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UV‑induced local 
immunosuppression in the tumour 
microenvironment of eccrine 
porocarcinoma and poroma
Maya Puttonen1*, Jorma Isola2, Onni Ylinen3, Tom Böhling1, Virve Koljonen4 & Harri Sihto1

Eccrine porocarcinoma (EPC) is a rare malignant adnexal tumour of the skin. Part of EPCs develop 
from their benign counterpart, poroma (EP), with chronic light exposure and immunosuppression 
hypothesized to play a role in the malignant transformation. However, the impact of chronic light 
exposure on the microenvironment of EPCs and EPs has not been investigated yet. Although the 
clinical relevance of tumour infiltrating lymphocytes (TILs) and tertiary lymphoid structures (TLSs) 
has been established in various tumours, their distribution and significance in EPCs and EPs is 
still poorly understood. We characterized the distribution of TILs and TLSs using CD3, CD4, CD8, 
CD20 immunohistochemistry in a cohort of 10 EPCs and 49 EPs. We then classified our samples 
using solar‑elastosis grading, analyzing the influence of ultraviolet (UV) damage on TIL density. A 
negative correlation between UV damage and TIL density was observed (CD4 r = −0.286, p = 0.04. CD8 
r = −0.305, p = 0.033). No significant difference in TIL density was found between EPCs and EPs. TLS 
was scarse with the presence rate 10% in EPCs and 8.3% in EPs. The results suggest that UV has an 
immunosuppressive effect on the microenvironment of EPCs and EPs.

Eccrine porocarcinoma (EPC) is a rare malignant adnexal tumour of the skin derived from the eccrine gland. 
EPC affects predominantly elderly people between 60 and 80 years of  age1–5. The most common locations are the 
head and neck and the lower  extremities6. EPC etiology is still unknown but immunodeficiency has been sug-
gested as a risk  factor7. A portion of EPCs develop from their benign counterpart, eccrine poroma (EP)6,8,9, with 
chronic light exposure and immunosuppression hypothesized to be involved in the malignant  transformation1. 
First described in  196310, EPC has been considered to be an aggressive skin tumour with a high probability of 
 recurrence6,11,12. Recent studies have revealed its low mortality rate and called the general belief of its aggressive-
ness into  question2,5,13. However, the mortality rate is high in cases with metastatic  dissemination6,14.

The development of genetic mutations during oncogenesis leads to the expression of tumour antigens, which 
trigger antitumour immune responses including the infiltration of lymphocytes into the tumour  tissue15. Accu-
mulating evidence from both animal models and human studies have deepened our understanding of the mul-
tifaceted role of tumour infiltrating lymphocytes (TILs) in the tumour microenvironment. TILs are associated 
with positive prognosis in various tumour types including skin tumours, such as Merkel cell  carcinoma16,17 and 
 melanoma18.

Secondary lymphoid organs, such as lymph nodes and spleen, are involved in antitumour immune  responses19, 
as are ectopic lymphoid organs called tertiary lymphoid structures (TLSs) that develop in chronically inflamed 
non-lymphoid tissues, including  tumours20. A high density of TLSs correlated strongly with a high infiltration 
of CD8+ T cells and CD4+ T cells in non-small cell lung cancer, which suggests that TLSs may play a key role 
in shaping the immunological character of the tumour  microenvironment21. TLSs are an independent factor 
associated with positive prognosis in different tumours such as gastric  cancer22,23, pancreatic ductal  carcinoma24, 
and for the skin tumours Merkel cell  carcinoma25 and  melanoma26.

Regarding EPC and EP, there is so far one study investigating TILs in EPCs, where the degree of lymphocyte 
infiltration in tumours was categorized into brisk, non-brisk and  absent3. Category was represented, but no 
statistically significant association between TILs and patient outcome was  observed3. However, no comparative 
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study of TIL distribution between EPCs and EPs has been conducted nor an investigation of TLSs in EPCs and 
EPs. In the current study, we performed CD3, CD4, CD8, CD20 immunohistochemistry on EPC and EP sam-
ples to feature the distribution of TILs and TLSs. In addition to this, we investigated the effects of chronic light 
exposure on the immunological microenvironment of EPCs and EPs.

Methods and materials
With the approval of the Institutional Ethics Committee of Helsinki University Central Hospital [HUS/358/2018], 
Biobank of Northern Finland Borealis [BB_2018_2014] and Biobank of Tampere [BB2018-006], all the FFPE 
samples available (10 EPCs and 49 EPs) were collected from all Finnish biobanks under the coordination of the 
Helsinki biobank. All methods were carried out in accordance with the regulations of the biobanks. The diagnoses 
of EPs and EPCs were confirmed by an experienced pathologist (TB).

