT cells. A significant
increase in 1gE level, plasma EBV DNA, IFN-y, and TNF-a cytokine levels, decreased hemoglobin level, strongly positive expression
of TIA-1, high Ki67 proliferation index, and positive TCR gene rearrangement are all indicators of a poor prognosis.

Keywords: hydroa vacciniforme-like lymphoproliferative disorder, hydroa vacciniforme, Epstein-Barr virus, Epstein-Barr virus-
encoded RNA, risk factors

Introduction

Mostly prevalent in eastern Asia' and Latin America,? hydroa vacciniforme-like lymphoproliferative disorder (HVLPD)
is a rare lymphoproliferative condition that is closely linked to chronic Epstein-Barr virus (EBV) infection. It is
characterized by monoclonal proliferation of natural killer (NK) or T lymphocytes (T cells), with a risk of progressing
to malignant lymphoma.>* Its sensitivity to UVB or UVA has been thought to represent a significant pathogenic
mechanism.> HVLPD is comparable to hydroa vacciniforme (HV), one of the rarest photosensitive reactions. It mainly
occurs in children, but can also be seen in adults. Recurrent vesiculopapules in sun-exposed parts of the skin lead to
ulcers and hemorrhagic scabs as the predominant signs. The outcome is an acne-like scar. Avoiding the sun can help, and
for some people, it can go away on its own during puberty.®’ After a prolonged illness and numerous relapses, some
unusual or severe HV patients may develop systemic disease with symptoms such as persistent fever, weight loss, facial
edema, sun unexposed skin lesions, lymphadenopathy, hepatosplenomegaly, leukopenia, etc. In severe cases, fatal EBV-
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positive T-cell or NK cell lymphoma may develop.® Therefore, HVLPD was classified as an HV-like lymphoma (HVLL)
containing the T cell receptor (TCR) clonal rearrangement gene in the 2008 WHO classification of hematopoietic and
lymphoid malignancies.” Some people, however, can heal themselves or recover following therapy, while others develop
lymphoma as a result of prognostic differences across patients. As a result, in the 2016 WHO updated classification of
lymphoid malignancies, HVLL was reclassified as HVLPD.'® According to the WHO’s reclassification, HVLPD
frequently presented as atypical cases with variable clinical and pathological manifestations, indicating that while clinical
manifestations of the disease included invasion activity, atypical tumor cell infiltration might not be visible in
histopathology.'" Therefore, HVLPD is often misdiagnosed in clinics due to its complexity and rarity. In addition, due
to the lack of relevant studies on pathogenesis, disease assessment, and prognosis assessment, there is no standardized
treatment plan in clinical practice.

Because EBV can attack different lymphocyte subsets, the immunohistochemical results of CD3, CD4, CD8, CD20,
CD56, TIA-1, TCRBF1, TCRS, and Ki67 can be used to identify lymphocyte subsets infected with EBV and assess cell
proliferation. Then, it can help further accurate diagnosis and treatment in the clinic. EBV infection of T /NK cells also
leads to clonal proliferation and adverse progression of HVLPD, which can be detected by TCR gene rearrangement.'>'?
Previous studies have shown that TCR gene rearrangement is considered a useful tool for distinguishing between
classical HV and severe HV.'* Due to EBV infection, patients may have different levels of EBV DNA in their plasma
and Peripheral Blood Mononuclear Cell (PBMC),">'¢ and Epstein-Barr virus-encoded RNA (EBER) in situ hybridization
of tissues may be positive. In addition, the degree of EBV infection may also be related to the prognosis, but the relevant
cases are rarely reported at present. EBV infection causes a distinct adaptive immune response in T and B cells, and the
immune system secretes both pro-inflammatory (IFN-y and TNF-a) and anti-inflammatory (IL-4, IL-10, and IL-13)
cytokines, which play key roles.!” Plasma IgE level is known to be a marker of TH2 polarization, and when EBV
infection occurs, it will stimulate the secretion of T helper type 1 (Thl) and T helper type 2 (Th2) lymphocytes, resulting
in increased IgE.'® Nevertheless, clinically, this is frequently disregarded, and inflammation-related factors are not
adequately addressed or treated.

The goal of this study is to outline the clinical manifestations and pathological aspects of typical HVLPD cases with
various disease conditions in order to increase clinicians’ and pathologists’ awareness of HVLPD. We can grasp the
relationship between patients’ prognosis and their WBC, hemoglobin (HB), platelets (PLT), aspartate transaminase-
(AST), alanine transaminase (ALT), Immunoglobulin E (IgE) and other associated biochemical markers, as well as EBV
DNA detection in plasma and PBMC samples, by statistically analyzing their detection values. CD3, CD56, and other
immunohistochemical indicators were used to understand the main infiltrated lymphocyte subclass in patient tissues. The
clonability of T cells in patients was studied by detecting TCR gene rearrangements. In addition, IFN-y, TNF-a, IL-4, IL-
10, and IL-13 inflammatory factors were measured in patients to better understand the types of inflammatory factors

associated with EBV infection in HVLPD and their link to prognosis.

