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A B S T R A C T   

Introduction: Cutaneous T-cell lymphoid infiltrate can represent reactive lesion or a malignant T-cell lymphoma. 
However, clinical and histopathological appearance can overlap in both groups with a risk of misdiagnosis. 
Aberrant expression of T-cell markers is not always applicable and T-cell receptor (TCR) gene rearrangement is 
not always accessible and diagnosis in borderline cases can be challenging. 
Aims: Several types of TCR antibodies are currently available with limited knowledge of their expression in 
different cutaneous lymphoid infiltrates. Aim of the study is a comparison of expression of TCR antibodies in 
benign and malignant lymphoid infiltrates and their utility in borderline cases. 
Methods: Representative cases of reactive and malignant lymphoproliferations were collected. Separate group of 
lesions with borderline morphology was selected for comparison. Immunohistochemical expression of TCR-V- 
betaF1 (TCRBF1), TCR-C-beta1 (TCRJOVI.1), TCR gamma/delta (TCRGD) and TCR delta (TCRD) was per-
formed in all cases. TCR gene rearrangement evaluation was performed in all cases using PCR BIOMED-2 assay. 
Results: Benign lymphoid infiltrates were all negative in TCRD and TCRGD. Expression of TCRJOVI.1 was seen in 
3/10 cases and TCRBF1 in one. T-cell lymphomas were positive for TCRBF1 and TCRGD in 60% and 30% of cases 
respectively. TCR gene rearrangement was confirmed in 90% of lymphoma cases. All benign lesions were 
polyclonal. Morphologically borderline lesions showed expression of TCRBF1 in 6/10 cases and TCR gene 
rearrangement in 4/10 cases. Re-evaluation of the cases and clinical correlation led to the change of the diagnosis 
and confirmation of T-cell lymphoma in 4/10 cases. 
Conclusions: Expression of TCRBF1 and TCR-gene rearrangement was significantly associated with malignant 
infiltrates. TCRBF1 positivity in borderline cutaneous lymphoproliferations can raise the suspicion of malignancy 
but confirmation by TCR gene rearrangement and careful clinical correlation is still advisable.   

1. Introduction 

Cutaneous lymphoid infiltrates are quite commonly seen in skin 
punch biopsies or excisions and their evaluation is a part of a routine 
histopathology practice. However, distinguishing reactive and benign 
inflammatory lesions from malignant lymphomas, in particular in the 

early stages of the development, can be difficult and challenging. 
Moreover, clinical and histopathological picture can overlap in both, 
benign and malignant infiltrates. Regarding the skin immune function, 
T-cell predominance is seen in the majority of cases and can lead to the 
wide spectrum of differential diagnosis ranging from various inflam-
matory dermatoses to T-cell lymphoma. The diagnosis of T-cell 
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lymphoma is usually supported by an aberrant expression of T-cell 
markers by immunohistochemistry and by the proof of the clonal rear-
rangement of the T-cell receptor (TCR) by PCR methods. Contrary to 
immunohistochemistry, which is widely accessible, the TCR clonality 
testing is not always available or affordable. Several different immu-
nohistochemical antibodies against TCR receptor are currently available 
including TCR-V-betaF1 (TCRBF1), TCR-C-beta1 (TCRJOVI.1), TCR 
gamma/delta (TCRGD) and TCR delta (TCRD) and their expression is 
widely studied in T-cell lymphomas [1–7]. Purpose of the study is the 
comparison of the expression of such antibodies in confirmed benign 
and malignant cutaneous lymphoproliferations focusing on their po-
tential as additional markers in borderline, atypical or uncertain cases. 

1.1. Characteristics of studied immunohistochemical antibodies 

Expression of the antibodies used in this series is commonly studied 
in neoplastic as well as in non-neoplastic lymphoid infiltrates. Vast 
majority of human T-cells express alpha-beta type of TCR, mucosal and 
cutaneous T-cells are also of gamma-delta type. Expression of TCRBF1 is 
commonly studied including cutaneous lymphomas, but the expression 
varies among lymphoma subtypes [1,4,5,8]. TCRGD antibody identifies 
T-cells primarily expressing gamma-delta type of TCR and the expres-
sion can be used for wide spectrum of diagnostic or research purposes 
including celiac disease [9] or T-cell lymphomas [2,5,6,8,10]. TCRD has 
similar usage in detection of normal or neoplastic T-cells targeting only 
delta chain of TCR receptor [7,8]. TCRJOVI.1 is antibody directed 
against the C (constant) region of beta chain of TCR. Its expression is 
more studied in mice and for immunotherapy purposes and its expres-
sion in T-cell lymphoid infiltrates is less explored [11,12]. 

