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A patient with HER2-positive early breast cancer (BC) developed dermatomyositis
(DM), which disappeared after the first administration of adjuvant trastuzumab. No
HER2 overexpression/amplification was observed in DM skin biopsies. Both BC and
skin immune infiltrates were composed mostly of CD3+ T-lymphocytes. Interestingly,
tumor-infiltrating lymphocytes expressed PD-1, which was negligible in skin-infiltrating
lymphocytes, while both BC cells and keratinocytes were PD-L1-positive. High serum
levels of endogenous anti-HER2 antibodies were detected, confirming the induction
of a HER2-specific adaptive immune response. It may be argued that HER2-specific
T-lymphocytes cross-reacted with one or more unknown skin antigens, causing
DM. Trastuzumab may have silenced skin cross-reaction by eliminating any residual
HER2-positive micrometastatic disease and, thus, inducing DM remission.
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BACKGROUND

HER2 (Her-2/neu, c-erbB-2) is a 185-kDa transmembrane tyrosine kinase protein giving higher
aggressiveness in breast cancers (BCs). In humans, HER2 overexpression occurs in 15-20%
of primary breast tumors, and is associated with diminished disease-free (DFS) and overall
survival (OS) (1). The humanized immunoglobulin G1 (IgG1) anti-HER2 monoclonal antibody
(mAb) trastuzumab in combination with chemotherapy is an effective treatment for all stages
of HER2-positive BC (2). Growing evidence suggests a clear role of the host immune system in
HER2-positive BC, which is generally considered more immunogenic than other BC subgroups (3).

Dermatomyositis (DM) is an autoimmune disease consisting of a chronic inflammatory
injury of striated muscle and skin with an incidence of 1/100,000 (4). It is usually associated
with activation of auto-reactive T lymphocytes, down-regulation of T regulator cells and
release of pro-inflammatory cytokines leading to B and T cells tolerance loss (5). DM patients
can develop additional autoimmune diseases, and there is an elevated occurrence of other
autoimmune diseases in close relatives (6). Genome-wide association studies (GWAS) have
confirmed the MHC as the major genetic region associated with DM and have indicated
that DM shares non-MHC genetic features with other autoimmune diseases, suggesting the
presence of additional novel risk loci (6). Approximately 15-30% of DMs are associated
with underlying malignancies [standardized incidence ratio (SIR) 3.0, 95% CI 2.5-3.6] (4, 5).
In particular, DM has been strongly associated with ovarian (SIR 10.5, 95% CI 6.1-18.1),
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lung (5.9, 3.7-9.2), pancreatic (3.8, 1.6-9.0), stomach (3.5, 1.7-
7.3), colorectal (2.5, 1.4-4.4), and breast cancers (2.2, 1.2-3.9)
(6). The molecular mechanisms underlying these associations
are still unknown, even though it has been demonstrated a
possible antigenic similarity between regenerating myoblasts
and some cancer cell populations (5-7). Here we report the
clinical history of a patient with HER2-positive early BC who
developed dermatomyositis (DM), which disappeared after the
first administration of adjuvant trastuzumab. Biological and
clinical implications of the treatment outcome observed in this

case are discussed with the knowledge of scientific evidence to
date available.

CASE PRESENTATION

In November 2014, a 67-year-old woman with neither
comorbidities nor personal or familial history for autoimmune
diseases was diagnosed with a ductal carcinoma of the right
breast. She underwent right quadrantectomy and sentinel node
biopsy. Histology and immunohistochemistry (IHC) confirmed

