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Abstract
Breast cancer (BC) is the second leading cause of cancer death in women worldwide, and settings of specific prognostic 
factors and efficacious therapies are made difficult by phenotypic heterogeneity of BC subtypes. Therefore, there is a 
current urgent need to define novel predictive genetic predictors that may be useful for stratifying patients with distinct 
prognostic outcomes. Here, we looked for novel molecular signatures for triple negative breast cancers (TNBCs). By a 
bioinformatic approach, we identified a panel of genes, whose expression was positively correlated with disease-free sur-
vival in TNBC patients, namely IL18R1, CD53, TRIM, Jaw1, LTB, and PTPRCAP, showing specific immune expression profiles 
linked to survival prediction; most of these genes are indeed expressed in immune cells and are required for productive 
lymphocyte activation. According to our hypothesis, these genes were not, or poorly, expressed in different TNBC cell 
lines, derived from either primary breast tumours or metastatic pleural effusions. This conclusion was further supported 
in vivo, as immuno-histochemical analysis on biopsies of TNBC invasive ductal carcinomas highlighted differential expres-
sion of these six genes in cancer cells, as well as in intra- and peri-tumoral infiltrating lymphocytes. Our data open to the 
possibility that inter-tumour heterogeneity of immune markers might have predictive value; further investigations are 
recommended in order to establish the real power of cancer-related immune profiles as prognostic factors.
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1 Introduction

Breast cancer is the most commonly diagnosed cancer among women aged 20–60 years, with over 2,000,000 new 
diagnosed cases every year, worldwide. Although incidence rates have been stable or even decreased in recent years, 
nonetheless this tumour remains the second leading cause of cancer death in women [1, 2].

Difficulty in setting effective therapeutic treatments resides in the phenotypic heterogeneity observed within breast 
cancer subtypes. Integrated information across different molecular platforms (mRNA and protein expression, DNA 
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methylation, microRNA and whole exome sequencing, SNP arrays) identifies four main breast cancer classes [namely 
luminal A, luminal B, human epidermal growth factor receptor 2 (HER2)-enriched and basal-like subtypes], differing in 
terms of prognosis and response to therapy [3, 4]. Luminal A and B breast cancers, characterized by positivity for estrogen 
receptor (ER), are the most heterogeneous ones, but are well responsive to hormone therapy, while patients carrying 
the HER2 subtype of breast cancer are sensitive to trastuzumab treatment [5]. The most aggressive and with the worst 
prognosis are the basal-like subtypes, also referred to as triple-negative breast cancers (TNBC), because more than 80% 
of these tumours are typically negative for ER, HER2 and progesterone receptor (PR); this phenotype makes TNBC hardly 
responsive to available and accessible therapies [5].

During the last few years, new evidence has highlighted the key role of host immune-surveillance in influencing 
tumour biology. Basically, in the early stages of cancerogenesis, tumour-associated antigens can prime immune cells 
[macrophages, natural killer (NK) cells and  CD8+ cytotoxic T lymphocytes (CTL)] present in the stromal microenviron-
ment, which, in turn, elicit a potent anti-tumour response [6, 7] that could also be manipulated for tissue repair [8]. The 
beneficial effects of immune surveillance are proven by the finding that levels of tumour infiltrating lymphocytes (TIL) 
strongly correlated with better prognosis in several cancer types, including melanoma, colorectal, oral squamous cell, 
ovarian and breast carcinomas [9], as well as in the microbiome [10, 11]. Over time, however, an “escape phase” is estab-
lished, allowing transformed cells to survive, thus leading to tumour progression and invasion [12, 13]. Immune evasion 
strategies occur via multiple mechanisms, including down-regulation of tumour-associated antigens, increased expres-
sion of pro-survival/resistance genes, development of immune tolerance, and establishment of an immune-suppressive 
microenvironment [7, 14, 15].

Based on these findings, cancer immunotherapy is currently been developed, in order to enhance innate and adap-
tive immune responses [16, 17]: in particular, immune checkpoint inhibitors [like those of CTLA-4, programmed death 
receptor-1 (PD-1) and its ligand PDL-1] are among the most innovative approaches designed for antagonizing immune 
tolerance and inducing tumour regression [18–21].

Taken together, all these evidences underline the relevance of immune responses in cancer biology and suggest 
immune profiles as useful tools for improvement of diagnosis and prognosis in breast cancer. By a bioinformatic approach, 
we checked for potential prognostic factors in TNBC: our analysis showed that some immune-related genes were associ-
ated with disease-free survival and, therefore, may be promising factors for estimating the natural history of the tumour 
and the chance of disease recurring.

2  Materials and methods

2.1  Cell cultures

The breast cancer cell lines HCC1937, MDA-MB-231, MDA-MB-436, MDA-MB-453, MDA-MB-468, BT20 and BT549 were 
obtained from American Type Tissue Culture (Manassas, VA, USA). BT549 and HCC1937 cells were maintained in RPMI-
1640 culture medium, while the other cell lines were maintained in Dulbecco’s modified Eagle’s medium (DMEM). Both 
media were supplemented with 10% FBS, 100 μg/mL kanamycin, 0.1 mg/mL sodium pyruvate (Biowest, Texas, USA) and 
cultured in a humidified 5%  CO2 atmosphere at 37 °C.

2.2  Real time polymerase chain reaction (RT‑PCR)

Total RNA was extracted by using the RNeasy Mini Kit, according to the manufacturer’s protocol (Qiagen, Hilden, Ger-
many). One μg of RNA was reverse transcribed by using the GoTaq Reverse Transcription System (Promega, Madison, WI, 
USA), and the resulting cDNA was amplified on a 7500 Fast Real-Time PCR system (Applied Biosystems, Thermo Fisher 
Scientific, Waltham, MA, USA), by using GoTaq qPCR Master Mix (Promega), with processing at 95 °C for 10 min, 95 °C for 
15 s and 60 °C for 1 min, for 40 cycles. The relative expression levels of genes were calculated using the  2−ΔΔCt method. 
RPL21 was used as reference gene in all reactions.

2.3  Western blot

Cells were lysed in RIPA buffer (1% NP-40, 0.1% SDS, 150 mM NaCl, 50 mM Tris–HCl pH 7.5, 0.5% sodium deoxycholate), 
containing protease inhibitor cocktail (Sigma, Saint Louis, MO, USA). Twenty μg of total proteins were separated by 
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SDS-PAGE, transferred onto PVDF membrane (GE Healthcare, Little Chalfont, UK), incubated with the specific antibod-
ies and detected with enhanced chemiluminescence kit (Santa Cruz Biotechnology, Santa Cruz, CA, USA). The primary 
antibodies used were goat anti-TRIM 1:2000 (R&D System, Minneapolis, MN, USA), rabbit anti-CD53 1:1000 (Abcam, Cam-
bridge, UK), rabbit anti-Jaw1 1:500 (Abcam), rabbit anti-IL18R1 1:250 (Novus Biologicals), mouse anti-LTB 1:500 (Abcam), 
rabbit anti-PTPRCAP 1:1000 (ProteinTech, Rosemont, IL, USA), rabbit anti-tubulin 1:500 (Santa Cruz Biotechnology).