2. Materials and methods 

A systematic search of the archive files at The Fingerland Department 
of Pathology (University Hospital Hradec Králové, Czech Republic) for 
representative cases of benign and malignant cutaneous lymphoproli-
ferative lesions was performed. Histopathological criteria for the benign 
group included inflammatory infiltrate with lichenoid/interface and/or 
perivascular distribution, predominance of T-cell lymphocytes in the 
infiltrate and clinical confirmation of benign process. Samples of cuta-
neous T-cell lymphomas were retrieved from cases with confirmed and 
certain diagnosis of primary cutaneous or systemic malignant T-cell 
lymphoproliferation. 

Borderline group represented cases with uncertain clinical diagnosis 
including the possibility of cutaneous lymphoma in differential diag-
nosis, and with variable histomorphology and non-descriptive pheno-
type of the T-cell infiltrate by immunohistochemistry. All slides were 
reviewed, any absent diagnostic immunohistochemistry was performed 
subsequently. Blocks for further analysis were available in all cases. 

2.1. Immunohistochemistry 

Immunohistochemical staining of TCR V beta F1 (TCRBF1), TCR 
gamma/delta (TCRGD) 

TCR C beta-1 (TCRJOVI.1) and TCR delta (TCRD) was performed and 
evaluated. The list of antibodies and suppliers is in Table 1. 

Immunohistochemistry was performed from a representative 
formalin fixed paraffin embedded (FFPE) tissue blocks. For immuno-
histochemical staining, 2 μm sections were deparaffinized and rehy-
drated. The detection was processed manually - antigen retrieval was 
performed using the target retrieval buffer at pH 6.1 (buffer K8005; 
DAKO Denmark, Glostrup, Denmark) in a water bath for 40 min at 97 ◦C. 
Endogenous peroxidase activity was inhibited by immersing the sections 
in Envision FLEX peroxidase-blocking reagent (RTU, K8010, DAKO- 
Denmark, Glostrup, Denmark). The slides were incubated with pri-
mary antibody. Dilutions and incubation time are listed in Table 1. 
Finally, the sections were incubated with EnVision FLEX/HRP (RTU, 
Dako Denmark, Glostrup, Denmark) and the reaction was visualized 
using EnVision FLEX DAB (diaminobenzidine, Dako-Denmark, Glostrup, 
Denmark). The slides were counterstained with hematoxylin. All stain-
ing results were compared with external control tissue on slide or with 
internal control staining pattern in surrounding tissues. 

Immunohistochemical stainings used for initial diagnostic workup 
included CD3, CD4, CD7, CD8, CD20, CD30 and Ki-67. Antibody sup-
pliers and methods for diagnostic antibodies are briefly described 
separately in Supplementary methods Table S1. 

2.2. Evaluation of the immunohistochemistry 

Validation of TCRBF1, TCRGD, TCRJOVI.1 and TCRD staining was 
performed using tonsil as a control tissue. The intensity of the staining 
was scored 0 – none; 1+ mild/dim; 2+ moderate, and 3+ strong. 
Expression of studied markers was evaluated as negative when stained 
with score 0 and/or 1+ in less than 30% of the cells and positive when 
stained with score 2+ and/or 3+ in more than 30% of the cells [13]. 

Expression of diagnostic markers was evaluated as a percentage from 
infiltrating lymphocytes focusing on aberrant expression or loss of the 
expression in T-cell markers. Aberrant loss of expression of CD7 was 
evaluated as expression in less than 10% of CD3+ T-cells [14,15]. 

2.3. Molecular methods 

All cases from benign, borderline and malignant group were exam-
ined for T-cell receptor (TCR) rearrangement. Clonality testing was 
performed using the BIOMED-2 clonality assays as previously reported 
[16]. In brief, 5 μm thick tissue sections from FFPE blocks were pre-
pared. DNA was isolated using MagCore Genomic DNA FFPE One-Step 
Isolation Kit (Rbc Bioscience, New Taipei, Taiwan) and automated 
nucleic acid extractor MagCore HF 16 according to the manufacturer’s 
manual. The DNA quality was evaluated for all examined samples. The 
DNA extracted from FFPE tissue was considered of adequate quality if 
amplified products of ≥300 bp were obtained. 