Materials and Methods

Clinical Data

Seven cases of HVLPD with biopsy confirmation were gathered and examined from 2019 to 2022 at the Department of
Dermatology and Venereology of the First Affiliated Hospital of Guangxi Medical University. The diagnostic criteria for
this study were based on the WHO 2016 classification of hematopoietic and lymphatic tumors.'® Patients with complete
clinical data, a clear pathological diagnosis, adequate skin tissue samples, the availability of blood samples, and
successful follow-up were included in the study. In addition, patients with aggressive NK-cell leukemia, extranodal
NK/T-cell lymphoma, and peripheral T-cell lymphoma needed to be excluded. Age, sex, the location of the affected skin,
the clinical characteristics of the skin lesions, systemic symptoms, extracutaneous involvement, clinical laboratory
findings, histopathological findings were all clinical data that were gathered and examined. Samples of whole blood
were taken. For their participation in the study, every patient signed a written informed consent form. The Ethics
Committee of the First Affiliated Hospital of Guangxi Medical University granted ethical approval.
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Immunohistochemical Staining

Immunohistochemical SP staining was used. The wax sections were dewaxed with xylene and hydrated with anhydrous
ethanol. The sections were then placed in an EDTA antigen repair solution for thermal remediation, but TCRBF1 was
digested with pepsin instead of thermal remediation. After washing with PBS buffer solution (Main ingredient Biotech),
the cells were incubated for 10 minutes with 3% H,O, sealing solution. Then the cells were incubated with goat serum
sealer at room temperature for 30 minutes. Following a wash with PBS buffer solution, the primary antibody’s diluent
was added, and the following antibodies were incubated overnight at 37°C: CD3 (dilution 1:4000, Proteintech), CD4
(antibody working fluid, ZSGB-BIO), CD8 (antibody working fluid, ZSGB-BIO), CD20 (dilution 1:100, Abcam), CD56
(antibody working fluid, ZSGB-BIO), TIA-1 (antibody working fluid, ZSGB-BIO), TCRBF1 (dilution 1:150, Invitrogen),
TCRS (dilution 1:150, Santa Cruz Biotechnology), Ki67 (antibody working fluid, ZSGB-BIO). Common immunohis-
tochemistry secondary antibody was applied to the sections after washing with PBS buffer solution. The sections were
cleaned with PBS buffer solution, then stained with non-alcoholic hematoxylin after being dried and treated with DAB
for color development. Resin was then applied to seal the piece. CD3, CD4, CDS§, CD20, CD56 and TCRS were found in
the cell membrane, while TIA-1 was found in the cytoplasm, TCR-F1 was found in the cytoplasm or membrane, and
Ki67 was found in the nucleus. All antibodies tested had appropriate positive and negative controls. The positive rate was
determined by selecting five areas viewed under a 200-fold microscope, and the average value was calculated.

EBER in situ Hybridization Experiment

The EBER kit was purchased from Beijing Zhongshan Jingiao Company. After being dewaxed with xylene for 30
minutes, the wax sections were put in anhydrous ethanol for 10 minutes. A gastric protein working solution was added
after air drying, and the mixture was then incubated at 37°C in a wet box for 30 minutes. We used ethanol gradient
dehydration (75%, 95%, and 100% for two minutes each). Following drying, the samples were incubated overnight at 4°
in a wet box with the EBER probe added, silicized cover slides covered, and rubber cement edges sealed. The cover glass
was cleaned once the rubber cement was taken off. Anti-digoxin antibody that was HRP-labeled was added, and it was
incubated in a 37° wet box for 30 min. For color rendering, a freshly configured DAB was used. As a positive control,
EBV" NK/T cell lymphoma was used, and PBS buffer was used instead of a probe as a negative control. The findings
revealed brown nuclei, which indicated positive EBER.

TCR Gene Rearrangement

The DNA of wax block specimens from patients was extracted using the QIAamp DNA Mini Kit (Qiagen Company).
Appropriate positive and negative controls were set up. Multiple amplification was performed using polymerase chain
reaction (PCR) based on the BIOMED-2 protocol to analyze T-cell clonality. The primers (Sangon Biotech) were used to
detect TCR-f, TCR-y and TCR-6 chains. A 2% agarose gel was used to electrophorese PCR products, and an ultraviolet
gel imager was used to inspect the results. The electrophoretic band is regarded as a monoclonal rearrangement of the
fragment if it has sharp edges, is clear and brilliant, and is the same size as the positive fragment in the BIOMED-2
primer system. If the opposite is true, it is interpreted as a negative.