Immunohistochemistry. EPC and EP FFPE samples were sectioned into 4um slices and placed on slides. 
This was followed by deparaffinization with xylene, dehydration with graded ethanol and incubation in 3% 
hydrogen peroxide for 30 min. Heat-induced epitope retrieval was carried out in sodium citrate for CD3, CD4, 
CD20 in 95 °C for 15 min, and for CD8 in Tris/EDTA in 95 °C for 10 min. For CD8, blocking with 2.5% goat-
serum at room temperature for 15 min was performed just before application of the CD8 primary antibody. The 
slides were first incubated with the primary antibodies diluted in Draco Antibody Diluent (AD500) and then 
with the secondary antibodies for 60 min; for CD20 staining BrightVision poly HRP-Anti-Mouse IgG, Immu-
nologicVWR international was used, and for CD3, CD4 and CD8, rabbit HBP, Orion detection system. The 
primary antibodies and the incubation time are listed in Table 1. Spleen and lymph node tissues served as posi-
tive controls. Expressions were detected using a DAB Peroxidase Substrate Kit (SK-4105, Vector Laboratories; 
5 min at room temperature). The slides were counterstained with hematoxylin. The slides were scanned at Jilab 
inc., Tampere, Finland as previously  described27. All the tumour areas were chosen for analysis from the scanned 
slides. Positive cells were counted automatically by using proprietary Auto-IEL  software27,28. Due to the occa-
sional staining background, which prevented automatic counting, CD8 positive cells were counted manually.

Hematoxylin and eosin (H&E) staining and solar elastosis grading. H&E staining was performed 
at the laboratory of Helsinki University Hospital, Department of Pathology, according to the routine protocol. 
The degree of cumulative solar damage (CSD) of the surrounding skin was measured using solar elastosis grad-
ing. Solar elastosis is an accumulation of abnormal elastic tissues in the dermis caused by chronic sun  exposure29. 
The grading is used clinically in melanoma diagnosis to determine if the legion is low-CSD melanoma or high-
CSD  melanoma29. Solar elastosis grades were given by using the H&E stained slides of the same tumours. The 
classification system has been previously described by Landi et al.30. In short, grade 0 was given when there was 
no elastic fibre in the nearby normal skin. Grade 1 samples had single elastic fibres, grade 2 samples had bunches 
of fibres, while grade 3 was given when there was monotonous basophilic material that had already lost its fibril-
lary  texture30.

Statistical analyses. The association between the non-continuous parameters, such as the solar elastosis 
grade, and the continuous parameters, such as lymphocyte densities, was evaluated using the Mann–Whitney U 
test. The correlation assessments of continuous distributions were carried out using the Pearson correlation test. 
The association between the non-continuous parameters, such as gender, EPC/EP, or location of the tumour, 
was evaluated using the Pearson Chi-Square test or the Fisher´s test as appropriate. All statistical analyses were 
performed with SPSS software (IBM SPSS Statistics for Windows ver.26). P values less than 0.05 were considered 
statistically significant.

Results
Patient and tumour characteristics. Patient and tumour data are summarized in Table 2. We established 
no association between EPC/ EP and gender (p > 0.05), EPC/ EP and tumour location (p > 0.05), tumour size and 
EPC/EP (p > 0.05). Two of the EPCs were already recurrences from the former excision and two were systemi-
cally metastasized at the time of surgery.

Lymphocyte density in EPCs and EPs. The representative immunohistochemical staining examples are 
shown in Fig. 1. One EP sample was excluded from further analysis as there was no remaining tumour in the 
immunostained sections. Due to lack of tissue samples or a high background staining in the CD8 staining, one 

Table 1.  Primary antibodies and incubation time.

Target protein Clone Dilution Incubation time and temperature Manufacturer

CD3 SP7 1:200 30 min at RT Thermo Fisher Scientific, Cheshire, UK

CD4 EPR6855 1:500 60 min at RT Abcam, Cambridge, UK

CD8 EP1150Y 1:2000 30 min at RT Abcam, Cambridge, UK

CD20 L26 1:100 60 min at RT Abcam, Cambridge, UK
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Table 2.  Summary of patient and tumour data. *Longest diameter of the tumour.

EPC EP

N 10 49

Mean age (years) 69.6 [range 22–88] 59.4 [range 7–89]

Gender (M/F/no data) 5/5 20/26/3

Location

Head and neck 3 11

Trunk 4 13

Extremities 3 23

No data – 2

Mean tumour size* (mm) 50.1 [range 5–150] 16.51 [range 3–55]

No data 1 12

Figure 1.  TIL density in EPCs and EPs. (a) Representative pictures of immunohistochemistry. * = macrophages. 
Scale bar = 50um. (b) Comparison of the density of CD3+ cells and CD20+ cells between EPCs and EPs. EPC 
n = 10, EP n = 48. Mean and median of the density of CD3+ cells was 36.9 ± 17.6 and 10.1 respectively in EPCs 
and 62.7 ± 12.0, 23.8 in EPs. p = 0.313. Mean and median of the density of CD20+ cells was 54.0 ± 48.9, 1.4 in 
EPCs and 9.6 ± 5.2, 1.3 in EPs.
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CD4 staining in EP, four CD8 stainings in EP and EPC were not available. The numbers of CD3+, CD4+, CD20+ 
lymphocytes counted automatically and the CD8+ lymphocytes counted manually are listed in Table 3.