FIGURE 1 | Distribution of lymphocytes subpopulations in Tumor-Infiltrating Lymphocytes (TILs) and Skin-Infiltrating Lymphocytes (SILs) by immunohistochemistry.
Immunohistochemistry was performed on sections from breast cancer and skin to assess the incidence of CD3, CD8, and CD4 expressing cells. The axillary lymph
node was used as a control for the tissue analysis of these subpopulations of lymphocytes. Samples were incubated with anti-CD3 (mouse monoclonal 1:100, 30,
37°C, DAKO), anti-CD8 (rabbit monoclonal, clone SP16, 1:50, o/n a 4°C, NEOMARKERS), and anti-CD4 (mouse monoclonal, clone 4B12, 1:100, 30, 37°C, DAKO)
antibodies, followed by DAB Detection Kit (Ventana, Roche). Finally, sections were counterstained with Mayer’s hematoxylin. The quantitative evaluation of CD3+,
CD8-+, and CD4+ TILs on breast cancer sample was performed considering their proximal (<20 pm) or distal (=20 wm) localization with respect to neoplastic cells
(intratumoral or peritumoral TILs). Thus, the number per unit area (n/mm?) of tissue of each subpopulation of TILs was computed. This analysis involved a sampled
area of 30 mm? of tissue and counting from a minimum of 500 to a maximum of 1,700 cells for each epitope. All the analyses were performed in breast cancer and
skin tissue samples obtained before treatment initiation. TILs and SlLs were composed mostly of CD3+ T cells. The CD4/CD8 TIL ratio was 4.17; conversely, the
phenotypic distribution of SILs documented the prevalence of CD8+ cells over the CD4+ subpopulation (CD4/CD8 SIL ratio: 0.74).
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pTlc (2cm) NOMO infiltrating ductal carcinoma, grade 3,
which resulted Estrogen Receptor (ER)-negative, Progesterone
Receptor (PR)-negative, HER2-positive (34 by IHC and FISH
positive), and Ki67Mgh (50%). The quantitative assessment of
tumor-infiltrating lymphocytes(TILs) documented intermediate
(>5% and <50%) TIL infiltration (8).

In January 2015, the patient was admitted to the University
Hospital of Parma because of a 3-month history of intense and
diffuse muscle pain and pruriginous erythema of the trunk, arms,
and legs. Blood tests showed high serum levels of AST, ALT,
CPK, and LDH. Electromyography and skin biopsy confirmed
the diagnosis of dermatomyositis (DM). No clinical benefit was
observed with steroids therapy (prednisone, 1 mg/kg/day for
1 month). As shown in Figure 1 and Table 1, the phenotypic
distribution of skin-infiltrating lymphocytes (SILs) documented
the prevalence of CD8+ T cells.

Trastuzumab-Based Adjuvant Treatment

In February 2015, the patient was admitted to the Breast Unit
of the University Hospital of Parma to receive adjuvant chemo-
immunotherapy (CIT) with trastuzumab (8 mg/kg IV loading
dose, followed by 6mg/kg), cyclophosphamide (600 mg/m?)
and docetaxel (75mg/m?) every 3 weeks for four cycles.
Then, 14 cycles of single-agent trastuzumab (6 mg/Kg, q3w)
were administered and radiotherapy (RT) on residual breast
was planned after chemotherapy. Interestingly, after the first
administration of CIT with trastuzumab, we observed the
complete remission of DM.

To date, 42 months after the last administration of
trastuzumab (February 2016), the patient is disease-free from
both BC and DM. A new skin biopsy was performed in December
2016 confirming complete pathological remission of DM.

Description of Laboratory Investigations
After obtaining patients written informed consent and
independent ethics committee (IEC) approval, we performed
additional serological and THC analyses on blood and formalin
fixed paraffin embedded (FFPE) samples of BC and DM (timeline
diagram illustrated in Figure 2A).

To quantify the autologous immune response to HER2-
positive BC, we determined the serum anti-HER?2 antibody titers
by ELISA. After 16 months from the last administration of

TABLE 1 | Tissue distribution of lymphocyte subpopulations.

Lymphocytes CD3n/mm2 CD8n/mm?2 PD-1n/mm? CD4n/mm?
TILs, intratumoral 55.11 9.89 19.26 9.36
TILs, peritumoral 24.26 3.09 2.66 12.77
TILs, total 79.37 12.98 21.92 22.13
SlLs 62.77 58.24 16.49 43.22
BlLs 79.04 17.87 9.57 36.17

TILs, tumor-infiltrating lymphocytes; SILs, skin-infiltrating lymphocytes; BILs, breast
tissue-infiltrating lymphocytes.

trastuzumab, the patient presented a serum concentration of anti-
HER?2 specific antibodies of 23.2 pg/jl, which was considerably
higher compared to that observed in a control group composed of
HER2-positive BC patients at the same disease stage, and healthy
volunteers (Figure 2B).