For the T-cell clonality detection the IdentiClone TCRB + TCRG T- 
Cell Clonality Assay and IdentiClone TCRD T-Cell Clonality Assay with 
ABI Fluorescence Detection (Invivoscribe, San Diego, CA, USA) were 
used. Analysis was evaluated using three TCR-beta (TCRB),two TCR- 
gamma (TCRG) and one TCR-delta (TCRD) multiplex PCR reactions. 
All PCR runs were performed in duplicates. Each run included a poly-
clonal control DNAs for particular primer master mix. Fragment analysis 
was performed using ABI 3500 DNA automated sequencer (Applied 
Biosystems, Foster City, CA, USA). 

3. Results 

Totally, 30 cases were studied. Ten representative cases were 
selected for each group. 

3.1. Clinical characteristics for benign group 

The group consisted of 5 males and 5 females with median age of 

Table 1 
List of antibodies and suppliers.  

Primary 
antibody 

Supplier Species/type Dilution Refference/ 
Clone 

TCR V BF1 ThermoFisher Mouse/ 
monoclonal 

1:20 8A3 

TCR gamma/ 
delta 

ThermoFisher Mouse/ 
monoclonal 

1:5 5A6.E8 

TCR C beta 1 Santa Cruz Mouse/ 
monoclonal 

1:25 JOVI.1 

TCR delta Santa Cruz Mouse/ 
monoclonal 

1:300 H-41  
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56.5 years with wide range of diagnoses including interface type 
dermatitis (3 out of 10; 33%), benign lymphocytic infiltrate (Jessner- 
Kanof, 3 out of 10; 33%) or deep perivascular dermatitis (2 out of 10; 
20%). Eight patients (80%) presented with multiple lesions predomi-
nantly occurring on the back or the forearm. All data are summarized in 
Table 2. 

3.2. Clinical characteristics for malignant group 

The group consisted of 6 males and 4 females with median age of 60 
years. Majority of the cases was diagnosed as mycosis fungoides (7 out of 
10; 77%), rest of the cases (3 out of 10; 33%) belonged to the group of 
disseminated peripheral T-cell lymphoma, not otherwise specified 
(PTCL, NOS). Eight patients (80%) presented with multiple lesions 
predominantly occurring on the trunk or the thighs. All data are sum-
marized in Table 2. 

3.3. Clinical characteristics for borderline group 

There were 5 males and 5 females with median age of 62.5 years. Six 
patients presented with multiple lesions and four patients had solitary 
lesion. Most commonly affected sites were the back and the forearm. 
Common diagnostic denominator was T-cell lymphoid infiltrate with 
variable level of uncertainty due to clinical suspicion, uncharacteristic 
morphological features, non-descriptive phenotype and/or mixture of 
all. Six cases (60%) showed predominantly interface/lichenoid pattern 
with four cases suspicious for possible lymphoma of mycosis fungoides 
type. Similar suspicion was raised in two cases with mainly spongiotic 
pattern. Four cases favoring benign diagnoses showed perivascular (2 
out of 10) and/or lichenoid pattern (2 out of 10). Clinical characteristics 
and detailed descriptions are in Table 3 and Table 4. 

3.4. Immunohistochemical results 

The group of benign lymphoid infiltrates was evaluated as nega-
tive in TCRGD and TCRD staining. The infiltrates showed mild/dim 
expression in these markers in less than 30% of infiltrating lymphocytes. 
In one case with interface drug induced interface dermatitis (Fig. 1A) 
there were scattered large cells with 2+ positivity in TCRGD and TCRD 

(Fig. 1B). Similar cells were also showing positivity in CD30. There were 
9 cases (90%) in the benign group evaluated as negative in TCRBF1 as 
well (Fig. 1C). One case (10%) with reactive lymphoid infiltrated 
showed 2+ positivity in 90% of the T-cells. Expression of TCRJOVI.1 
was seen in 30% of benign cases (3 out of 10). Seven cases were eval-
uated as negative including 5 cases with absence of the staining and 2 
cases with 1+ mild/dim expression in less than 30% of the cells. 
Expression of CD7 was retained in all ten benign cases with a range 
between 50–90% of positive lymphoid cells (mean 78%, median 85%). 

Regarding the group of malignant cases, there were 3 cases (30%) 
positive in TCRGD. Only one case (10%) was positive in TCRD. This case 
of mycosis fungoides showed scattered larger intraepithelial TCRD 
positive cells and similar result was seen in TCRGD as well. This case 
showed TCR gamma and TCR delta rearrangement, but the cells were 
CD30 negative. 