Detection of EBV DNA by RT-PCR

An EBV DNA testing kit was purchased from Shengxiang Biotechnology Co., Ltd. After counting the thawed PBMC
suspension or thawing the plasma, 100 pL of the PBMC sample or the plasma sample was collected and placed in
a 1.5 mL EP tube. After adding 100uL of the concentrated solution, the sample was added once more, and the mixture
was centrifuged for 5 minutes at 12,000 rpm. After discarding the supernatant, 50 uL of nucleic acid releaser were added,
blown, and mixed for 10 minutes at room temperature. A total of 40 pL of PCR-MIX and 10 pL of the standing liquid
were each added to a PCR reaction tube. The tube was covered and centrifuged for 30 seconds at 2000 rpm. The PCR
reaction tube was then inserted into the RT-PCR apparatus. Using the measured values of the quantitative reference sets
A, B, C, and D, quantitative standard curves were created. PBMC and plasma of healthy subjects, and negative and
positive criteria were utilized as controls.
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Detection of Cytokine Levels in Plasma by Quantitative ELISA

The Elisa kit, purchased from Elabscience Reagents, collected plasma from 7 patients and plasma from 5 healthy
individuals who were negative for EBV DNA by RT-PCR. 5 healthy individuals were the control group. The sandwich
Elisa quantified the human IL-4, IL-10, IL-13, IFN-y, and TNF-a cytokine levels in plasma according to the manufac-
turer’s protocol. OriginPro 9.1 is used to calculate the data.

Statistical Analysis

Statistical software, SPSS Version 25.0 (SPSS, Inc.), was used to evaluate the data. Clinical and experimental measurement
data were collected and described by Median (First quartile-Third quartile), including laboratory indicators such as biochem-
ical indexes, EBV DNA, IL-4, IL-10, IL-13, IFN-y and TNF-a cytokine levels. The exact Fisher test was performed to
compare categorical variables. Non-parametric test was performed to compare continuous variables. The correlation test was
performed to compare the correlation between two samples. P<0.05 was considered statistically significant.

Results

Clinical Presentation

The clinical characteristics of 7 HVLPD patients were studied (Table 1), including 3 males and 4 females ranging in age
from 1 to 45 years, with an average age of 19.71 years and a median age of 17 years. All patients had no history of severe
mosquito bite allergy. Six of the seven patients were children or young adults (under the age of 35), and one was
a middle-aged patient (over the age of 35). Five patients with a male-to-female ratio of 3:2 and a mean age of 23 years
had systemic HVLPD with persistent fever involving lymph nodes, bone marrow, liver, or spleen. The other two patients
had typical HVLPD, with an average age of 11.5 years and a male-to-female ratio of 1:1. On the face and neck of every
patient, erythema of various diameters, papulovesicular lesions, and ulcers of various depths can be detected. Scabs or
atrophic scars may develop following the rupture of papulovesicular lesions (Figure 1a). Five of the patients (71%) had
skin lesions on the trunk and lower extremities in the sun exposed area and the sun-protected area, manifested as papular
blisters, scabs, erosion, ulcers, or sunken scars (Figure 1b and c). Three patients (43%) presented with severe skin lesions
at a later stage, such as significant facial edema (Figure 1d), deep ulceration, and necrosis, accompanied by significant
systemic symptoms, such as fever and enlargement of the liver, spleen, and lymph nodes. Two patients showed
significant periorbital swelling. In laboratory indicators, WBC decreased in three patients (43%), two of whom died.
All three patients with decreased hemoglobin died. Platelet elevation occurred in 4 patients, 2 of whom died. Elevated
AST and ALT were found in 3 patients, 2 of whom were dead. Except for one patient with a missing IgE value, 5 of the
remaining 6 patients (83%) had a severe IgE increase, and all 3 of the deceased patients had an IgE increase than the
survival group (P=0.05) (Table 2).

Pathological Manifestation

The skin biopsy tissues of the seven patients revealed local necrosis and epidermal blister formation, infiltration of
dermal lymphocytes and neutrophils, and erythrocyte extravasation, which primarily surrounded skin appendices (such as
eccrine glands), as well as invasion of blood vessels and subcutaneous adipose tissue. The nucleus displayed mild to
moderate atypia, the cell size was normal with sporadic atypia, and the nucleolus was not readily visible. The
pathological features of cases 1, 2, 4, and 5 were represented. In both cases 2 (Figure 2a) and 1 (Figure 2b), the
subcutaneous adipose septum was observed, with a large number of lymphoid cells infiltrating in some adipose lobules,
mild pleomorphism of lymphoid cells, deep staining of individual nuclei, and infiltration of eosinophils. In case 1, the
lymphocytes at the site were mildly anomalous. In case 4 (Figure 2c), diffuse infiltration of medium-sized lymphocytes
and plasmacytoid lymphocytes was observed in the shallow depth of the dermis, along with slight atypical lymphocytes,
significant erythrocyte extravasation, and local follicular structure formation. In Case 5 (Figure 2d), nodular infiltration of
medium-sized lymphoid cells and eosinophils was observed around the vessels and appendages in the deep layer of the
dermis; some lymphoid nuclei were deeply stained, erythrocyte extravasation was significant, and lymphoid cells invaded
sweat glands and vascular walls.
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Table | Clinical Manifestations, Laboratory Indicators, Treatment and Follow-Up of HVLPD Patients
Case Sex Age. Duration of Skin Manifestations General WBC HB PLT AST ALT IgE Bone Therapy Follow Up
No. Years | Symptoms Symptoms (10°L) | (g/L) | (10°/L) (U/L) (U/L) (IU/mL) Marrow
(Months)
| Female | 7 156 Systemic multiple erythema, Fever, 5.19 146 321 17 16 452.44 / Thalidomide, Improved, 44
blisters, scabs, atrophic scars. superficial recombinant human months of
lymph nodes interferon o 2b, follow-up.
enlargement. hydroxychloroquine,
acyclovir.