Distribution of TLSs. CD3 and CD20 immunostained parallel sections of the same tumours were evalu-
ated for TLS. A TLS consists of a dense CD20+ B cell follicle adjacent to a CD3+ cell  zone20. Under these criteria, 
1 EPC and 4 EPs were positive for TLSs, which is 10% in EPCs and 8.3% in EPs. The representative pictures of 
TLSs in our samples are shown in Fig. 2.

Relation of UV exposure to lymphocyte densities. Examples of solar elastosis in grades 0–3 are pro-
vided in Fig. 3. The number of samples classified into each group is given in Fig. 4a. The solar elastosis grade 
did not associate with EPC or EP , gender, tumour location or tumour size (all p-values > 0.05). Figure 4b shows 
the distribution of the lymphocyte densities in the samples of each grade. Statistical analysis of the association 
between the solar elastosis grade and the density of CD4+ and CD8+ lymphocytes revealed a significant nega-
tive correlation (CD4+ n = 52, r = −0.286, p = 0.04. CD8+ n = 49, r = −0.305, p = 0.033). The results of the same 
analysis conducted on EPCs and EPs separately are given as Supplementary Fig. 1.

In an attempt to explore the relation between the solar elastosis grade and the density of lymphocytes sepa-
rately for EPCs and EPs despite the small sample size of EPC, the samples of grade 0 and 1 were grouped into 
a low-solar elastosis grade group and those of grade 2 and 3 were placed in a high-solar elastosis grade group. 
Plots of EPCs and EPs, given as Fig. 4c, d, respectively, showed a tendency towards a higher number of lympho-
cytes in samples with a low solar elastosis grade. The statistical significance of this tendency is proved in part, in 

Table 3.  Density of each lymphocyte type (DAB+ cells/mm2).

Mean Median Range N

EPC

CD3+ 36.9 ± 17.6 10.2 1.9–186.2 10

CD4+ 110.7 ± 36.6 69.4 9.2–331.1 10

CD8+ 27.4 ± 10.6 13.4 1.5–75.5 8

CD20+ 54.0 ± 48.9 1.5 0.0–493.8 10

EP

CD3+ 62.7 ± 12.0 23.8 0.0–353.4 48

CD4+ 64.8 ± 14.1 34.4 0.0–489.6 47

CD8+ 13.1 ± 2.2 8.6 0.0–59.0 46

CD20+ 9.6 ± 5.2 1.3 0.0–242.9 48

Figure 2.  TLSs in EPCs and EPs. Dense CD20+ B cell follicle abuts a CD3+ T cell zone. Scale bar = 100um.
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that CD3+, CD8+, CD4+ TILs were more densely distributed in EPs of the low-solar elastosis group (p = 0.015, 
p = 0.05, p = 0.037, respectively). However, in EPCs this observation did not reach statistical significance.

Discussion
To our knowledge, this is the first study characterizing the distribution of TILs and TLSs in both EPCs and EPs. 
The TIL infiltration pattern in our cohort ranged from 0 DAB+/mm2 to highly positive, a few hundred DAB+/
mm2 as in density, which is in accordance with the previous report on  EPCs3 and other skin  tumours17,31. There 
was no statistically significant difference in the density of TILs between EPs and EPCs. The lack of such a differ-
ence might reflect a similar immune environment in both EP and EPC. The differences in neoantigen load and 
immunogenicity between EP and EPC have not been previously studied. It is possible that immunosuppression 
is a factor in EP development and transformation to EPC is driven by other factors such as accumulation of 
genomic aberrations during the cancer progression. A sequencing study reported that 36% of EPCs harboured 
RB1 mutations and 31% of EPCs harboured TP53 mutations while none of EPs had a mutation in the  genes32. 
KRAS was recurrently mutated in EPCs, whereas not in  EPs33.

Our series showed 10% positivity of TLSs in EPCs and 8.3% in EPs. Our figures are extremely low compared 
to most of the other tumours reported so far. For instance, in a cohort of 125 breast cancer samples, 60% were 
TLS  positive34. In a cohort of 351 colorectal cancer samples, 78.6% were TLS  positive35 and all the 534 pancreatic 
ductal carcinomas were TLS  positive24. However, in clear cell renal cell carcinomas, TLSs were  scarce36 as in our 
EPCs and EPs.