Positivity of TCRBF1 staining was seen in 6 out of 10 malignant cases 
with average expression in 75% of the T-cells (range 60–90%). The 
staining was absent in two cases and two cases showed 1+ mild/dim 
expression in less than 10% of the neoplastic T-cells. TCRJOVI.1 was 
evaluated as negative in 70% of malignant cases (7 out of 10) including 5 
cases with complete absence of the staining and two cases with mild/ 
dim expression. There were nine (9 out of 10) cases showing aberrant 
loss of expression of CD7 with one completely negative case and 8 cases 
showing expression in less the 10% of the neoplastic cells (mean 12%, 
median 5%). Fig. 2 shows the results of selected stainings in a case of 
PTCL, NOS (Fig. 2A-C) and mycosis fungoides (Fig. 2D-F). 

Borderline cases were all evaluated as negative in TCRD staining 
with one case with scattered large cells with 2+ staining and retained 
CD7 expression. Most of the cases were also evaluated as negative in 
TCRGD staining with 5 completely negative cases, 3 cases with dim/1+
staining and one case with scattered large cells with 2+ expression. 
TCRBF1 as well as TCRJOVI.1 expression was evaluated as positive in 
60% of cases (6 out of 10). The range of positivity in lymphoid cells was 
60–80% for TCRBF1 and 50–80% for TCRJOVI.1. There were three 
borderline cases (3 out of 10) with attenuated expression of CD7 with 
one negative case and two cases with less than 10% of lymphoid cells. 
Residual seven cases (7 out of 10) were positive for CD7 with range 
between 40–80% (mean 65%, median 70%). 

Immunohistochemical results for all groups are summarized in 
Table 5. 

3.5. Molecular results 

Nine cases from the benign group were tested with polyclonal result 
in T-cell receptor gene analysis. One case in benign group showed 
polyclonal result in TCRB (TCRB Tube A), TCRG and TCRD and oligo-
clonal result in TCRB (TCRB TubeB). 

Nine out of ten malignant cases showed clonal rearrangement at least 
in one TCR gene. One case could not be evaluated due to the poor quality 

Table 2 
Clinical characteristics and diagnoses of benign and malignant cases.  

Patient 
characteristics 

Benign (N = 10) Malignant (N =
10) 

Age (median) 56.5 yrs 60 yrs 
Age (mean) 54.4 (± 13.2) yrs 58.9 (± 12.3) yrs 
Age (range) 33 – 72 yrs 43–89 yrs 
Male: Female 5:5 (50%:50%) 6:4 (60%:40%) 
Lesions 
Solitary 2 (20%) 2 (20%) 
Multiple 8 (80%) 8 (80%) 
Most common sites Back, forearm Trunk, thigh 
Diagnoses Benign lymphocytic infiltrate (Jessner- 

Kanof) 
3 (30%) 

Mycosis 
fungoides 
7 (70%)  

Deep perivascular dermatitis 
2 (20%) 

PTCL, NOS 3 
(30%)  

Interface dermatitis, lichen planus 
2 (20%)   
Interface and perivascular dermatitis, 
drug induced 
1 (10%)   
Cutaneous lymphoid hyperplasia (T- 
cells) 
1 (10%)   
Lichen sclerosus 
1 (10%)  

Abbreviations: PTCL, NOS – peripheral T-cell lymphoma, not otherwise 
specified. 

Table 3 
Clinical characteristics and diagnoses in border-line cases.  

Patient characteristics Borderline cases (N = 10) 

Age (median) 62.5 years 
Age (mean) 58.5 (± 10.6) years 
Age (range) 41–74 years 
Male: Female 5 (50%) : 5 (50%) 
Lesions 
Solitary 4 (40%) 
Multiple 6 (60%) 
Most common sites Back, forearm 
Initial diagnosis 
T-cell lymphoid infiltrate, uncertain 
With interface pattern - favour benign 2/10 (20%) 
Interface pattern – suspicion for lymphoma 4/10 (40%) 
Spongiotic pattern – suspicion for lymphoma 2/10 (20%) 
Perivascular pattern – favour benign 2/10 (20%)  
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of input DNA with short PCR amplified products not suitable for further 
analysis. Four cases showed clonality in both TCRB and TCRG genes (all 
3 cases of PTCL, NOS and one case of mycosis fungoides). Solitary TCRB 
rearrangement was seen in three cases (3 out of 10) with mycosis fun-
goides. Rest of the MF cases showed TCRG rearrangement only (1 out of 

10) and combined TCRG and TCRD rearrangement (1 out of 10). 
Four cases (4 out of 10) in the borderline group had clonal results in 

TCR gene analysis. Two cases were combining clonal result in TCRB and 
TCRG, one cases in TCRG and TCRD and one case was clonal in TCRB 
gene only. Poor DNA quality extracted from FFPE blocks was seen in 

Table 4 
Detailed clinico-pathological data for the group of borderline cases.  