2 Female | I3 24 Multiple deep ulcers and Fever, liver, 3.93 76.2 3426 42 71 23332 / Prednisone acetate, Death
necrosis of varying sizes were | spleen and thalidomide, occurred 22
observed on the face, neck superficial acyclovir, months after
and limbs, and swelling of the lymph nodes cyclosporine, diagnosis.
face and eye sockets. enlargement. hydroxychloroquine.

3 Female | 17 6 Erythema of different sizes, Splenomegaly. | 1.07 125 225 28 39 1444 No definite Cyclosporine, Improved, 5
herpetic lesions, ulcers and neoplastic compound months of
scabs can be seen on the face features were glycyrrhizin injection, | follow-up.
and neck. observed. hydroxychloroquine

sulfate.

4 Male 33 16 Erythema, nodules, deep Fever, 6.66 9%4.1 260 27 25 1682.9 Significantly Prednisone acetate, Death
ulceration and necrosis of the | superficial reduced hydroxychloroquine occurred 12
head, face, neck, trunk, and lymph nodes myelodysplasia sulfate, months after
limbs, and swelling of the face | enlargement. and no spironolactone. diagnosis.
and eyes. neoplastic

features.

5 Male 45 37 Erythema, herpetic lesions, Fever, spleen 0.48 76.4 370 246 165 1577.3 No definite Thalidomide, Death
erosions and ulcers of and neoplastic spironolactone, occurred 27
different sizes can be seen on | superficial features were interleukin-2. months after
the face, neck and trunk. Facial | lymph nodes observed. diagnosis.
swelling. enlargement.

6 Male | 72 Erythema milieri and herpetic | No systemic 6.93 138 222 38 12 41.7 / Thalidomide, Improved, 5
lesions on face and limbs. symptoms. recombinant human months of

epidermal growth follow-up.
factor solution for
topical use.

7 Female | 22 4 Acne-like scarring on the head | No systemic 57 135.4 | 306.5 50 66 / / Prednisone acetate, Improved, 35
and face, facial radiating the symptoms. thalidomide, months of
size of a pinhead. spironolactone, follow-up.

valaciclovir.

Abbreviations: WBC, White Blood Cells, Normal reference range (5-12%10°/L); HB, Hemoglobin, Normal reference range, Male(130—175g/L), Female(l 15-150g/L); PLT, Platelet, Normal reference range (125-350%10%/L); AST,

Aspartate Amino Acid Transferase, Normal reference range (15—45U/L); ALT, Alanine Amino Acid; Transferase, Normal reference range (9-60U/L); IgE, Immunoglobulin E, Normal reference range (0—1001U/m).
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Figure | Clinical images of HVLPD patients. (a) Facial herpes burst and formed a scab. (b) The head formed multiple ulcers and scabs. (c) Multiple large and deep ulcers
formed on the buttocks and lower limbs. (d) Typical facial swelling.

Immunohistochemical Staining

All patients had a strong positive expression of CD3 (Figure 3a) and a mild positive expression of CD4 (Figure 3b), and only four
patients showed a scattered positivity for CD56 (Table 3). And three patients showed negative expression of CD56 (Figure 3e).
With the exception of case 7, which expressed CD8 negatively, all other patients had positive CD8 expression (Figure 3c), and the
positive rate for CD8 was noticeably higher than that for CD4 in the sections of the same case. With the exception of case 7,
which lacked a sample, the remaining 6 patients underwent tests for CD20, TIA-1, TCRBF1, and TCRS. The 6 patients showed
focal positivity or scattered positivity for CD20 (Figure 3d). The results of TIA-1 (Figure 3f) and TCRBF1 (Figure 3g) were
positive, and the results of TCRS (Figure 3h) were negative. TIA-1 was strongly positive in all three patients who died. The range
of the Ki67 (Figure 3i) proliferation index in each case was between 5% and 40%, with the three patients who passed away
having a Ki67 index of 40%.
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Table 2 Comparison of Experimental Indexes Between the Deceased Group and the Survival
Group in HVLPD Patients