In this study, we found that the more UV-induced damage observed in the skin near the tumour, the less 
CD3+, CD4+ and CD8+ TILs were identified. One hypothesis of a cause to this phenomenon is UV-induced 
immunosuppression. UV-damage leads to induction and activation of immunosuppressive regulatory T cells, 
decreased number and function of Langerhans  cells37 and increased release of immunosuppressive mediators, 
such as interleukin (IL)-1038. Langerhans cells function as antigen-presenting cells in the skin and initiate an 
immunological response by interacting with lymphocytes, thus affecting negatively to Langerhans cell function 
interferes with the immune system in the  skin39. It is also known that in phototherapy used for dermatological 
diseases, irradiation of UV-B and UV-A plus psoralen causes down-regulation of the IL-23/ T-helper 17 (Th17) 
cell axis and induces Tregs involving CTLA4  signaling40. UV-damage also decreases the number of dendritic 
epidermal T cells (DETCs)41, which are known to induce CD8+ T  cells42. Additionally, UVB radiation has been 
proven to induce apoptosis of cutaneous T-cells in both in vitro and in vivo  settings39.

On the other hand, exposure to UV could result in an increased number of TILs. For instance, a cohort of 
Merkel cell polyoma virus negative Merkel cell carcinomas exhibited high TILs and a high PD-L1 expression 
corresponding with a higher UV-associated mutation  burden43. Our study suggests that in the microenviron-
ment of EPs and EPCs, the influence of UV-induced immunosuppression exceeds the TIL-induction reacting 
to mutations. One of the possible mechanisms under this observation is immune evasion caused by mutations 
in genes coding components of class I MHC. Although there is no study so far investigating this topic in EPs 
and EPCs, studies with colorectal cancers have revealed that in tumours with high microsatellite-instability, the 
expression of HLA-A, HLA-B, and HLA-C were decreased and incidence of mutations in B2M were  increased44. 
HLA-A, HLA-B, and HLA-C encode the alpha chain of class I MHC and B2M encodes the beta chain of class I 
MHC, both enabling the peptide to be presented to specific receptors on the surface of cytotoxic T  cells44. Also in 

Figure 3.  Examples of solar elastosis grading. (a) No visible fibres, grade 0. (b) Arrow points to a single 
elastic fibre. Grade 1. (c) Arrows point to bunches of fibres. Grade 2. (d) Dotted line circles the homogeneous 
basophilic material. Grade 3.
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non-small cell lung cancer, a high neoantigen burden was associated with loss of heterozygosity in  HLA45. These 
immune evasion by tumours with high mutation burden are hypothesized to be the result of gene mutations 
that indirectly decrease the expression of the  genes44. Additionally, mutations resulting in upregulation of WNT 
signalling have been proven to be associated with lower T-cell density in colorectal  cancer46 and in  melanoma47. 
According to a study of non-small cell lung cancer, treatment with EGFR tyrosine kinase inhibitors increased 
tumour mutation burden and decreased CD8+ TIL  densities48. Clarification of the association between tumour 
mutation burden and TIL infiltration in EPs and EPCs warrants further genomic investigations.

The mean number of CD4 cells was higher than that of CD3 cells. This could be due to the macrophage 
population, which also stains positive with CD4 marker. Although we calibrated the parameters of the counting 
system, it was not possible to completely prevent macrophages from being counted as positive. The strong cor-
relation of the CD4+ density with the CD3+ density (r = 0.754, p = 0.000. data not shown) supports the hypothesis 
that even though part of macrophages were counted, this happened evenly throughout the samples, justifying 
the use of a number of CD4+ cells independently from that of other TIL types in the analysis. In this study, the 
number of samples was limited because of the rarity of EPC. This weakened the power of statistical analyses. 
Also, as most of the subjects lived till the end of follow-up, the prognostic or predictive value of TIL could not 
be analyzed in this study. This topic warrants further investigation, preferably with a bigger cohort.

Immunosuppression has been suggested as one of the risk factors of EPC and of malignant transformation 
from EP to  EPC1. An altered immunological environment could be one of the mechanisms underlying the con-
tribution of UV radiation to carcinogenesis.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request. However, raw datasets containing identifying information on individual patients 
are confidential under Finnish law and cannot be made available as such.

Figure 4.  Relation of UV exposure to lymphocyte densities. (a) Number of samples classified into each 
solar-elastosis grade. The H&E staining of one EPC and four EPs did not contain adequate normal skin for 
the evaluation. (b) Distribution of the lymphocyte densities in samples of each grade. (c) Solar elastosis and 
lymphocyte density in EPCs. Sample of solar elastosis grades 0, 1 were in L (Low-solar elastosis) group and 
grade 2, 3 samples were in H (High-solar elastosis) group. CD3 H n = 4, L n = 5. H mean 13.9 ± 7.7, median 
8.7. L: mean 54.4 ± 34.4, median 9.5. p = 0.413. CD8 H n = 3, L n = 4. H: mean 4.1 ± 1.8, median 3.3. L: mean 
39.0 ± 17.2, median 39.2. p = 0.229. CD4 H n = 4, L n = 5. H: mean 32.6 ± 11.9, median 28.1. L: mean 136.0 ± 53.4, 
median 85.4. p = 0.063. CD20 H n = 4, L n = 5. H: mean 1.9 ± 1.3, median 1.1. L: mean 104.7 ± 97.4, median 
0.89. p = 0.413. (d) Solar elastosis and lymphocyte density in EPs. CD3 H n = 27, L n = 17. H mean 50.4 ± 15.7, 
median 16.4. L: mean 93.8 ± 21.0, median 59.8. p = 0.015. CD8 H n = 25, L n = 17. H: mean 10.4 ± 2.6, median 
6.0. L: mean 19.1 ± 4.1, median 12.3. p = 0.05. CD4 H n = 27, L n = 16. H: mean 47.9 ± 15.5, median 28.0. L: mean 
101.3 ± 30.4, median 62.4. p = 0.037. CD20 H n = 27, L n = 17. H: mean 5.7 ± 2.3, median 1.1. L: mean 17.8 ± 14.1, 
median 2.0. p = 0.554.