Patient Gender Age Occurrence Specimen 
site 

Other 
involvement 

Clinical description 
and diagnosis 

Preliminary diagnosis 
from histology 

Change of 
diagnosis 
Y/N 

Reviewed diagnosis, follow up 

B01 F 42 Multiple Abdomen Abdomen, 
trunk 

eczematous 
dermatitis, 
rule out mycosis 
fungoides 

T-cell infiltrate, 
uncertain, deep 
perivascular pattern, 
favour benign 

N benign, perivascular dermatitis, 
regression 

B02 F 41 Multiple Breast skin Nipple breast and nipple 
eczema 

T-cell infiltrate, 
uncertain, spongiotic 
pattern, rule out 
mycosis fungoides 

N clonal cutaneous lymphoid 
hyperplasia, regression 

B03 F 65 Multiple Shin Bilateral shin skin eczema and 
induration 

T-cell infiltrate, 
uncertain, interface 
pattern, rule out 
mycosis fungoides 

Y cutaneous infiltrates in EATL, 
clinically CD and RCR II. type, 
presented with intestinal EATL in 6 
months from cutaneous biopsy 

B04 M 66 Solitary Back  skin resistance T-cell infiltrate, 
uncertain, spongiotic 
pattern, rule out 
mycosis fungoides 

N chronic spongiotic dermatitis, 
regression on corticosteroid 
therapy 

B05 M 74 Multiple forearm Shin maculopapular 
lesion, rule out 
parapsoriasis en 
plaque 

T-cell infiltrate, 
uncertain, perivascular 
and spongiotic pattern, 
favour benign 

N chronic spongiotic dermatitis, 
regression on corticosteroid 
therapy 

B06 M 61 Multiple Trunk Groin skin infiltrates, rule 
out mycosis 
fungoides 

T-cell infiltrate, 
uncertain, interface 
and psoriasiform 
pattern, rule out 
mycosis fungoides 

Y CD4+ indolent 
lymphoproliferative disorder, 
regression 

B07 F 60 Solitary Thigh  macular lesion, rule 
out eczema 
lichen planus, 
mycotic infection or 
mycosis fungoides 

T-cell infiltrate, 
uncertain, interface 
pattern, favour benign 

N benign, lichenoid drug eruption, 
regression 

B08 M 56 Multiple Back abdomen, 
loins 

psoriasis, rule out 
mycosis fungoides 

T-cell infiltrate, 
uncertain, interface 
pattern, rule out 
mycosis fungoides 

Y mycosis fungoides 

B09 M 66 Solitary Back/ 
sacral  

reddish lesion with 
squames 

T-cell infiltrate, 
uncertain, interface 
pattern, rule out 
mycosis fungoides 

Y mycosis fungoides 

B10 F 64 Solitary Forearm  forearm lesion T-cell infiltrate, 
uncertain, interface 
pattern, favour benign 

Y mycosis fungoides 

Abbreviations: CD – celiac disease; EATL – enteropathy-associated T-cell lymphoma; RCD II – refractory celiac disease, type II. 

Fig. 1. Benign group - drug induced lichenoid dermatitis. 
A – dermatitis with interface pattern and intraepithelial lymphocytes and necrotic keratinocytes (Civatte bodies), haematoxylin-eosin, original magnification 100×; B 
– scattered cells positive for TCRGD; original magnification 100×; C – dim or absent expression of TCR BF1 in minority of infiltrating cells, original magnification 
100×. 
TCR – T-cell receptor; GD – gamma/delta. 
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overall 4 out of 10 cases (40%). Molecular results are summarized in 
Table 5; detailed results are available in Supplementary results Table S2. 

3.6. Correlations of the results and review of the diagnosis of borderline 
cases 

While comparing results in benign and malignant cases, there was a 
statistically significant difference in expression of TCR antibodies seen 
only for TCRBF1 (p = 1.3608 × 10− 7) with more frequent positivity in 
neoplastic T-cells. Significant difference was also proved for aberrant 
loss of expression of CD7 (p = 1.3608 × 10− 7) as well as for the presence 
of TCR clonal rearrangement (p = 0.00443) in neoplastic cells when 
compared with the benign group. 