2.4  Bioinformatic analysis

Bioinformatic analysis was carried out utilizing the gene expression data sets Metabric [22] downloaded from the origi-
nal portal or from the GEO omnibus repository (http://www.ncbi.nlm.nih.gov/geo/). The Metabric dataset [22, 23], with 
subsequent updates, contains expression profile data of over 2000 breast cancer subtypes (among them, more than 200 
specimens represent TNBC) with over 10 years follow-up, allowing a solid statistical base and separation of the different 
breast cancer subtypes. The rank normalization was applied before analyses. Based on normalized expression values of 
gene of interest, samples were split into 2 groups, those with high expression (above median) and with low expression 
(below median). We used tool we developed and described previously [23–26], see also SynTarget [27], DRUGSURV [28] 
and p53MutaGene [29]. A further description of bioinformatics analyses and algorithms used in this study can be found 
in [30].

2.5  Immunohistochemistry

The expression of IL18R1, LTB, PTPRCAP, CD53, Jaw1 and TRIM was evaluated, by immunohistochemistry, on 12 cases of 
invasive ductal TNBCs. The age of patients was between 42 and 60 years; five subjects experienced disease progression, 
while the remaining seven showed no progression. Concerning histological tumour characteristics, one case was pT1, 
ten were pT2 and one was pT4. Four cases showed the presence of lymph node metastases, while in the other samples 
lymph node negativity was found.

Briefly, antigen retrieval was performed on 3-μm-thick paraffin sections, by using EDTA-citrate pH 7.8 or citrate pH 
6.0 buffers, for 30 min at 98 °C in a thermostatic bath, according to Additional file 2: Table S1. Sections were, then, incu-
bated with primary antibodies (listed in Additional file 2: Table S1), at room temperature for different incubation times, 
depending on the antibody employed. After washings with TBS/Tween20 pH 7.6, antibody positivity was detected by 
HRP-DAB Detection Kit (Novolink Polymer Detection Systems, Leica Biosystems Newcastle Ltd, UK). Immunohistochem-
istry was evaluated by two blind observers (LA and AM), by counting the number of positive breast cells (% of positive 
breast cancers cells).

2.6  Statistical analysis

Data are presented as means ± SD. Statistical analysis was performed by Student’s t-test. For survival analyses, R package 
(https ://www.emily zabor .com/tutor ials/survi val_analy sis_in_r_tutor ial.html) was used and the log-rank p-value was 
reported. P-values of ≤ 0.05 were considered statistically significant.

3  Results

3.1  Immune‑related genes are associated with good prognosis in breast cancer

In order to investigate potential prognostic factors in breast cancer, we performed a bioinformatic analysis, by using 
the tool we developed and described previously [24–26], using the Metabric dataset [22], with subsequent updates, 
containing expression profile data of 2000 breast cancer specimens with over 10 years follow-up.

We identified several genes whose expression showed a strong positive correlation with disease-free survival (up to 
20 years) in TNBC patients (Fig. 1 and Additional file 1: Fig. S1). Out these, we decided to perform further biochemical 
analysis on IL18R1, LTB, CD53, Jaw1, TRIM, PTPRCAP (Fig. 1). The rational was the statistical power, always above  10–5 (in 
fact, 0.0000039 for IL18R1).

Interestingly, most of these genes are mainly expressed in (although not restricted to) immune cells (including B- and 
T-lymphocytes, monocytes, neutrophils and platelets) and are required for productive lymphocyte activation. Among 

http://www.ncbi.nlm.nih.gov/geo/
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specific functions, these genes are involved in T cell receptor signalling [e.g., T cell receptor associated transmembrane 
adaptor 1 (TRIM) and CD45-associated protein (or protein tyrosine phosphatase, receptor type, C-associated protein; 
PTPRCAP)], cytokine production and inflammatory response [e.g., interleukin 18 receptor 1 (IL18R1) and leukocyte surface 
antigen CD53 or tetraspanin 25 (CD53)], immune response regulation and normal development of lymphoid tissue (e.g., 
lymphotoxin β (LTB or TNF-C) and lymphoid-restricted membrane protein (Jaw1)].

Improved survival outcome related to high expression suggested that some of these genes may be promising bio-
markers of life expectancy.

3.2  Analysis of expression in TNBC cell lines

Unexpectedly, the best correlation with survival was not with genes expressed by cancer cells, but by infiltrating host 
cells, and in particular immune cells. Nonetheless, both mRNA differential expression (RNAseq, microarray, SAGE) and 
integrated proteomics (ProteomicsDB, MaxQB, and MOPED) reported the presence of these genes in cells other than 
immune cells [31–36]. Therefore, we tested in vitro the expression of these markers with a set of cancer cells, to formally 
support the observation that these were indeed host immune genes. This, in keeping with the concept of immune 

Fig. 1  Kaplan–Meier plot 
based on the expression level 
of six mRNAs. Disease-free 
survival curves were esti-
mated for high- (green lines) 
and low- (red lines) expression 
in TNBC patients. Datasets: 
Metabric, see main text. The 
p values are indicated in each 
panel
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checkpoint blockade, where host immune regulators (such as CTLA4 and PDL1) show a dramatic effect on cancer pro-
gression (regardless of cancer genetic mutations or subtypes). To this end, we checked, at mRNA and protein levels, the 
expression of selected genes in a panel of TNBC cell lines, derived from either primary breast tumours (HCC1937, BT-20, 
BT-549) or metastatic pleural effusions (MDA-MB-231, MDA MB 436, MDA MB 453, MDA-MB-468).

As expected, four genes out of six were not expressed in any of the tested cell lines, as assessed by real-time PCR (data 
not shown) and Western blot (Fig. 2) (Additional file 3). Conversely, the different cell lines showed variable expression of 
LTB and IL18R1 (Fig. 2), as already reported in different epithelial and carcinoma cells [32–34, 37]. In particular, almost all 
cell lines showed high LTB protein levels, except for MDA-MB-231 cells. Concerning IL18R1 expression, highest levels were 

Fig. 2  Expression of six 
mRNAs in breast cancer cell 
lines. Real-time PCR (a and b) 
and Western blot (c) were per-
formed on the indicated TNBC 
cell lines. Positive controls 
(+) were extracts from Jurkat 
cells. Only graphs related to 
mRNA expression of IL18R1 
(a) and LTB (b) are shown. 
Data are reported as fold over 
positive control (set to 1), 
after normalization to tubulin 
content (S.D. ≤ 5%). Blots are 
representative of three inde-
pendent experiments
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seen in HCC1937 and MDA-MB-436 cells; of note, IL18R1 has been recognized as a differentially expressed gene in BRCA1 
mutation carriers and HCC1937 and MDA-MB-436 are the only two cell lines that harbour BRCA1 gene mutation [38].