7

Vol.:(0123456789)

Scientific Reports |         (2022) 12:5529  | https://doi.org/10.1038/s41598-022-09490-5

www.nature.com/scientificreports/

Received: 17 October 2021; Accepted: 23 March 2022

References
 1. Belin, E. et al. Factors in the surgical management of primary eccrine porocarcinoma: prognostic histological factors can guide 

the surgical procedure. Br. J. Dermatol. 165, 985–989. https:// doi. org/ 10. 1111/j. 1365- 2133. 2011. 10486.x (2011).
 2. Behbahani, S. et al. Demographics and outcomes of eccrine porocarcinoma: Results from the National Cancer Database. Br. J. 

Dermatol. 183, 161–163. https:// doi. org/ 10. 1111/ bjd. 18874 (2020).
 3. Robson, A. et al. Eccrine porocarcinoma (malignant eccrine poroma): A clinicopathologic study of 69 cases. Am. J. Surg. Pathol. 

25, 710–720. https:// doi. org/ 10. 1097/ 00000 478- 20010 6000- 00002 (2001).
 4. Luz Mde, A., Ogata, D. C., Montenegro, M. F., Biasi, L. J. & Ribeiro, L. C. Eccrine porocarcinoma (malignant eccrine poroma): a 

series of eight challenging cases. Clinics 65, 739–742. https:// doi. org/ 10. 1590/ S1807- 59322 01000 07000 14 (2010).
 5. Merilainen, A. S., Pukkala, E., Bohling, T. & Koljonen, V. Malignant eccrine porocarcinoma in Finland during 2007 to 2017. Acta 

Derm. Venereol. 101, adv00363. https:// doi. org/ 10. 2340/ 00015 555- 3718 (2021).
 6. Nazemi, A. et al. Eccrine porocarcinoma: New insights and a systematic review of the literature. Dermatol. Surg. 44, 1247–1261. 

https:// doi. org/ 10. 1097/ DSS. 00000 00000 001566 (2018).
 7. Ameen, M., Kwan, J. & Mortimer, P. S. Metastatic eccrine porocarcinoma presenting with lymphoedema. Br. J. Dermatol. 150, 

607–609. https:// doi. org/ 10. 1046/j. 1365- 2133. 2004. 05815.x (2004).
 8. Brown, C. W. Jr. & Dy, L. C. Eccrine porocarcinoma. Dermatol. Ther. 21, 433–438. https:// doi. org/ 10. 1111/j. 1529- 8019. 2008. 00243.x 

(2008).
 9. Shaw, M., McKee, P. H., Lowe, D. & Black, M. M. Malignant eccrine poroma: A study of twenty-seven cases. Br. J. Dermatol. 107, 

675–680. https:// doi. org/ 10. 1111/j. 1365- 2133. 1982. tb005 27.x (1982).
 10. Pinkus, H. & Mehregan, A. H. Epidermotropic eccrine carcinoma. A case combining features of eccrine poroma and Paget’s 

dermatosis. Arch Dermatol. 88, 597–606. https:// doi. org/ 10. 1001/ archd erm. 1963. 01590 23010 5015 (1963).
 11. Maguire, C. A., Kazlouskaya, V., Buchen, D., Heller, P. & Elston, D. M. Porocarcinoma with perineural invasion. Indian Dermatol. 

Online J. 6, 122–125. https:// doi. org/ 10. 4103/ 2229- 5178. 153018 (2015).
 12. Goon, P. K. C. et al. Eccrine porocarcinoma of the skin is rising in incidence in the east of England. Acta Derm. Venereol. 98, 

991–992. https:// doi. org/ 10. 2340/ 00015 555- 3000 (2018).
 13. Salih, A. M. et al. Porocarcinoma; presentation and management, a meta-analysis of 453 cases. Ann. Med. Surg. 20, 74–79. https:// 

doi. org/ 10. 1016/j. amsu. 2017. 06. 027 (2017).
 14. Marone, U. et al. Metastatic eccrine porocarcinoma: Report of a case and review of the literature. World J. Surg. Oncol. 9, 32. https:// 

doi. org/ 10. 1186/ 1477- 7819-9- 32 (2011).
 15. Chen, D. S. & Mellman, I. Elements of cancer immunity and the cancer-immune set point. Nature 541, 321–330. https:// doi. org/ 