Thus, the revision of preliminary or uncertain diagnoses was per-
formed correlating molecular and immunohistochemical results 
focusing on the expression of TCRBF1 and CD7 and the presence of TCR 
rearrangement. Diagnosis in case 1 with perivascular pattern wasn’t 
changed. Case 2 was a nipple infiltrate with predominantly spongiotic 
pattern categorized as indolent cutaneous lymphoid hyperplasia despite 
the TCR clonal product and it regressed spontaneously within the 
follow-up. Case 3 was very peculiar with both interface and 
panniculitis-like features and with loss of surface CD3 expression. 
Further clinical examination of the patient revealed duodenal mucosal 
atrophy and intestinal infiltrate histologically consistent with the diag-
nosis of untreated celiac disease and enteropathy-associated T-cell 
lymphoma, respectively. Diagnosis in case 4 and case 5 with spongi-
otic/perivascular pattern wasn’t change and the infiltrates regressed on 
corticosteroid therapy. Case 6 was reclassified as primary cutaneous 
CD4+ small/medium T-cell lymphoproliferative disorder on the basis of 
TCR clonality and TCRBF1 positivity. 

Diagnosis in case 7 with lichenoid drug-induced infiltrate wasn’t 
change and the lesions regressed after elimination of the drug. Upgrade 
to the diagnosis of mycosis fungoides in case 8 (Fig. 3A–C) and case 9 
was supported mainly by the clinical picture and expression of TCRBF1 

Fig. 2. Malignant group – A-C: peripheral T-cell lymphoma, not otherwise specified (PTCL-NOS) and D-F: mycosis fungoides (MF). 
A – dense dermal lymphoid infiltrate, haematoxylin-eosin, original magnification 200x; B – expression of CD3 in majority of neoplastic cells, original magnification 
200×; C – moderate expression of TCRBF1 in majority of neoplastic cells, original magnification 200×. 
D – dermal and intraepithelial infiltrate with formatiom of Pautrier abscesses, haematoxylin-eosin, original magnification 200×; E - expression of CD3 in majority of 
neoplastic cells, original magnification 200×; F – moderate to strong expression of TCRBF1 in majority of neoplastic cells, original magnification 200×. 
TCR – T-cell receptor. 

Table 5 
Immunohistochemical results for CD7 and TCR antibodies and molecular results 
in all groups.  

Immunohistochemistry Benign 
(N =
10) 
n (%) 

Malignant 
(N = 10) 
n (%) 

Borderline 
(N = 10) 
n (%) 

Chi-square 
test 
p-value 

CD7     
<10% 1 (10) 9 (90) 3 (30) <0.000001 ‡

>10% 9 (90) 1 (10) 7 (70)  
TCRBF1    <0.000001 ¥ 

negative (0, 1+) 9 (90) 4 (40) 4 (40)  
positive (2+, 3+) 1 (10) 6 (60) 6 (60)  
TCRJOVI.1     
negative (0, 1+) 7 (70) 7 (70) 4 (40) N/A 
positive (2+, 3+) 3 (30) 3 (30) 6 (60)  
TCRGD    0.342781711 
negative (0, 1+) 10 

(100) 
7 (70) 9 (90)  

positive (2+, 3+) 0 3 (30) 1 (10)  
TCRD    0.752 
negative (0, 1+) 10 

(100) 
9 (90) 10 (100)  

positive (2+, 3+) 0 1 (10) 0  
TCR rearrangement    0.004 * 
Clonal 0 9 (90) 4 (40)  
Polyclonal 9 (90) 0 2 (20)  
Oligoclonal 1 (10) 0 0  
N/A (poor DNA quality) 0 1 (10) 4 (40)  

Abbreviations: TCR – T-cell receptor; TCRBF1 - TCR V beta F1, TCRGD – TCR 
gamma/delta; TCRJOVI.1 - TCR C beta-1; TCRD - TCR delta. 

¥ p = 1.3608 × 10− 7 for TCRBF1 staining results in benign and malignant 
cases. 

‡ p = 1.3608 × 10− 7 for CD7 loss comparing benign and malignant cases. 
* p = 0.00443 for TCR clonality results in benign and malignant cases. 
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since the clonal rearrangement of TCR or aberrant expression of CD7 
was not demonstrated. Diagnosis of mycosis fungoides was also 
rendered in clonal and TCRBF1 positive case 10. 

Revised diagnoses are summarized in Table 4. 
In summary, conversion to a malignant diagnosis was made in 5 out 

of 10 borderline cases on the basis of TCR clonal rearrangement, 
TCRBF1 expression and clinical correlation. 

Four borderline cases showed TCR clonal rearrangement (case 2, 3, 6 
and 10), three of these (case 3, 6 and 10) also had strong expression of 
TCRBF1 in immunohistochemistry. Re-evaluation of the findings with 
additional clinical data led to the change and upgrade of the diagnosis in 
three of the clonal cases and in two of the polyclonal cases with TCRBF1 
expression. 