3.3  Analysis of expression in breast cancer specimens

In order to confirm our data in vivo, we performed immune-histochemical analysis on biopsies, deriving from twelve 
patients with triple negative invasive ductal carcinoma (mean disease-free survival: 8.9 ± 1.6 years), almost all in pT2, 
with no or few tumour spread to the lymph nodes.

As shown in Table 1, variable positivity for all tested antibodies in cancer cells, as well as in intra- and peri-tumoral 
TILs, was found. CD53, absent in non-tumour ducts, was detected in 50% of breast carcinomas and, in the positive cases, 
a weak nuclear positivity was observed in 5–75% of neoplastic cells (Fig. 3c and d). Conversely, CD53 resulted highly 
expressed both in intra- and peri-tumoral lymphocytes (> 80% positive cells), in all specimens, where intense nuclear 
positivity was found (Fig. 3c and d). Similar expression pattern has been observed for the PTPRCAP antibody: only 41.7% 
of breast carcinoma cells expressed the protein, while TILs were all positive, in all analyzed samples. However, PTPRCAP 
showed expression variability greater than CD53: in the positive cases, nuclear and cytoplasmic staining was seen in a 
number of cells ranging from 5 to 100%.

Nine out of twelve cases (75%) of breast cancer showed weak nuclear and cytoplasmic positivity for Jaw1 antibody, 
and the positivity range was 10–80%. The intra- and peri-tumoral inflammatory infiltrate resulted positive in about half 
of the cases (from 30 to 60% of lymphocytes).

IL18R1 and TRIM antibodies were positive in all tumour samples, although some variability was observed in number 
and staining intensity of positive cells. The percentage of neoplastic cells positive for both antibodies varied from 15 to 
100%, with marked cytoplasmic and membrane positivity for IL18R1 antibody (Fig. 3a and b) and weaker nuclear and 
cytoplasmic positivity for TRIM antibody (Fig. 3e and f ). Positivity for intra- and peri-tumour lymphocytes was also highly 
variable.

Table 1  Summary of mRNA 
expression in breast cancer 
specimens

Tumour cells Non-tumour ducts Intra-tumour TILs Peri-tumour TILs

IL18R1 100% (12/12) 100% (12/12) 57.1% (4/7) 75% (6/8)
Positivity range 55–100% 100% 5–20% 5–50%
Intensity  ++(+)  +++  ++  +++ 
Localization Cytosol/membrane
LTB 25% (3/12) 0 Few Few
Positivity range 15–60%
Intensity  + 
Localization Nucleus
CD53 50% (6/12) 0 100% (7/7) 100% (10/10)
Positivity range 5–75% 80% 80–100%
Intensity  +(+)  ++(+)  ++(+)
Localization Nucleus
Jaw1 75% (9/12) 75% (9/12) 42.8% (3/7) 44.4% (4/9)
Positivity range 10–80% 40% 30–60%
Intensity  +  +(+)  +  + 
Localization Cytosol Nucleus/cytosol Cytosol Cytosol
TRIM 91.7% (11/12) 50% (6/12) 71.4% (5/7) 70% (7/10)
Positivity range 15–80% 10–70% 7–70%
Intensity  +(+)  +(+)  +(+)  +(+)
Localization Nucleus/cytosol Nucleus/cytosol Nucleus/cytosol
PTPRCAP 41.7% (5/12) 0 100% (7/7) 100% (9/9)
Positivity range 5–70% 5–70% 10–100%
Intensity  +  ++  ++ 
Localization Nucleus/cytosol
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Finally, LTB was expressed only in 3 cases of breast cancer; it was expressed only in neoplastic cells (positivity percent-
age ranging from 15 to 60%), with non-tumour ducts and TILs always being negative.

Given the small number of cases examined, a significant correlation between the expression in situ of the various 
antibodies tested and the presence of lymph node metastases and disease recurrence was not found, even if it was not 
among the objectives of the study.

Interestingly, some of the investigated genes showed weak to intense nuclear positivity in breast specimens. Although 
we cannot rule out unspecific staining, nonetheless multiple databases and prediction tools, as well as available litera-
ture, described similar findings, as it is the case for Jaw1 and TRIM [39, 40]; in keeping, Jaw1 physically interacts with 
inner nuclear proteins and microtubules, thus contributing to maintenance of nuclear shape in a mouse melanoma cell 
line [39]. Currently, the functional role of these genes in the nucleus is still an open question and further studies might 
explore the biological significance of our immune-histochemical results.

4  Discussion

Breast cancer is an heterogeneous disease, characterized by histopathological and genetically defined subtypes that 
make difficult to delineate specific prognostic factors and efficacious therapies [41], as it occurs also in several other 
tumours [42–44]. Indeed, the definition of prognostic markers is a serious issue [45, 46] that is a primary research goal for 
precision oncology [47, 48], highlighting the need for novel specific progression and prognostic molecular clusters able to 
stratify cohort of patients with distinct prognostic outcome [49, 50]. One of such markers, identified from the elucidation 
of novel molecular mechanisms underlying the progression of breast cancer, is the transcription marker p63. Like other 
cell death [51, 52] or redox regulators [53–57], TP63 [58–61], together with p73 [62–68], belongs to the p53 gene family 
and plays an essential role in development and homeostasis of stratified squamous epithelia and epithelial appendices, 
including breast [69, 70]. The TP63 gene is transcribed thanks to two distinct promoters, that results in generation of 
the isoforms TAp63 (containing the Trans-Activation domain, codified by exons 1–3) and ΔNp63 (Amino-Deleted iso-
form, lacking exons 1–3); moreover, both isoforms are able to undergo alternative splicing at the 3′-end, resulting in 