Experimental Indexes | The Deceased Group (n=3) | The Survival Group (n=4) P
Age 33(13-45) 12(2.5-20.75) 0.157
Gender 12 3/1 0.486
Fever 3/0 1/3 0.143
Hepatomegaly 172 0/4 0.429
Splenomegaly 2/1 1/3 0.486
Lymphadenectasis 3/0 1/3 0.143
WBC(10%) 3.93(0.48-6.66) 5.45(2.10-6.62) 0.48
HB 76.4(76.2-94.1) 136.7(127.6-144.0) 0.034
PLT 342.6(260-370) 265.75(222.75-317.38) 0.157
AST 42(27-246) 33(19.75-47.0) 0.48
ALT 71(25-165) 27.5(13-59.25) 0.157
LgE 1682.9(1577.3-2333.2) 452.44(41.7-1444) 0.05

EBER in situ Hybridization and TCR Gene Rearrangement

EBER in situ hybridization revealed diffuse nuclear staining of infiltrating lymphoid cells in wax block slices from seven
patients, including six with strong positive results (Figure 2e) and one with weak positive results. Furthermore, EBER
was strongly positive in all three patients who died, with positive lymphocytes infiltrating subcutaneous tissues and
surrounding appendages and individual nuclei showing atypia (Figure 2f). TCR gene rearrangement was performed on
wax block specimens from 5 patients, of which 3 patients had monoclonal TCRy rearrangement and 2 patients had no
TCR gene rearrangement. All patients with monoclonal TCRy rearrangement had systemic HVLPD and were deceased.

Detection of EBV DNA by RT-PCR

Plasma samples were collected from seven patients, and because PBMC was missing in case number one, only PBMC
samples were collected from six patients. The EBV DNA of plasma and PBMC were detected, and the PBMC EBV DNA
was uniformly used in 10° cells. Plasma EBV DNA expression was positive in 5 patients and negative in 2 patients.

Figure 2 Microscopic pathological features of HVLPD patients. (a) (HE 200X) and (b) (HE 400X) A large number of mildly profiled lymphocytes infiltrated the subcutaneous
fat. (c) (HE 200X) A large number of plasmacytoid lymphocytes infiltrated the shallow and deep dermis. (d) (HE 400X) Lymphoid cells invaded sweat glands and vascular
walls. (e) (200X) EBER expression was strongly positive in 6 patients. (f) (400X) EBER positive lymphocytes infiltrated subcutaneous tissues and individual nuclei showed
atypia as indicated by the red arrows.
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Figure 3 Immunohistochemical images of case 3. (a) (200X) CD3 was strongly positive expression. (b) (200X) CD4 was mild positive expression. (c) (200X) CD8 was
strongly positive expression. (d) (200X) CD20 was scattered positive expression. (e) (200X) CD56 was negative expression. (f) (200X) TIA-| was positive expression. (g)
(200X) TCRBFI was strongly positive expression. (h) (200X) TCRd was negative expression. (i) (200X) The positive expression of Kié7 was 30%.

Plasma EBV DNA expression was significantly higher in the deceased group compared to the survival group (P=0.032).
There was no significant difference between the deceased group and the survival group in PBMC EBV DNA detection
(P>0.05). There was no correlation between the PBMC EBV DNA and plasma EBV DNA (P>0.05) (Table 4).

Detection of Cytokine Levels in Plasma by Quantitative ELISA

The plasma IFN-y and TNF-acytokine levels of 7 patients were higher than those of the control group, and the difference
was statistically significant (P<0.05) (Figure 4). There was no significant difference in IL-4, IL-10 and IL-13 cytokine
levels in the patient group compared with the control group (£>0.05). IFN-y, TNF-a, IL-4, IL-10, and IL-13 cytokine

Table 3 Immunohistochemistry of HVLPD Patients

Cases | CD3 | CD4 | CD8 | CD20 CD56 TIA-1 | TCRBFI | TCRs | Ki67
| +++ + ++ Focal+ Scattered+ | + + - 10%
2 +++ + ++ Focal+ Scattered+ | +++ ++ - 40%
3 |+ +++ | Scattered+ | - ++ +++ - 30%
4 +++ + +++ Scattered+ | Scattered+ | +++ ++ - 40%
5 +++ + +++ Focal+ Scattered+ | +++ + - 40%
6 +++ + + Scattered+ | - + + - 5%

7 +++ + - / - / / / 5%

Notes: +++: Strong positive, the positive rate was greater than 75%. ++: The positive rate was greater than 50% and less than 75%. +: Mild
positive, the positive rate was greater than 10% and less than 50%. Focal+: Focal positive. Scattered+: Scattered positive. -: Negative.
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Table 4 EBV DNA of Plasma and PBMC in HVLPD Patients

EBV DNA Cases I 2 3 4 5 6 P
Plasma EBV DNA (10%) (copies/ml) | 42 6.14 559 235 278 0 0.404
PBMC EBV DNA (10°) (copies/mL) 1735 | 5262 | 5075 | 6638 192.1 2174

levels was not significantly different between the deceased group and the survival group (P>0.05) (Table 5). However, in
the comparison between the deceased group and the control group, the levels of IFN-y and TNF-a cytokine levels in the
deceased group were significantly higher than the control group (P=0.025) (Table 6). But there was no significant
difference in IL-4, IL-10, and IL-13 cytokine levels between the deceased group and the control group (P>0.05).