TILs were composed mostly of CD3+ T cells. To better
define the T lymphocyte subpopulations engaged in cancer
immune response, the density and distribution of CD3+,
CD4+, CD8+ and programmed cell death-1 (PD-1)-positive
TILs were measured (Figures 1, 3, Table 1). The CD4/CD8 TILs
ratio was 4.17 and PD-1 expressing immune cells, which were
predominantly adjacent to neoplastic cells, exceeded the number
of cytotoxic CD8+ lymphocytes (PD-1/CD8 intratumoral TILs
ratio: 1.94) (Figures 1, 3, Table 1). Conversely, the phenotypic
distribution of SILs documented the prevalence of CD8+ cells
over the CD4+ subpopulation (CD4/CD8 SILs ratio: 0.74)
(Figure 1, Table 1). Although PD-1-positive immune cells were
also observed in the skin, their prevalence was significantly lower
than that measured in BC (Figure 3, Table 1). Neither HER2
overexpression nor HER2 amplification was observed in DM skin
biopsies (data not shown).

Programmed death-ligand 1 (PD-L1) was clearly detectable
in more than 10% of BC cells, which showed a predominant
diffuse pattern of expression (Figure 3). This finding resulted in
a PD-L1 expression score (H score) of 80 (range 0-300) (9, 10).
Normal, ER-positive, mammary gland at the periphery of the
tumor mass also displayed PD-L1 overexpression (Figure 3).
The same analysis on the skin biopsy, obtained at the time of
overt DM, showed that PD-L1 was greatly expressed by the
basal layer of epidermal cells and, to a more extent, by dermal
adnexa (Figure 3).

The documented expression of PD-L1 in the spared mammary
gland (SMG) within the tumor sample prompted us to
investigate the immune contexture in these structures (Figure 3).
Similar to what observed in DM skin samples, most residual
mammary tissue located along the tumor invasive margin was
highly infiltrated by T-lymphocytes (i.e., breast tissue-infiltrating
lymphocytes, BILs) displaying a cytotoxic CD8+ phenotype
and low expression of PD-1 (PD-1/CD8 ratio in SMG: 0.54)
(Figure 3, Table 1). Immune cells were absent in tumor distant,
PD-L1-positive, mammary structures. The evaluation of the skin
biopsy after clinical remission of DM clearly documented an
attenuation of PD-L1 expression and the disappearance of CD8
driven immune reaction. These findings are representative of a
“cold” skin tissue where no immune cells could be found (11).

DISCUSSION

In this brief report, we present the peculiar case of a HER2-
positive early BC patient with synchronous DM, which persisted
after tumor surgical removal, and disappeared after the first
administration of adjuvant CIT with trastuzumab.

DM is an autoimmune disease consisting of a chronic
inflammatory injury of striated muscle and skin with an
incidence of 1/100,000 (4). Approximately 15-30% of DMs are
associated with underlying malignancies (4). Although DM may
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FIGURE 2 | (A) Timeline diagram of blood, tumor and skin tissue investigations performed on the patient from diagnosis to follow-up; (B) Anti-HER2 antibodies serum
concentration quantified by ELISA. Serum from two Her-2°°s!ve garly BC patients and pool serum from 10 healthy men (M) and 10 women (W), respectively, were
used as comparison. Rituximab was used as negative control. After 16 months from the last administration of trastuzumab, the patient presented a serum
concentration of anti-HER2 specific antibodies of 23.2 pg/ul, which was considerably higher compared to that observed in the control group.

be a systemic manifestation of cancer, is not the consequence of a
skin tumor invasion (12).

Our immunological analyses showed the presence of immune
cell infiltrates in both patient’s tumor and skin specimens,
which shared the same predominant CD3+ T cell phenotype.
Furthermore, the patient presented remarkable levels of natural
serum anti-HER2 antibodies, which persisted 16 months after
the last administration of trastuzumab. Previous studies have
documented that the presence of TILs infiltration and the
increased endogenous anti-HER2 antibody immunity following
adjuvant CIT with trastuzumab are associated with improved
disease-free survival (DFS) (13-15).

Our findings confirm the induction of a HER2-specific
adaptive immune response and support the hypothesis that
HER2-specific T-cell clones cross-reacted with one or more
unknown skin antigens, causing DM. Noteworthy, SILs and TILs
were qualitatively different: although keratinocytes were PDL1-
positive, the predominant CD8+ cytotoxic infiltrate in DM skin
showed low PD-1 expression, thus avoiding immune tolerance.
Conversely, at tumor site, PD-L1-positive cancer cells were
associated with predominant CD4+ TIL phenotype and high
PD-1 expression, suggesting the induction of immune tolerance.
These data confirm the association between PD-1/PD-L1 axis and
HER?2 signaling (16, 17), and give the rationale for anti-HER2
plus anti-PD-1/PD-L1 combination strategies. In this context,
the KATE-2 trial has recently showed that atezolizumab (anti-
PD-L1) plus trastuzumab emtansine (T-DMI1) may improve
overall survival in PD-L1-positive, HER2-positive advanced BC
(18). Interestingly, the normal mammary gland also displayed
PD-L1 expression, which is usually upregulated in response
to inflammatory or auto-immune processes (19). Similar to