Fig. 3  In situ evaluation of some prognostic markers in TNBC samples. a and b anti-IL18R1 staining. A marked cytoplasmic and membrane 
positivity was found in about 90% of breast cancer cells (Panel a) and 50% of intra-tumour lymphocytes (Panel b). c and d anti-CD53 stain-
ing. A moderate nuclear staining was observed in about 60% of neoplastic cells (Panel c) and 70% of intra-tumour lymphocytes (Panel d). 
e and f anti- TRIM Ab staining. A moderate cytoplasmic and nuclear positivity was present in about 70% of TNBC cells (Panel e) and 30% of 
intra-tumour lymphocytes (Panel f )
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different variants, α, β, γ, δ and ε [71–73]. A crucial molecular determinant of the malignant behaviour of breast cancer, 
and in particular of the metastasizing capacity, is the p63 transcriptional target gene SHARP1 (known also as DEC2 or 
BHLHE41) that, in triple breast cancer, results in a very negative prognostic fate [74]. Interestingly, SHARP1 is regulated 
by p63 via the hypoxia-inducible factor 1α (HIF-1α) and HIF-2α, as p63 is able to physically bind HIF and promote its 
proteasomal degradation, independent of the von Hippel-Lindau tumour suppressor (pVHL) [74]. Interestingly, also 
the other p53-family member p73 is able of a similar mechanism [75]. In fact, p73 physically binds HIF1α and regulates 
proteosomal degradation of HIF, in a pVHL-independent fashion [76]. More, mutant p53 comes also into the equation, 
this time cooperating with HIF1α to transcribe novel genes, that foster cancer progression [77].

p63 promotes mammary stemness through the direct transcriptional control of the Frizzled 7 (FZD7) receptor and, at 
a lesser extent, of the WNT5B ligand [78]. FZD7 overexpression results in increased mammary stem cell activity and can 
rescue the impaired self-renewal of ∆Np63-depleted progenitors [78]. These observations imply that p63 enhances self-
renewal of mammary stem cells by activating the WNT-β-catenin signalling pathway: the WNT ligand signal is conveyed 
to the cytoplasm through Dishevelled (DVL), which inhibits the function of a β-catenin destruction complex formed by 
axin, APC (adenomatous polyposis coli), and GSK-3β (glycogen synthase kinase-3β), thus leading to increased cytosolic 
β-catenin [69, 78]. At the same time, p63 contributes to the stemness phenotype through its ability to bind to promot-
ers of several components of the Sonic Hedgehog (Hh) signalling pathway and its three ligands—Sonic (SHH), Desert, 
and Indian (IHH)—and to the Patched (PTCH) receptors that inhibit the G-coupled transmembrane protein Smoothened 
(SMO); in turn, GLI proteins become transcriptional activators  (GLIA) and induce the expression of Hh target genes, 
including those involved in stem cell regulation (for example, Bmi1) [69, 79]. In this manner, p63 regulates the stemness 
compartment in breast cancer [69], while inhibiting cell death [80]—a process regulated by p63-triggered proteasomal 
degradation [81–84]. Additional mechanisms involving p63 and tumour progression have been evoked in breast cancer 
[85, 86], as well as for other tumours [87, 88].

Here, we looked for novel molecular signatures for TNBC, not directly related to cancer cells, but rather correlated 
with immune cells penetrating the tumour microenvironment. We relied on bioinformatic evaluation of the Metabric 
portal. This dataset, with 2000 samples and over 10 years follow-up eliminates the major study limitation consisting in 
the small sample size, allowing novel biomarkers to emerge and be validated. Among them, LTB resulted completely 
absent in non-tumour ducts, while variable expression was found in cancer epithelial cells. Interestingly, in primary 
melanoma and breast carcinomas, LTB has been correlated with high density of tumour-associated high-endothelial 
venules (HEVs), mediating the extravasation of T lymphocytes; consequently, elevated TIL levels in the breast tumour 
microenvironment lead to tumour regression [89]. In keeping, loss of tumour HEVs and LTB expression seem to be criti-
cal steps during breast cancer progression [90]. Therefore, LTB expression levels might be associated with favourable 
clinical outcomes. Similar variability has been found for IL18R1, expressed in both normal and transformed cells, as well 
as in intra- and peri-tumoral lymphocytes. Conflicting results (either pro-tumorigenic or suppressive roles) have been 
reported for IL-18 signalling in tumour development and progression. These discrepancies may be explained bearing in 
mind that IL-18 may recruit, beside the R1 receptor (α chain), also the R2 receptor (β chain), thus potentially activating 
different signalling pathways [91]. In addition, IL18R1 binds the anti-inflammatory and immune-suppressive IL-37 [92]; 
despite dampening host’s immune responses, this interleukin shows interesting anti-tumour properties [93] and, in oral 
squamous cell carcinoma, serum IL-18/IL-37 ratio seems to regulate  CD19+ B cells and  CD3+  CD8+ T cells, thus representing 
a biomarker for predicting overall survival and disease-free survival [94]. Intriguingly, IL18R1 deletion increased tumour 
growth and burden, in mouse models of liver tumorigenesis, and the analysis of hepatocellular carcinoma patients indi-
cated that IL18R1 exerted tumour-suppressive effects, largely by modulating activity of both  CD8+ and multiple subsets 
of  CD4+ T-cells; moreover, differences in expression levels in tumor tissue versus matched non-tumour tissue was more 
predictive of patient outcome than overall tissue expression [95].

Among genes showing high positivity in both intra- and peri-tumour TILs, CD53 appears to be a good candidate as 
prognostic marker for cancer patients, since it plays a key role in anti-tumour immunity, as already reported for other 
members of the tetraspanin superfamily [96]. The tetraspanin “web” regulates protein trafficking and signalling, as well 
as cell-to-cell adhesion and migration [97]; therefore, tetraspanins (including CD53) influence both T and B cell prolifera-
tion, as well as leukocyte migration into tumour microenvironment [98–102]. In this context, it is noteworthy that CD53, 
whose expression is mainly restricted to hematopoietic cells (including B and T cells, dendritic cells, NK cells, granulo-
cytes, monocytes/macrophages), has been recognized as a regulator of IL-6 and IL-1β; in addition, genome-wide linkage 
studies have revealed an association between CD53 and innate TNF-α levels [103, 104]. CD53 is also involved in tumour 
antigen uptake by dendritic cells (DCs), the most professional antigen-presenting cells that activate and direct T cells 
toward the tumour, thereby promoting tumour immune-surveillance. This hypothesis is corroborated by the finding that 
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CD53 (i) is highly expressed in all DC subsets (in particular, in plasmacytoid DCs) [105] and (ii) interacts with MHC class 
I molecules, thus functioning in cross-presentation [106]. The suggested predictive value of CD53 is supported by the 
finding that  CD53−/− mice showed increased tumour growth with respect to wild type counterparts, by using syngeneic 
immunogenic tumour models [96] and, furthermore, CD53 network predicts distant metastasis-free survival, especially 
in  ER− breast cancer [107].

Given the relevance of stromal components and immune response in recognizing and countering tumour cells, our 
data open to the possibility that inter-tumour heterogeneity of inflammatory markers may play a fundamental role as 
prognostic factor. The real predictive value of these markers will be established only after multiple, long-term, high-
quality studies, but this pioneering work lays the foundation for future research.

Acknowledgements The authors thank Angelo Peschiaroli and Richard Knight for helpful and constructive criticisms.