Treatment and Follow-Up

All seven patients underwent conservative care, which included antiviral drugs like acyclovir and recombinant human
interferon a-2b as well as glucocorticoids like prednisone acetate, immunomodulators like thalidomide and cyclosporine,
and hepatoprotective and gastromucosal protective medications. Lesions improved immediately following treatment, but
some patients continued to deteriorate over time. Patients were contacted for follow-up. The most current follow-up was
on November 5, 2022, and it ranged from 1 to 44 months. About 42.86% (3/7) of the patients passed away. After
receiving conservative treatment, about 42.86% (3/7) of the patients improved and developed no new skin lesions.
Patients with the disease survived in 14.28% (1/7) of cases. The three individuals who passed away all had systemic

HVLPD and died either from hemophagocytic syndrome or a progressive disease.
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Figure 4 Comparison of cytokine levels between HVLPD patients and control group. (a) IFN-y; (b) TNF-o; (c) IL-4; (d) IL-10; (e) IL-13. CG, control group. Only statistically
significant outcomes are denoted with asterisks, while those with no statistical significance are denoted with “ns”.
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Table 5 Comparison of Cytokine Levels Between the Deceased Group and the
Survival Group of HVLPD Patients
The Deceased Group (n=3) | The Survival Group (n=4) | P
IFN-y(pg/mL) | 361.69(73.50—443.27) 17.22(10.06-69.84) 0.077
TNF-o(pg/mL) | 863.18(279.62—1099.74) 450.73(54.71-717.10) 0.157
IL-4(pg/mL) 24.83(20.80-52.87) 57.95(8.52-89.31) 0.48
IL-10(pg/mL) | 25.87(1.29-42.50) 31.40(8.6449.10) 0.48
IL-13(pg/mL) | 294.03(11.72-411.80) 260.29(93.18-389.73) I
Table 6 Comparison of Cytokine Levels Between the Deceased Group and the
Control Group of HVLPD Patients
The Deceased Group (n=3) | The Control Group (n=5) | P
IFN-y(pg/mL) | 361.69(73.50-443.27) 5.12(4.56-11.0) 0.025
TNF-o(pg/mL) | 863.18(279.62-1099.74) 83.85(39.95-175.39) 0.025
IL-4(pg/mL) 24.83(20.80-52.87) 17.13(10.66-21.78) 0.053
IL-10(pg/mL) | 25.87(1.29-42.50) 6.61(5.56-9.16) 0.456
IL-13(pg/mL) | 294.03(11.72—411.80) 90.68(77.08—140.64) 0.456
Discussion

HVLPD is a rare lymphoproliferative disease associated with EBV. In the early stages of the disease, HVLPD patients
present with skin disease in sun-exposed areas, characterized by vesiculopapular skin lesions, ulcers, and scars with
chronic hyperplasia, similar to the lesions of classic HV.'*** However, some individuals go through a prolonged
recurrence process in which the illness spreads to parts of the skin that are not exposed to sunlight. Recurrent skin
lesions in patients might develop into systemic symptoms such as fever, hepatosplenic lymphadenopathy, hemophago-
cytic syndrome, and even lymphoma.?'*? In our research, there were more female patients than male patients. All of the
patients had skin lesions that appeared as erythema, papulovesicular lesions, ulcers, and scabs of various sizes on
exposed skin, such as the head, face, and neck, and five patients had skin lesions on the trunk and lower limbs in the sun
protected area. This might be as a result of repeated UV exposure reactivating EBV in latent lymphocytes.'* The
emergence of HVLPD is closely associated with ultraviolet light. The malignant transformation of HVLPD has been
linked to ultraviolet radiation, and sunlight can both cause and exacerbate skin lesions.” Furthermore, 5 patients
developed systemic symptoms, and 3 of them ultimately developed severe hematological problems and died. This
prognosis was comparable to that described in Japan,** but our study’s cases were more serious than those in the United
States and the United Kingdom, where the risk of conversion to systemic disease is low and mortality is low.” This may
be due to the regional prognostic variations of HVLPD, with Asian populations having a worse prognosis and a faster
rate of disease progression. The prognosis is also somewhat impacted by the fact that HVLPD is more common in Asia.'