10. 1038/ natur e21349 (2017).
 16. Ricci, C. et al. Prognostic impact of MCPyV and TIL subtyping in merkel cell carcinoma: Evidence from a large European cohort 

of 95 patients. Endocr. Pathol. 31, 21–32. https:// doi. org/ 10. 1007/ s12022- 019- 09601-5 (2020).
 17. Sihto, H. et al. Tumour infiltrating immune cells and outcome of merkel cell carcinoma: A population-based study. Clin. Cancer 

Res. 18, 2872–2881. https:// doi. org/ 10. 1158/ 1078- 0432. Ccr- 11- 3020 (2012).
 18. Piras, F. et al. The predictive value of CD8, CD4, CD68, and human leukocyte antigen-D-related cells in the prognosis of cutaneous 

malignant melanoma with vertical growth phase. Cancer 104, 1246–1254. https:// doi. org/ 10. 1002/ cncr. 21283 (2005).
 19. Mellman, I., Coukos, G. & Dranoff, G. Cancer immunotherapy comes of age. Nature 480, 480–489. https:// doi. org/ 10. 1038/ natur 

e10673 (2011).
 20. Sautes-Fridman, C., Petitprez, F., Calderaro, J. & Fridman, W. H. Tertiary lymphoid structures in the era of cancer immunotherapy. 

Nat. Rev. Cancer 19, 307–325. https:// doi. org/ 10. 1038/ s41568- 019- 0144-6 (2019).
 21. Goc, J. et al. Dendritic cells in tumour-associated tertiary lymphoid structures signal a Th1 cytotoxic immune contexture and 

license the positive prognostic value of infiltrating CD8+ T cells. Cancer Res. 74, 705–715. https:// doi. org/ 10. 1158/ 0008- 5472. 
CAN- 13- 1342 (2014).

 22. Yamakoshi, Y. et al. Immunological potential of tertiary lymphoid structures surrounding the primary tumour in gastric cancer. 
Int. J. Oncol. 57, 171–182. https:// doi. org/ 10. 3892/ ijo. 2020. 5042 (2020).

 23. Li, Q. et al. CD8(+) T cells located in tertiary lymphoid structures are associated with improved prognosis in patients with gastric 
cancer. Oncol. Lett. 20, 2655–2664. https:// doi. org/ 10. 3892/ ol. 2020. 11828 (2020).

 24. Hiraoka, N. et al. Intratumoural tertiary lymphoid organ is a favourable prognosticator in patients with pancreatic cancer. Br. J. 
Cancer 112, 1782–1790. https:// doi. org/ 10. 1038/ bjc. 2015. 145 (2015).

 25. Behr, D. S. et al. Prognostic value of immune cell infiltration, tertiary lymphoid structures and PD-L1 expression in Merkel cell 
carcinomas. Int. J. Clin. Exp. Pathol. 7, 7610–7621 (2014).

 26. Messina, J. L. et al. 12-Chemokine gene signature identifies lymph node-like structures in melanoma: potential for patient selection 
for immunotherapy?. Sci. Rep. 2, 765. https:// doi. org/ 10. 1038/ srep0 0765 (2012).

 27. Tuominen, V. J., Ruotoistenmaki, S., Viitanen, A., Jumppanen, M. & Isola, J. ImmunoRatio: A publicly available web application for 
quantitative image analysis of estrogen receptor (ER), progesterone receptor (PR), and Ki-67. Breast Cancer Res. 12, R56. https:// 
doi. org/ 10. 1186/ bcr26 15 (2010).

 28. Popp, A. et al. A New Intraepithelial gammadelta T-lymphocyte marker for celiac disease classification in formalin-fixed paraffin-
embedded (FFPE) duodenal biopsies. Dig. Dis. Sci. https:// doi. org/ 10. 1007/ s10620- 020- 06680-x (2020).

 29. Elder, D. E., Bastian, B. C., Cree, I. A., Massi, D. & Scolyer, R. A. The 2018 World Health Organization classification of cutaneous, 
mucosal, and uveal melanoma: Detailed analysis of 9 distinct subtypes defined by their evolutionary pathway. Arch. Pathol. Lab. 
Med. 144, 500–522. https:// doi. org/ 10. 5858/ arpa. 2019- 0561- RA (2020).

 30. Landi, M. T. et al. MC1R germline variants confer risk for BRAF-mutant melanoma. Science 313, 521–522. https:// doi. org/ 10. 
1126/ scien ce. 11275 15 (2006).

 31. Maibach, F., Sadozai, H., Seyed Jafari, S. M., Hunger, R. E. & Schenk, M. Tumour-infiltrating lymphocytes and their prognostic 
value in cutaneous melanoma. Front. Immunol. 11, 2105. https:// doi. org/ 10. 3389/ fimmu. 2020. 02105 (2020).