Authors’ contributions GM and AA conceived the project, MVC, AM and GM wrote the manuscript; BA & MP collected the samples; MVC & 
CV performed biochemical analyses; AA performed bioinformatic analysis; MM, LA & AM performed histopathology. All authors read and 
approved the final manuscript.

Funding This work has been supported by the Associazione Italiana per la Ricerca contro il Cancro (AIRC) to GM (IG#20473; 2018-2022), 
Ministry of Health & MAECI Italy-China Science and Technology Cooperation (#PGR00961) to GM, Work has been also supported by Regione 
Lazio through LazioInnova Progetto Gruppo di Ricerca n 85-2017-14986 to G.M.

Data availability Not applicable.

Code availability Not applicable.

Declarations 

Ethics approval and consent to participate All the procedures carried out in the research with participation of humans were in compliance 
with the ethical standards of the institutional and/or national ethics committee and with the Helsinki Declaration of 1964 and its subsequent 
changes or with comparable ethics standards (Approved: R.S. 96/19 Study Protocol "Analisi del profilo genetico, epigenetico e proteomico 
per l’identificazione di nuovi biomarcatori dei tumori solidi", Prof. A. Mauriello, Prof. G. Melino). Informed voluntary consent: not applicable. 
Animal work ethics and safety for the mice: not applicable.

Competing interests The Authors declare that they have no competing interests.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adapta-
tion, 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/.

References

 1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2018;68:394–424.

 2. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global cancer statistics, 2012. CA Cancer J Clin. 2015;65:87–108.
 3. Perou CM, Jeffrey SS, Van De Rijn M, et al. Distinctive gene expression patterns in human mammary epithelial cells and breast cancers. 

Proc Natl Acad Sci U S A. 1999;96:9212–7.
 4. Perou CM, Sørile T, Eisen MB, et al. Molecular portraits of human breast tumours. Nature. 2000;406:747–52.
 5. Koboldt DC, Fulton RS, McLellan MD, et al. Comprehensive molecular portraits of human breast tumours. Nature. 2012;490:61–70.
 6. Reeves E, James E. Antigen processing and immune regulation in the response to tumours. Immunology. 2017;150:16–24.
 7. Buoncervello G, Toschi, . The janus face of tumor microenvironment targeted by immunotherapy. Int J Mol Sci. 2019;20:4320.
 8. Mauretti A, Neri A, Kossover O, Seliktar D, Di NP, Melino S. Design of a novel composite H 2 S-releasing hydrogel for cardiac tissue repair. 

Macromol Biosci. 2016;16:847–58.
 9. Gooden MJM, De Bock GH, Leffers N, Daemen T, Nijman HW. The prognostic influence of tumour-infiltrating lymphocytes in cancer: a 

systematic review with meta-analysis. Br J Cancer. 2011;105:93–103.
 10. Kawulok J, Kawulok M, Deorowicz S. Environmental metagenome classification for constructing a microbiome fingerprint. Biol Direct. 

2019;14:20.
 11. Caputo A, Fournier P-E, Raoult D. Genome and pan-genome analysis to classify emerging bacteria. Biol Direct. 2019;14:5.
 12. Qu Q, Li Y, Fang X, Zhang L, Xue C, Ge X, Wang X, Jiang Y. Differentially expressed tRFs in CD5 positive relapsed & refractory diffuse large 

B cell lymphoma and the bioinformatic analysis for their potential clinical use. Biol Direct. 2019;14:23.

http://creativecommons.org/licenses/by/4.0/


Vol:.(1234567890)

Research Discover Oncology            (2021) 12:6  | https://doi.org/10.1007/s12672-021-00401-0

1 3

 13. Rao M, Chen D, Zhan P, Jiang J. MDA19, a novel CB2 agonist, inhibits hepatocellular carcinoma partly through inactivation of AKT signal-
ing pathway. Biol Direct. 2019;14:9.

 14. Swann JB, Smyth MJ. Immune surveillance of tumors. J Clin Invest. 2007;117:1137–46.
 15. Muenst S, Läubli H, Soysal SD, Zippelius A, Tzankov A, Hoeller S. The immune system and cancer evasion strategies: therapeutic concepts. 

J Intern Med. 2016;279:541–62.
 16. Hofland T, Eldering E, Kater AP, Tonino SH. Engaging cytotoxic T and NK cells for immunotherapy in chronic lymphocytic leukemia. Int J 

Mol Sci. 2019;20:4315.
 17. Kodumudi KN, Ramamoorthi G, Snyder C, et al. Sequential anti-PD1 therapy following dendritic cell vaccination improves survival in a 

HER2 mammary carcinoma model and identifies a critical role for CD4 T cells in mediating the response. Front Immunol. 2019;10:1939.
 18. Hodi FS, O’Day SJ, McDermott DF, et al. Improved survival with ipilimumab in patients with metastatic melanoma. N Engl J Med. 

2010;363:711–23.
 19. Philips GK, Atkins M. Therapeutic uses of anti-PD-1 and anti-PD-L1 antibodies. Int Immunol. 2015;27:39–46.
 20. Sharma P, Allison JP. The future of immune checkpoint therapy. Science. 2015;80(348):56–61.
 21. Lyons TG, Dickler MN, Comen EE. Checkpoint inhibitors in the treatment of breast cancer. Curr Oncol Rep. 2018;20:51.
 22. Curtis C, Shah SP, Chin SF, et al. The genomic and transcriptomic architecture of 2,000 breast tumours reveals novel subgroups. Nature. 

2012;486:346–52.
 23. Dietmann S, Lee W, Wong P, Rodchenkov I, Antonov AV. CCancer: a bird’s eye view on gene lists reported in cancer-related studies. Nucleic 

Acids Res. 2010;38:W118–23.
 24. Antonov A, Agostini M, Morello M, Minieri M, Melino G, Amelio I. Bioinformatics analysis of the serine and glycine pathway in cancer 

cells. Oncotarget. 2014;5:11004–13.
 25. Antonov AV, Knight RA, Melino G, Barlev NA, Tsvetkov PO. MIRUMIR: an online tool to test microRNAs as biomarkers to predict survival 

in cancer using multiple clinical data sets. Cell Death Differ. 2013;20:367–367.
 26. Antonov AV, Krestyaninova M, Knight RA, Rodchenkov I, Melino G, Barlev NA. PPISURV: a novel bioinformatics tool for uncovering the 

hidden role of specific genes in cancer survival outcome. Oncogene. 2014;33:1621–8.
 27. Amelio I, Tsvetkov PO, Knight RA, Lisitsa A, Melino G, Antonov AV. SynTarget: an online tool to test the synergetic effect of genes on 

survival outcome in cancer. Cell Death Differ. 2016;23:912–912.
 28. Amelio I, Gostev M, Knight RA, Willis AE, Melino G, Antonov AV. DRUGSURV: a resource for repositioning of approved and experimental 

drugs in oncology based on patient survival information. Cell Death Dis. 2014;5:e1051–e1051.
 29. Amelio I, Knight RA, Lisitsa A, Melino G, Antonov AV. p53MutaGene: an online tool to estimate the effect of p53 mutational status on 

gene regulation in cancer. Cell Death Dis. 2016;7:e2148–e2148.
 30. Celardo I, Grespi F, Antonov A, Bernassola F, Garabadgiu AV, Melino G, Amelio I. Caspase-1 is a novel target of p63 in tumor suppression. 