Our mean age was greater than what is frequently reported in studies (19.71 vs 5 or 8 or 11.6),”%

since the patients in
our study comprised both adults and children. It has been reported that adults have a worse prognosis than children. In
our study, there were five adult patients, and two of the three patients who passed away were adult patients. As a result,
the high percentage of adults could be one factor contributing to the poor prognosis in our case study.’ Facial edema was
another important clinical feature in this study, and more importantly, all three patients who died showed this clinical
feature. Therefore, this suggests that facial edema may be associated with a poor prognosis in HVLPD patients. Previous
studies also supported the hypothesis that facial edema is usually associated with systemic or severe HVLPD and can be
used as a clinical indicator of poor prognosis in patients associated with this disease.>* In addition, in our study, 3 patients
with systemic HVLPD had undergone bone marrow aspiration, completed a bone marrow diagnosis, and evaluated T cell
atypia. Only one patient had significantly reduced myelodysplasia and no neoplastic features, and that patient progressed

quickly and died briefly. The other two patients showed no significant abnormalities and one of them survived and the
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other died. The abnormality of the bone marrow puncture can indicate the severity of the patient’s disease. It is necessary
to do a bone marrow puncture at the appropriate time to understand the condition of the patient’s hematopoietic system.

Hemoglobin levels were considerably lower in the deceased group than in the survival group, according to the
laboratory report (P<0.05), demonstrating that low hemoglobin levels are a key indicator of a bad prognosis. Leukocyte,
platelet, AST, ALT, fever, and hepato-splenic lymph node enlargement were not significantly different between the
deceased group and the survival group (P>0.05), which may have something to do with the small number of cases we
had. IgE in deceased group was higher than that in survival group, and the difference was approximately statistically
significant (P=0.05). In addition to the one patient who had no 1gE data, 1gE levels dramatically increased in five other
patients, and in the three patients who died, 1gE levels reached 1000 IU/mL, which may be because of the inflammatory
reaction caused by the EBV infection.”> This shows the necessity of paying attention to the level of IgE in clinical
practice and may be a significant indicator of how the disease is progressing. The patient’s condition should be
reevaluated for more intensive treatment if the IgE increase is very significant. In contrast, all of the patients in the
deceased group had fever, spleen enlargement, increased platelets, AST, ALT, and IgE, suggesting that these factors may
be a significant contributor to the development of the disease and its clinical manifestations. This is consistent with what
has been reported in the literature that hemocytopenia (>2 series) and liver dysfunction are risk factors for poor outcomes
in lymphoproliferative disorders caused by the EBV.?® This recommends that during clinical follow-up, the changes in
blood routine and liver function should be observed and prompts action taken.

The patients in our study had histopathological characteristics that were typical of HVLPD, including lymphocyte
infiltration of the deep dermis and subcutaneous adipose lobules and occasional mild lymphocytic atypia. Additionally,
eosinophil infiltration is frequent, which may be due to the fact that EBV infection promotes the secretion of
inflammatory factors after cell polarization, which increases eosinophil activation,” and then promotes the rise of IgE.
All patients had a strong positive expression of CD3 and a mild positive expression of CD4. In addition to a case of
negativity, the CDS8 expression of other patients was positive. With the exception of case 7, which lacked a sample, six
patients had a focal positive expression of CD20. Of all the patients, only four showed a scattered positivity for CD56.
This indicated that in our study, T cells were mainly infiltrated in the tissues of HVLPD patients, and only a small number
of tissues had NK cells and B cells infiltrated, which was consistent with previous research reports.”>*’ With the
exception of case 7, all of the other patients had positive CD4 and CD8 expressions, but CD8 positivity was more
pronounced than CD4 positivity, showing that HVLPD patients were more susceptible to the infiltration of killer T cells
when infected with EBV, which would improve tissue immune response and increase resistance to EBV infection.”® TIA-
1 was positive in all 6 patients involved in the study and strongly positive in 3 deceased patients. This may be related to
TIA-1 promoting apoptosis, necrosis, and disease progression, and the positive cytotoxic T cell protein further indicates
the degree of pathological damage in the deceased patients.”” The positive degree of TCRBF1 can reflect the infiltration
of afT cells, and the positive degree of TCRS can reflect the infiltration of y3T cells.>® The total positivity of TCRBF1
and total negativity of TCRS also indicate that afT cells are the dominant lymphocyte subclass infiltrated in our cases’
tissues. In addition, the range of the Ki67 proliferation index in each case was between 5% and 40%, with the three
patients who passed away having a Ki67 index of 40%. This implies that the clinical invasive activity of HVLPD may be
correlated with the cell proliferation marker Ki67.%*