what observed in DM skin samples, a CD8+, PD-1'°" immune
infiltrate was found in the PD-LI-expressing, cancer-spared
mammary gland located along the tumor invasive margin.
Conversely, distal PD-L1-positive mammary structures did not
contain immune cells, and skin samples obtained after the
clinical remission of DM showed low PD-L1 expression and
disappearance of CD8+ T cells.

In our clinical case, the immune over-activation observed
before treatment may have limited the cancer spreading but,
at the same time, induced DM. Neither HER2-overexpression
or HER2-positive tumor cells were identified in the skin
tissue. According to these findings, we hypothesize that HER2-
specific T-cell clones, which were induced by the over-
expression of the HER2 antigen in the primary BC, cross-
reacted with one or more unknown skin antigens, causing
DM. The adjuvant administration of CIT with trastuzumab
may have been able to silence skin cross-reaction through its
ability to eliminate any residual HER2-positive micrometastatic
disease, wherever it was found in the body, thus leading to
DM remission.

CONCLUSION

The clinico-pathological characteristics of the present case
and the immunological analyses performed on patient tumor,
skin, and blood samples suggest a proof of principle for a
unique pathogenesis underlying the coexistence of cancer and
autoimmune disease. The findings here reported may also
help address diagnostic and therapeutic issues in autoimmune
disorders associated with anti-PD-1/PD-L1 therapies.
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FIGURE 3 | PD-1 and PD-L1 expression in breast cancer and skin by immunohistochemistry. Immunohistochemistry was performed on sections from breast cancer
and skin to assess the incidence of PD-1 expressing cells. The axillary lymph node was used as a control for the tissue analysis of these subpopulations of
lymphocytes. Samples were incubated with anti-PD-1 (mouse monoclonal, clone NAT105, 1:100, 30, 37°C, ROCHE) antibodly, followed by DAB Detection Kit
(Ventana, Roche). Finally, sections were counterstained with Mayer’s hematoxylin. The quantitative evaluation of PD-1-positive TILs on breast cancer sample was

performed considering their proximal (<20 um) or distal (>20 jum) localization with respect to neoplastic cells. Thus, the number per unit area (n/mm?) of tissue of
each subpopulation of TILs was computed. PD-L1 was detected by immunoperoxidase on serial sections from breast cancer and skin using two different anti-PD-L1
antibodies (clones 28-8 and SP142). Sections from human placenta, considered as a reference tissue were similarly investigated. The best results in terms of
specificity and sensitivity were obtained by incubating samples with the primary antibody anti PD-L1 clone 28-8 (rabbit monoclonal, 1:50, o/n a 4°C, Abcam).
Following suitability criteria, PD-L1 expression was measured on the entire section of the tumor. An algorithm was used to obtain the PD-L1 score (H-score; 0-300),
which is computed on the basis of both extent and intensity of PD-L1 staining. All the analyses were performed in breast cancer and skin tissue samples obtained
before treatment initiation. No HER2 overexpression was observed in DM skin biopsies. In BC, PD-1 expressing immune cells, which were predominantly adjacent to
neoplastic cells, exceeded the number of cytotoxic CD8+ lymphocytes (PD-1/CD8 intratumoral TILs ratio: 1.94). Conversely, although PD-1-positive immune cells
were also observed in the skin, their prevalence was significantly lower than that measured in BC. PD-L1 was clearly detectable in more than 10% of BC cells, which
showed a predominant diffuse pattern of expression. Normal, ER-positive, mammary gland at the periphery of the tumor mass also displayed PD-L1 overexpression.
The same analysis on the skin biopsy, obtained at the time of overt DM, showed that PD-L1 was greatly expressed by the basal layer of epidermal cells and, to a more
extent, by dermal adnexa. Similar to what observed in DM skin samples, most residual mammary tissue (SMG), located along the tumor invasive margin, was highly
infilttrated by CD8+ T-lymphocytes and low expression of PD-1 (PD-1/CD8 ratio in SMG: 0.54). ER, estrogen receptor; SMG, spared mammary gland; TILs, tumor

infiltrating lymphocytes; SILs, skin infiltrating lymhpocytes.
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