 32. Bosic, M. et al. Targeted molecular profiling reveals genetic heterogeneity of poromas and porocarcinomas. Pathology 50, 327–332. 
https:// doi. org/ 10. 1016/j. pathol. 2017. 10. 011 (2018).

 33. Sekine, S. et al. Recurrent YAP1-MAML2 and YAP1-NUTM1 fusions in poroma and porocarcinoma. J. Clin. Invest. 129, 3827–3832. 
https:// doi. org/ 10. 1172/ JCI12 6185 (2019).

 34. Buisseret, L. et al. Tumour-infiltrating lymphocyte composition, organization and PD-1/ PD-L1 expression are linked in breast 
cancer. Oncoimmunology 6, e1257452. https:// doi. org/ 10. 1080/ 21624 02X. 2016. 12574 52 (2017).

 35. Di Caro, G. et al. Occurrence of tertiary lymphoid tissue is associated with T-cell infiltration and predicts better prognosis in 
early-stage colorectal cancers. Clin. Cancer Res. 20, 2147–2158. https:// doi. org/ 10. 1158/ 1078- 0432. CCR- 13- 2590 (2014).

 36. Giraldo, N. A. et al. Orchestration and prognostic significance of immune checkpoints in the microenvironment of primary and 
metastatic renal cell cancer. Clin. Cancer Res. 21, 3031–3040. https:// doi. org/ 10. 1158/ 1078- 0432. CCR- 14- 2926 (2015).

https://doi.org/10.1111/j.1365-2133.2011.10486.x
https://doi.org/10.1111/bjd.18874
https://doi.org/10.1097/00000478-200106000-00002
https://doi.org/10.1590/S1807-59322010000700014
https://doi.org/10.2340/00015555-3718
https://doi.org/10.1097/DSS.0000000000001566
https://doi.org/10.1046/j.1365-2133.2004.05815.x
https://doi.org/10.1111/j.1529-8019.2008.00243.x
https://doi.org/10.1111/j.1365-2133.1982.tb00527.x
https://doi.org/10.1001/archderm.1963.01590230105015
https://doi.org/10.4103/2229-5178.153018
https://doi.org/10.2340/00015555-3000
https://doi.org/10.1016/j.amsu.2017.06.027
https://doi.org/10.1016/j.amsu.2017.06.027
https://doi.org/10.1186/1477-7819-9-32
https://doi.org/10.1186/1477-7819-9-32
https://doi.org/10.1038/nature21349
https://doi.org/10.1038/nature21349
https://doi.org/10.1007/s12022-019-09601-5
https://doi.org/10.1158/1078-0432.Ccr-11-3020
https://doi.org/10.1002/cncr.21283
https://doi.org/10.1038/nature10673
https://doi.org/10.1038/nature10673
https://doi.org/10.1038/s41568-019-0144-6
https://doi.org/10.1158/0008-5472.CAN-13-1342
https://doi.org/10.1158/0008-5472.CAN-13-1342
https://doi.org/10.3892/ijo.2020.5042
https://doi.org/10.3892/ol.2020.11828
https://doi.org/10.1038/bjc.2015.145
https://doi.org/10.1038/srep00765
https://doi.org/10.1186/bcr2615
https://doi.org/10.1186/bcr2615
https://doi.org/10.1007/s10620-020-06680-x
https://doi.org/10.5858/arpa.2019-0561-RA
https://doi.org/10.1126/science.1127515
https://doi.org/10.1126/science.1127515
https://doi.org/10.3389/fimmu.2020.02105
https://doi.org/10.1016/j.pathol.2017.10.011
https://doi.org/10.1172/JCI126185
https://doi.org/10.1080/2162402X.2016.1257452
https://doi.org/10.1158/1078-0432.CCR-13-2590
https://doi.org/10.1158/1078-0432.CCR-14-2926


8

Vol:.(1234567890)

Scientific Reports |         (2022) 12:5529  | https://doi.org/10.1038/s41598-022-09490-5

www.nature.com/scientificreports/

 37. Vieyra-Garcia, P. A. & Wolf, P. From early immunomodulatory triggers to immunosuppressive outcome: therapeutic implications 
of the complex interplay between the wavebands of sunlight and the skin. Front. Med. 5, 232. https:// doi. org/ 10. 3389/ fmed. 2018. 
00232 (2018).

 38. Wolf, P. et al. Topical treatment with liposomes containing T4 endonuclease V protects human skin in vivo from ultraviolet-
induced upregulation of interleukin-10 and tumour necrosis factor-alpha. J. Invest. Dermatol. 114, 149–156. https:// doi. org/ 10. 
1046/j. 1523- 1747. 2000. 00839.x (2000).

 39. Matsumura, Y. & Ananthaswamy, H. N. Toxic effects of ultraviolet radiation on the skin. Toxicol. Appl. Pharmacol. 195, 298–308. 
https:// doi. org/ 10. 1016/j. taap. 2003. 08. 019 (2004).