4. Discussion 

Differential diagnosis of cutaneous T-cell lymphoid infiltrates can be 
very challenging on several levels [17]. Clinical information and the 
description of the lesion given at the beginning of the diagnostic process 
are usually very scarce, but the pathologist is commonly asked to rule 
out malignant lymphoma. Aberrant expression of T-cell markers is not 
always applicable, e.g. absent CD7 is seen in only 57% of MF [18,19]. 
Diagnosis of lymphoma can be supported by the TCR clonal rearrange-
ment findings, but the analysis is not always available, is more costly 
than immunohistochemistry and can be complicated by several tech-
nical and immunobiological pitfalls [20,21]. 

Proof of the same clonal TCR rearrangement from two different 
anatomical sites is usually recommended for confirmation of the ma-
lignant diagnosis [22,23]. Regarding our study, the group of borderline 
cases in particular was highly affected by the poor quality of DNA 
extracted from FFPE samples with short amplified fragments below 
200bp when compared with the control PCR ladder and could not be 
used for the analysis despite the repeated isolation attempts. One case of 
mycosis fungoides showed poor DNA quality as well but presented with 
aberrant loss of CD7 (expressed in less than 5% of the neoplastic T-cells) 
and moderate staining in TCRBF1 in 60% of the neoplastic cells. 

Furthermore, T-cell clone can be seen in some cases of dermatitis as 
lichen ruber planus or pityriasis lichenoides et varioliformis acuta 
(PLEVA) [24–30]. On the contrary, findings of polyclonality or oligo-
clonality does not rule out a diagnosis of cutaneous lymphoma since 
proof of TCR clonal rearrangement in early stages of mycosis fungoides 
varies between 40–70% [31–33]. 

In our study, we have focused on several currently available TCR- 
related antibodies and their possible utilization as additional markers 
in the diagnosis of benign and malignant lymphoid infiltrates. From the 
studied markers, only TCRBF1 showed significantly different staining 
results between benign and malignant group. Staining results of TCRBF1 

were added to the diagnostic decision-making process and supported the 
change of the diagnosis in 5 out of 10 borderline cases. Nevertheless, in 
all those cases, careful correlation with other results (CD7, TCR rear-
rangement) and with clinical follow-up was performed. 

5. Conclusion 

Expression of TCRBF1, loss of CD7 expression and TCR-gene rear-
rangement was significantly associated with malignant infiltrates. 
TCRBF1 positivity in borderline cutaneous lymphoproliferations can 
raise the suspicion of malignancy but confirmation by TCR gene rear-
rangement and careful clinical correlation is still advisable. 
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Appendix A. Supplementary data 

Supplementary material related to this article can be found, in the 
online version, at doi:https://doi.org/10.1016/j.prp.2020.153279. 

Fig. 3. Borderline group – lesion with interface pattern and borderline features between lichenoid dermatitis and mycosis fungoides. 
A – subtle dermal and intraepithelial infiltrate, haematoxylin-eosin, original magnification 200x; B – expression of CD3 in most of the infiltrating cells, original 
magnification 200×; C – moderate to strong expression of TCRBF1 in majority of the cells, original magnification 200×. 
TCR – T-cell receptor. 

K. Kamarádová et al.                                                                                                                                                                                                                          

https://doi.org/10.1016/j.prp.2020.153279


Pathology - Research and Practice 216 (2020) 153279

7

References 

[1] C.S. Ng, J.K. Chan, P.K. Hui, W.C. Chan, S.T. Lo, Application of a T cell receptor 
antibody beta F1 for immunophenotypic analysis of malignant lymphomas, Am. J. 
Pathol. 132 (2) (1988) 365–371. 

[2] M. Roullet, S.M. Gheith, J. Mauger, J.M. Junkins-Hopkins, J.K. Choi, Percentage of 
{gamma}{delta} T cells in panniculitis by paraffin immunohistochemical analysis, 
Am. J. Clin. Pathol. 131 (6) (2009) 820–826, https://doi.org/10.1309/ 
AJCPMG37MXKYPUBE. 

[3] E. Geissinger, P. Sadler, S. Roth, T. Grieb, B. Puppe, N. Müller, P. Reimer, C. 
S. Vetter-Kauczok, J. Wenzel, I. Bonzheim, T. Rüdiger, H.K. Müller-Hermelink, 
A. Rosenwald, Disturbed expression of the T-cell receptor/CD3 complex and 
associated signaling molecules in CD30+ T-cell lymphoproliferations, 
Haematologica 95 (10) (2010) 1697–1704, https://doi.org/10.3324/ 
haematol.2009.021428. 