All 7 patients tested positive for EBER in situ hybridization in skin tissue sections, demonstrating that cells harboring
the EBV would be recruited to the lesions.*' Patients with a poor prognosis are often strongly EBER-positive. The 3
patients in our study who passed away all had EBERs that were strongly positive, suggesting that the strength of an
EBER’s positivity may be a good indicator of the severity of an Epstein-Barr virus infection. T-cell monoclonality is rare
in typical HV, so TCR gene rearrangement may be useful in detecting atypical HV and adverse progression such as
lymphoma, especially in combination with atypical or invasive clinical manifestations.® In addition, Xie et al found that
all patients with monoclonal TCR rearrangement died, suggesting that TCR gene rearrangement can be used as
a prognostic indicator and auxiliary diagnostic tool.>* This is similar to the results of our study, in which patients with
monoclonal TCR rearrangement all died while patients without TCR rearrangement had a good prognosis. And the three
patients who died had systemic HVLPD.
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Our study found that the plasma EBV DNA levels in dead cases were typically higher than those in living
HVLPD patients. This finding was consistent with reports in the literature and suggested that a high plasma EBV
DNA level would make it easier for patients to develop systemic HVLPD and give them a worse prognosis.'*-**3*
The lack of a statistically significant difference in EBV DNA of PBMC between the deceased group and the survival
group may have been caused by the fact that all patients had high EBV DNA of PBMC and that there were not
a sufficient number of patients to make a difference. Furthermore, there was no correlation between the EBV DNA
in patients’ PBMC and in patients’ plasma (P>0.05). Plasma EBV DNA is substantially more sensitive than PBMC
to discriminate between the illness activation state and treatment response, according to relevant literature data.>”
Therefore, the assessment of EBV infection should be combined with the EBER in situ hybridization test and EBV
DNA detection in plasma or PBMC, but priority should be given to the plasma EBV DNA in the assessment of the
disease. Plasma IFN-y and TNF-a cytokine levels in all HVLPD patients were greater than those in the control
group (P<0.05), showing that EBV infection is associated with a series of pro-inflammatory cytokine responses in
HVLPD. IFN-y and TNF-a are pro-inflammatory cytokines that promote nitric oxide (NO) synthesis in macro-
phages, are related with the T cell response, and also signal the severity of symptoms.** IFN-y and TNF-a cytokine
levels were higher in the deceased group than in the control group (P<0.05), showing that they can reflect the
severity of the disease and indicate a poor prognosis. As a result, it is critical to pay attention to the rise of these
two markers in clinical practice, as well as timely focused treatment. IL-4, IL-10 and IL-13 cytokine levels of
HVLPD patients showed no significant statistical significance compared with the control group (P>0.05), indicating
that HVLPD produced less anti-inflammatory cytokines and more pro-inflammatory cytokines in immunity. In
addition, in HVLPD cases, the difference between the survival group and the deceased group was not statistically
significant, possibly because IFN-y, TNF-a, IL-4, IL-10 and IL-13 cytokine levels in the two groups of patients had
certain values and were higher than those of control group, so the comparison was meaningless. In addition, it is
also related to the insufficient number of cases in this study.

At present, there is not a definite treatment protocol for HVLPD. All of our patients received conservative therapy,
each with a unique therapeutic outcome, including glucocorticoids, immunomodulatory drugs, and antiviral medications.
After treatment, three patients developed no new skin lesions; one patient survived the condition, but the other three
passed away from systemic symptoms and the disease’s quick progression in the final stages. Additionally, there has been
a recent advancement in the study of HVLPD treatment. Chinese researchers recommended conservative treatment for
the majority of Chinese patients and advised against using chemotherapy as the first choice of treatment after examining
41 cases of HVLPD.?” However, studies in the United States have shown that haematopoieticstem cell transplantation
(HSCT) can be used for HVLPD patients who have failed or relapsed after immune regulation and other treatments,
which may cure HVLPD patients.*’

This study has some limitations in terms of experimental samples. Due to the rarity of the disease, the sample size of
the current study is very limited. Therefore, larger samples are needed to further confirm the results according to the
current experimental results, technical basis and design ideas of this study.

Conclusion

In conclusion, clinical signs, pathological characteristics, TCR gene rearrangement, EBER in situ hybridization, and EBV
DNA detection must all be taken into account while making the diagnosis of HVLPD according to our findings. Fever,
hepatosplenomegaly, lymphadenopathy, decreased hemoglobin level, a significant increase in IgE level, plasma EBV
DNA, IFN-y, and TNF-a cytokine levels, strong positive expression of TIA-1, high Ki67 proliferation index, and positive
TCR gene rearrangement are all indicators of a poor prognosis. Patients’ treatments should be dependent on the course of
their disease as well as test markers. And HSCT should be prioritized and enhanced. However, because HVLPD cases
around the globe are not only uncommon but also have a high rate of misdiagnosis, missed diagnosis, and malignant
transformation, large-sample studies are lacking. As a result, HVLPD must continue to draw the attention of clinicians

and pathologists, as well as improve its diagnostic and treatment levels through ongoing, in-depth study.
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