Cell Death Dis. 2013;4:e645–e645.
 31. Hsu DS-S, Hwang W-L, Yuh C-H, et al. Lymphotoxin-β interacts with methylated EGFR to mediate acquired resistance to cetuximab in 

head and neck cancer. Clin Cancer Res. 2017;23:4388–401.
 32. Subrata LS, Voon DC, Yeoh GCT, Ulgiati D, Quail EA, Abraham LJ. TNF-inducible expression of lymphotoxin-β in hepatic cells: an essential 

role for NF-κB and Ets1 transcription factors. Cytokine. 2012;60:498–504.
 33. Medina L, Rabinovich A, Piura B, Dyomin V, Shaco Levy R, Huleihel M. Expression of IL-18, IL-18 binding protein, and IL-18 receptor by 

normal and cancerous human ovarian tissues: possible implication of IL-18 in the pathogenesis of ovarian carcinoma. Mediators Inflamm. 
2014;2014:1–8.

 34. Krásná E, Kolesár L, Slavčev A, Valhová Š, Kronosová B, Jarešová M, Stříž I. IL-18 receptor expression on epithelial cells is upregulated by 
TNF alpha. Inflammation. 2005;29:33–7.

 35. Okochi H, Mine T, Nashiro K, Suzuki J, Fujita T, Furue M. Expression of tetraspans transmembrane family in the epithelium of the gastro-
intestinal tract. J Clin Gastroenterol. 1999;29:63–7.

 36. Fishilevich S, Zimmerman S, Kohn A, Iny Stein T, Olender T, Kolker E, Safran M, Lancet D. Genic insights from integrated human proteom-
ics in GeneCards. Database. 2016;2016:baw030.

 37. Guo Y, Zhang W, Giroux C, et al. Identification of the orphan G protein-coupled receptor GPR31 as a receptor for 12-(S)-hydroxyeicosa-
tetraenoic acid. J Biol Chem. 2011;286:33832–40.

 38. Elstrodt F, Hollestelle A, Nagel JHA, Gorin M, Wasielewski M, Van Den Ouweland A, Merajver SD, Ethier SP, Schutte M. BRCA1 mutation 
analysis of 41 human breast cancer cell lines reveals three new deleterious mutants. Cancer Res. 2006;66:41–5.

 39. Kozono T, Tadahira K, Okumura W, Itai N, Tamura-Nakano M, Dohi T, Tonozuka T, Nishikawa A. Jaw1/LRMP has a role in maintaining nuclear 
shape via interaction with SUN proteins. J Biochem. 2018;164:303–11.

 40. Binder JX, Pletscher-Frankild S, Tsafou K, Stolte C, O’Donoghue SI, Schneider R, Jensen LJ. COMPARTMENTS: unification and visualization 
of protein subcellular localization evidence. Database. 2014;204:bau012–bau012.

 41. Mihaylov I, Kańduła M, Krachunov M, Vassilev D. A novel framework for horizontal and vertical data integration in cancer studies with 
application to survival time prediction models. Biol Direct. 2019;14:22.

 42. Han Y, Ye X, Cheng J, Zhang S, Feng W, Han Z, Zhang J, Huang K. Integrative analysis based on survival associated co-expression gene 
modules for predicting Neuroblastoma patients’ survival time. Biol Direct. 2019;14:4.

 43. Han Y, Ye X, Wang C, Liu Y, Zhang S, Feng W, Huang K, Zhang J. Integration of molecular features with clinical information for predicting 
outcomes for neuroblastoma patients. Biol Direct. 2019;14:16.

 44. Kim SY, Jeong HH, Kim J, Moon JH, Sohn KA. Robust pathway-based multi-omics data integration using directed random walks for 
survival prediction in multiple cancer studies. Biol Direct. 2019;14:8.

 45. Liu L, Wang G, Wang L, Yu C, Li M, Song S, Hao L, Ma L, Zhang Z. Computational identification and characterization of glioma candidate 
biomarkers through multi-omics integrative profiling. Biol Direct. 2020;15:10.

 46. Sumsion GR, Bradshaw MS, Beales JT, Ford E, Caryotakis GRG, Garrett DJ, LeBaron ED, Nwosu IO, Piccolo SR. Diverse approaches to pre-
dicting drug-induced liver injury using gene-expression profiles. Biol Direct. 2020;15:1.



Vol.:(0123456789)

Discover Oncology            (2021) 12:6  | https://doi.org/10.1007/s12672-021-00401-0 Research

1 3

 47. Chierici M, Francescatto M, Bussola N, Jurman G, Furlanello C. Predictability of drug-induced liver injury by machine learning. Biol Direct. 
2020;15:3.

 48. Amelio I, Bertolo R, Bove P, et al. Cancer predictive studies. Biol Direct. 2020;15:18.
 49. Chen PC, Ruan L, Jin J, Tao YT, Ding XB, Zhang H, Guo WP, Yang Q, lei, Yao H, Chen X, . Predicted functional interactome of Caeno-

rhabditis elegans and a web tool for the functional interpretation of differentially expressed genes. Biol Direct. 2020;15:20.
 50. Pieraccioli M, Nicolai S, Pitolli C, Agostini M, Antonov A, Malewicz M, Knight RA, Raschellá G, Melino G. ZNF281 inhibits neuronal 

differentiation and is a prognostic marker for neuroblastoma. Proc Natl Acad Sci U S A. 2018;115:7356–61.
 51. Melino S, Nepravishta R, Bellomaria A, Di MS, Paci M. Nucleic acid binding of the RTN1-C C-terminal region: toward the functional 

role of a reticulon protein. Biochemistry. 2009;48:242–53.
 52. Nepravishta R, Bellomaria A, Polizio F, Paci M, Melino S. Reticulon RTN1-C CT Peptide: a potential nuclease and inhibitor of histone 

deacetylase enzymes. Biochemistry. 2010;49:252–8.
 53. Cabras T, Patamia M, Melino S, Inzitari R, Messana I, Castagnola M, Petruzzelli R. Pro-oxidant activity of histatin 5 related Cu(II)-model 

peptide probed by mass spectrometry. Biochem Biophys Res Commun. 2007;358:277–84.
 54. Ciocci M, Iorio E, Carotenuto F, Khashoggi HA, Nanni F, Melino S. H2S-releasing nanoemulsions: a new formulation to inhibit tumor 

cells proliferation and improve tissue repair. Oncotarget. 2016;7:84338–58.
 55. Angelucci S, Sacchetta P, Moio P, Melino S, Petruzzelli R, Gervasi P, Di Ilio C. Purification and characterization of glutathione trans-

ferases from the sea bass (Dicentrarchus labrax) Liver. Arch Biochem Biophys. 2000;373:435–41.
 56. Pallucca R, Visconti S, Camoni L, Cesareni G, Melino S, Panni S, Torreri P, Aducci P. Specificity of ε and non-ε isoforms of arabidopsis 