[4] W. Kempf, D.V. Kazakov, B.E. Paredes, H.R. Laeng, G. Palmedo, H. Kutzner, 
Primary cutaneous anaplastic large cell lymphoma with angioinvasive features and 
cytotoxic phenotype: a rare lymphoma variant within the spectrum of CD30+
lymphoproliferative disorders, Dermatology 227 (4) (2013) 346–352, https://doi. 
org/10.1159/000355479. 

[5] E. Hayashi, K. Takata, Y. Sato, Y. Tashiro, Y. Tachiyama, S. Sawada-Kitamura, 
Y. Hiramatsu, S. Sugiguchi, S. Nose, M. Hirokawa, M. Ando, L. Abd Alkader, 
Y. Maeda, M. Tanimoto, T. Yoshino, Distinct morphologic, phenotypic, and 
clinical-course characteristics of indolent peripheral T-cell lymphoma, Hum. 
Pathol. 44 (9) (2013) 1927–1936, https://doi.org/10.1016/j. 
humpath.2013.03.002. 

[6] M. Pulitzer, S. Geller, E. Kumar, D. Frosina, A. Moskowitz, S. Horwitz, 
P. Myskowski, M. Kheterpal, A. Chan, A. Dogan, A.A. Jungbluth, T-cell receptor-δ 
expression and γδ+ T-cell infiltrates in primary cutaneous γδ T-cell lymphoma and 
other cutaneous T-cell lymphoproliferative disorders, Histopathology 73 (4) (2018) 
653–662, https://doi.org/10.1111/his.13671. 

[7] A.A. Jungbluth, D. Frosina, M. Fayad, M.P. Pulitzer, A. Dogan, K.J. Busam, N. Imai, 
S. Gnjatic, Immunohistochemical detection of γ/δ T lymphocytes in formalin-fixed 
paraffin-embedded tissues, Appl. Immunohistochem. Mol. Morphol. 27 (8) (2018) 
581–583, https://doi.org/10.1097/PAI.0000000000000650. 

[8] M. Takeshita, S. Okamura, Y. Oshiro, S. Imayama, S. Okamoto, Y. Matsuki, 
Y. Nakashima, T. Okamura, M. Shiratsuchi, T. Hayashi, M. Kikuchi, 
Clinicopathologic differences between 22 cases of CD56-negative and CD56- 
positive subcutaneous panniculitis-like lymphoma in Japan, Hum. Pathol. 35 (2) 
(2004) 231–239, https://doi.org/10.1016/j.humpath.2003.09.015. 

[9] C. Buri, P. Burri, P. Bähler, A. Straumann, B. Müller-Schenker, S. Birrer, C. Mueller, 
Cytotoxic T cells are preferentially activated in the duodenal epithelium from 
patients with florid coeliac disease, J. Pathol. 206 (2) (2005) 178–185, https://doi. 
org/10.1002/path.1773. 

[10] Y. Takahashi, K. Takata, S. Kato, Y. Sato, N. Asano, T. Ogino, K. Hashimoto, 
Y. Tashiro, S. Takeuchi, T. Masunari, Y. Hiramatsu, Y. Maeda, M. Tanimoto, 
T. Yoshino, Clinicopathological analysis of 17 primary cutaneous T-cell lymphoma 
of the γδ phenotype from Japan, Cancer Sci. 105 (7) (2014) 912–923, https://doi. 
org/10.1111/cas.12439. 

[11] J.L. Viney, H.M. Prosser, C.R. Hewitt, J.R. Lamb, M.J. Owen, Generation of 
monoclonal antibodies against a human T cell receptor beta chain expressed in 
transgenic mice, Hybridoma 11 (6) (1992) 701–713, https://doi.org/10.1089/ 
hyb.1992.11.701. 

[12] P.M. Maciocia, P.A. Wawrzyniecka, B. Philip, I. Ricciardelli, A.U. Akarca, S. 
C. Onuoha, M. Legut, D.K. Cole, A.K. Sewell, G. Gritti, J. Somja, M.A. Piris, K. 
S. Peggs, D.C. Linch, T. Marafioti, M.A. Pule, Targeting the T cell receptor β-chain 
constant region for immunotherapy of T cell malignancies, Nat. Med. 23 (12) 
(2017) 1416–1423, https://doi.org/10.1038/nm.4444. 

[13] S.M. Rodríguez-Pinilla, M.E. Sánchez, J. Rodríguez, J.F. García, B. Sánchez- 
Espiridión, L.F. Lamana, G. Sosa, J.C. Rivero, J. Menárguez, I.B. Gómez, F. 
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