 40. Singh, T. P. et al. 8-methoxypsoralen plus ultraviolet A therapy acts via inhibition of the IL-23/Th17 axis and induction of Foxp3+ 
regulatory T cells involving CTLA4 signaling in a psoriasis-like skin disorder. J. Immunol. 184, 7257–7267. https:// doi. org/ 10. 
4049/ jimmu nol. 09037 19 (2010).

 41. Xiang, J., Qiu, M. & Zhang, H. Role of dendritic epidermal T cells in cutaneous carcinoma. Front. Immunol. 11, 1266. https:// doi. 
org/ 10. 3389/ fimmu. 2020. 01266 (2020).

 42. Cavanagh, L. L., Beroan, R., Basten, A. & Halliday, G. M. Dendritic epidermal T-cell involvement in induction of CD8+ T cell-
mediated immunity against an ultraviolet radiation-induced skin tumour. Int. J. Cancer. 70(1), 98–105 (1997).

 43. Wong, S. Q. et al. UV-associated mutations underlie the etiology of MCV-negative Merkel cell carcinomas. Cancer Res. 75, 
5228–5234. https:// doi. org/ 10. 1158/ 0008- 5472. CAN- 15- 1877 (2015).

 44. Kawazu, M. et al. HLA class I analysis provides insight into the genetic and epigenetic background of immune evasion in colorectal 
cancer with high microsatellite instability. Gastroenterology https:// doi. org/ 10. 1053/j. gastro. 2021. 10. 010 (2021).

 45. McGranahan, N. et al. Allele-specific HLA loss and immune escape in lung cancer evolution. Cell 171, 1259–1271 e1211. https:// 
doi. org/ 10. 1016/j. cell. 2017. 10. 001 (2017).

 46. Grasso, C. S. et al. Genetic mechanisms of immune evasion in colorectal cancer. Cancer Discov. 8, 730–749. https:// doi. org/ 10. 
1158/ 2159- 8290. CD- 17- 1327 (2018).

 47. Spranger, S., Bao, R. & Gajewski, T. F. Melanoma-intrinsic beta-catenin signalling prevents anti-tumour immunity. Nature 523, 
231–235. https:// doi. org/ 10. 1038/ natur e14404 (2015).

 48. Isomoto, K. et al. Impact of EGFR-TKI treatment on the tumour immune microenvironment in EGFR mutation-positive non-small 
cell lung cancer. Clin. Cancer Res. 26, 2037–2046. https:// doi. org/ 10. 1158/ 1078- 0432. CCR- 19- 2027 (2020).

Acknowledgements
This study was funded by the Jane and Aatos Erkko Foundation (4706174), Research Funds of the University 
of Helsinki (7360411) and Helsinki University Central Hospital (HUCH) Competitive Research Fund (EVO) 
(TYH2020208).

Author contributions
M.P., H.S. and V.K. developed the concept of the study. T.B. confirmed the diagnosis of EPC/EP. M.P. performed 
the immunohistochemistry. M.P., H.S., J.I. and O.Y. contributed to the analyses and M.P. and H.S. performed the 
statistical evaluation. M.P. wrote the manuscript and all authors discussed and revised it towards the final version.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 09490-5.

Correspondence and requests for materials should be addressed to M.P.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

https://doi.org/10.3389/fmed.2018.00232
https://doi.org/10.3389/fmed.2018.00232
https://doi.org/10.1046/j.1523-1747.2000.00839.x
https://doi.org/10.1046/j.1523-1747.2000.00839.x
https://doi.org/10.1016/j.taap.2003.08.019
https://doi.org/10.4049/jimmunol.0903719
https://doi.org/10.4049/jimmunol.0903719
https://doi.org/10.3389/fimmu.2020.01266
https://doi.org/10.3389/fimmu.2020.01266
https://doi.org/10.1158/0008-5472.CAN-15-1877
https://doi.org/10.1053/j.gastro.2021.10.010
https://doi.org/10.1016/j.cell.2017.10.001
https://doi.org/10.1016/j.cell.2017.10.001
https://doi.org/10.1158/2159-8290.CD-17-1327
https://doi.org/10.1158/2159-8290.CD-17-1327
https://doi.org/10.1038/nature14404
https://doi.org/10.1158/1078-0432.CCR-19-2027
https://doi.org/10.1038/s41598-022-09490-5
https://doi.org/10.1038/s41598-022-09490-5
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	UV-induced local immunosuppression in the tumour microenvironment of eccrine porocarcinoma and poroma
	Methods and materials
	Immunohistochemistry. 
	Hematoxylin and eosin (H&E) staining and solar elastosis grading. 
	Statistical analyses. 

	Results
	Patient and tumour characteristics. 
	Lymphocyte density in EPCs and EPs. 
	Distribution of TLSs. 
	Relation of UV exposure to lymphocyte densities. 

	Discussion
	References
	Acknowledgements