14-3-3 proteins towards the H+-ATPase and other targets. PLoS ONE. 2014;9:e90764.
 57. Nepravishta R, Sabelli R, Iorio E, Micheli L, Paci M, Melino S. Oxidative species and S-glutathionyl conjugates in the apoptosis induc-

tion by allyl thiosulfate. FEBS J. 2012;279:154–67.
 58. Candi E, Terrinoni A, Rufini A, Chikh A, Lena AM, Suzuki Y, Sayan BS, Knight RA, Melino G. p63 is upstream of IKK in epidermal devel-

opment. J Cell Sci. 2006;119:4617–22.
 59. Candi E, Cipollone R, di Val R, Cervo P, Gonfloni S, Melino G, Knight R. p63 in epithelial development. Cell Mol Life Sci. 2008;65:3126–33.
 60. Levine AJ, Tomasini R, McKeon FD, Mak TW, Melino G. The p53 family: guardians of maternal reproduction. Nat Rev Mol Cell Biol. 

2011;12:259–65.
 61. Amelio I, Lena AM, Viticchiè G, et al. Mir-24 triggers epidermal differentiation by controlling actin adhesion and cell migration. J Cell 

Biol. 2012;199:347–63.
 62. Tomasini R, Tsuchihara K, Wilhelm M, et al. TAp73 knockout shows genomic instability with infertility and tumor suppressor func-

tions. Genes Dev. 2008;22:2677–91.
 63. Tomasini R, Tsuchihara K, Tsuda C, et al. TAp73 regulates the spindle assembly checkpoint by modulating BubR1 activity. Proc Natl 

Acad Sci U S A. 2009;106:797–802.
 64. Rufini A, Niklison-Chirou MV, Inoue S, et al. TAp73 depletion accelerates aging through metabolic dysregulation. Genes Dev. 

2012;26:2009–14.
 65. Marini A, Rotblat B, Sbarrato T, et al. TAp73 contributes to the oxidative stress response by regulating protein synthesis. Proc Natl 

Acad Sci U S A. 2018;115:6219–24.
 66. Niklison-Chirou MV, Steinert JR, Agostini M, Knight RA, Dinsdale D, Cattaneo A, Mak TW, Melino G. TAp73 knockout mice show 

morphological and functional nervous system defects associated with loss of p75 neurotrophin receptor. Proc Natl Acad Sci U S A. 
2013;110:18952–7.

 67. Agostini M, Tucci P, Steinert JR, et al. microRNA-34a regulates neurite outgrowth, spinal morphology, and function. Proc Natl Acad Sci 
U S A. 2011;108:21099–104.

 68. Agostini M, Tucci P, Killick R, et al. Neuronal differentiation by TAp73 is mediated by microRNA-34a regulation of synaptic protein targets. 
Proc Natl Acad Sci U S A. 2011;108:21093–8.

 69. Melino G, Memmi EM, Pelicci PG, Bernassola F. Maintaining epithelial stemness with p63. Sci Signal. 2015;8:re9–re9.
 70. Shalom-Feuerstein R, Lena AM, Zhou H, De La Forest DS, Van Bokhoven H, Candi E, Melino G, Aberdam D. Δnp63 is an ectodermal gate-

keeper of epidermal morphogenesis. Cell Death Differ. 2011;18:887–96.
 71. Melino G. p63 is a suppressor of tumorigenesis and metastasis interacting with mutant p53. Cell Death Differ. 2011;18:1487–99.
 72. Bellomaria A, Barbato G, Melino G, Paci M, Melino S. Recognition mechanism of p63 by the E3 ligase Itch: novel strategy in the study and 

inhibition of this interaction. Cell Cycle. 2012;11:3638–48.
 73. Bellomaria A, Barbato G, Melino G, Paci M, Melino S. Recognition of p63 by the E3 ligase ITCH: effect of an ectodermal dysplasia mutant. 

Cell Cycle. 2010;9:3754–63.
 74. Montagner M, Enzo E, Forcato M, et al. SHARP1 suppresses breast cancer metastasis by promoting degradation of hypoxia-inducible 

factors. Nature. 2012;487:380–4.
 75. Amelio I, Melino G. The p53 family and the hypoxia-inducible factors (HIFs): determinants of cancer progression. Trends Biochem Sci. 

2015;40:425–34.
 76. Amelio I, Inoue S, Markert EK, Levine AJ, Knight RA, Mak TW, Melino G. TAp73 opposes tumor angiogenesis by promoting hypoxia-

inducible factor 1α degradation. Proc Natl Acad Sci. 2015;112:226–31.
 77. Amelio I, Mancini M, Petrova V, et al. p53 mutants cooperate with HIF-1 in transcriptional regulation of extracellular matrix components 

to promote tumor progression. Proc Natl Acad Sci. 2018;115:E10869–78.
 78. Chakrabarti R, Wei Y, Hwang J, et al. ΔNp63 promotes stem cell activity in mammary gland development and basal-like breast cancer by 

enhancing Fzd7 expression and Wnt signalling. Nat Cell Biol. 2014;16:1004–15.
 79. Memmi EM, Sanarico AG, Giacobbe A, et al. p63 sustains self-renewal of mammary cancer stem cells through regulation of Sonic Hedge-

hog signaling. Proc Natl Acad Sci. 2015;112:3499–504.
 80. Melino G, Knight RA, Nicotera P. How many ways to die? How many different models of cell death? Cell Death Differ. 2005;12:1457–62.
 81. Bernassola F, Chillemi G, Melino G. HECT-type E3 ubiquitin ligases in cancer. Trends Biochem Sci. 2019;44:1057–75.



Vol:.(1234567890)

Research Discover Oncology            (2021) 12:6  | https://doi.org/10.1007/s12672-021-00401-0

1 3

 82. Melino G, Cecconi F, Pelicci PG, Mak TW, Bernassola F. Emerging roles of HECT-type E3 ubiquitin ligases in autophagy regulation. Mol 
Oncol. 2019;13:2033–48.

 83. Sayan BS, Yang AL, Conforti F, et al. Differential control of TAp73 and Np73 protein stability by the ring finger ubiquitin ligase PIR2. Proc 
Natl Acad Sci. 2010;107:12877–82.

 84. Rossi M, Munarriz ER, Bartesaghi S, et al. Desmethylclomipramine induces the accumulation of autophagy markers by blocking 
autophagic flux. J Cell Sci. 2009;122:3330–9.

 85. Sundqvist A, Vasilaki E, Voytyuk O, Bai Y, Morikawa M, Moustakas A, Miyazono K, Heldin C-H, ten Dijke P, van Dam H. TGFβ and EGF signal-
ing orchestrates the AP-1- and p63 transcriptional regulation of breast cancer invasiveness. Oncogene. 2020;39:4436–49.

 86. Regina C, Compagnone M, Peschiaroli A, Lena A, Annicchiarico-Petruzzelli M, Piro MC, Melino G, Candi E. Setdb1, a novel interactor of 
ΔNp63, is involved in breast tumorigenesis. Oncotarget. 2016;7:28836–48.

 87. Giacobbe A, Compagnone M, Bongiorno-Borbone L, Antonov A, Markert EK, Zhou JH, Annicchiarico-Petruzzelli M, Melino G, Peschiaroli 
A. p63 controls cell migration and invasion by transcriptional regulation of MTSS1. Oncogene. 2016;35:1602–8.

 88. Latina A, Viticchiè G, Lena AM, Piro MC, Annicchiarico-Petruzzelli M, Melino G, Candi E. ΔNp63 targets cytoglobin to inhibit oxidative 
stress-induced apoptosis in keratinocytes and lung cancer. Oncogene. 2016;35:1493–503.

 89. Martinet L, Girard J-P. Regulation of tumor-associated high-endothelial venules by dendritic cells. Oncoimmunology. 2013;2:e26470.
 90. Martinet L, Filleron T, Le Guellec S, Rochaix P, Garrido I, Girard J-P. High endothelial venule blood vessels for tumor-infiltrating lymphocytes 

are associated with lymphotoxin β–producing dendritic cells in human breast cancer. J Immunol. 2013;191:2001–8.
 91. Boraschi D, Tagliabue A. The interleukin-1 receptor family. Semin Immunol. 2013;25:394–407.
 92. Dinarello CA, Bufler P. Interleukin-37. Semin Immunol. 2013;25:466–8.
 93. Abulkhir A, Samarani S, Amre D, Duval M, Haddad E, Sinnett D, Leclerc J-M, Diorio C, Ahmad A. A protective role of IL-37 in cancer: a new 

hope for cancer patients. J Leukoc Biol. 2017;101:395–406.
 94. Ding L, Zhao X, Zhu N, Zhao M, Hu Q, Ni Y. The balance of serum IL-18/IL-37 levels is disrupted during the development of oral squamous 

cell carcinoma. Surg Oncol. 2020;32:99–107.
 95. Markowitz GJ, Yang P, Fu J, et al. Inflammation-dependent IL18 signaling restricts hepatocellular carcinoma growth by enhancing the 

accumulation and activity of tumor-infiltrating lymphocytes. Cancer Res. 2016;76:2394–405.
 96. Schaper F, van Spriel AB. Antitumor immunity is controlled by tetraspanin proteins. Front Immunol. 2018;9:1185.
 97. Van Deventer SJ, Dunlock VME, Van Spriel AB. Molecular interactions shaping the tetraspanin web. Biochem Soc Trans. 2017;45:741–50.
 98. Wee JL, Schulze KE, Jones EL, et al. Tetraspanin CD37 regulates β 2 integrin-mediated adhesion and migration in neutrophils. J Immunol. 

2015;195:5770–9.
 99. Todros-Dawda I, Kveberg L, Vaage JT, Inngjerdingen M. The tetraspanin CD53 modulates responses from activating NK cell receptors, 

promoting LFA-1 activation and dampening NK cell effector functions. PLoS ONE. 2014;9:e97844.
 100. Levy S. Function of the tetraspanin molecule CD81 in B and T cells. Immunol Res. 2014;58:179–85.
 101. Rocha-Perugini V, González-Granado JM, Tejera E, López-Martín S, Yañez-Mó M, Sánchez-Madrid F. Tetraspanins CD9 and CD151 at the 

immune synapse support T-cell integrin signaling. Eur J Immunol. 2014;44:1967–75.
 102. Yan J, Wu B, Huang B, Huang S, Jiang S, Lu F. Dectin-1-CD37 association regulates IL-6 expression during Toxoplasma gondii infection. 

Parasitol Res. 2014;113:2851–60.
 103. Bos SD, Lakenberg N, van der Breggen R, Houwing-Duistermaat JJ, Kloppenburg M, de Craen AJ, Beekman M, Meulenbelt I, Slagboom 

PE. A genome-wide linkage scan reveals CD53 as an important regulator of innate TNF-α levels. Eur J Hum Genet. 2010;18:953–9.
 104. Lee H, Bae S, Jang J, Choi BW, Park C-S, Park JS, Lee S-H, Yoon Y. CD53, a suppressor of inflammatory cytokine production, is associated 

with population asthma risk via the functional promoter polymorphism −1560 C>T. Biochim Biophys Acta - Gen Subj. 2013;1830:3011–8.
 105. Zuidscherwoude M, Worah K, Van Der Schaaf A, Buschow SI, Van Spriel AB. Differential expression of tetraspanin superfamily members 

in dendritic cell subsets. PLoS ONE. 2017;12:e0184317.
 106. Engering A, Pieters J. Association of distinct tetraspanins with MHC class II molecules at different subcellular locations in human immature 

dendritic cells. Int Immunol. 2001;13:127–34.
 107. Hu Y, Wu G, Rusch M, Lukes L, Buetow KH, Zhang J, Hunter KW. Integrated cross-species transcriptional network analysis of metastatic 

susceptibility. Proc Natl Acad Sci U S A. 2012;109:3184–9.

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


	New immunological potential markers for triple negative breast cancer: IL18R1, CD53, TRIM, Jaw1, LTB, PTPRCAP
	Abstract
	1 Introduction
	2 Materials and methods
	2.1 Cell cultures
	2.2 Real time polymerase chain reaction (RT-PCR)
	2.3 Western blot
	2.4 Bioinformatic analysis
	2.5 Immunohistochemistry
	2.6 Statistical analysis

	3 Results
	3.1 Immune-related genes are associated with good prognosis in breast cancer
	3.2 Analysis of expression in TNBC cell lines
	3.3 Analysis of expression in breast cancer specimens

	4 Discussion
	Acknowledgements 
	References




