7311 Characterization of PERK-Positive Polyploid-Like Breast Cancer Cells and Their Association with Unfolded Protein Response Signatures
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Background

Endoplasmic reticulum (ER) stress is a common feature of breast cancer and activates the unfolded protein response (UPR) through three major sensors:
PERK, IRE1a, and ATF6. Persistent UPR signaling helps tumor cells adapt to hypoxia, nutrient deprivation, and other microenvironmental stressors [1,2].
PERK is a key UPR effector that signals through the elF2a/ATF4 axis to regulate cellular stress adaptation. In breast cancer, increased PERK activity has
been associated with higher histologic grade, aggressive clinicopathologic features, and poorer outcomes [3,4]. Experimental studies further indicate that
PERK-driven signaling promotes aggressive tumor cell programs, including hypoxia-associated migration and invasion, as well as maintenance of stem-like
cell states, supporting a role for PERK in breast cancer plasticity and progression [2,5]. In a previous study of high-grade serous ovarian carcinoma,
we identified a small subset of cancer cells with strong phospho-PERK (pPERK) expression, some of which displayed polyploid-like or atypical mitotic
morphology (Figure 1). In a subsequent study, we observed cells with similar features in breast cancer (BC), raising the possibility that they represent a
biologically distinct, stress-adapted population associated with active UPR signaling. These observations provided the rationale to investigate the frequency
of PERK-positive breast cancer cells, their association with UPR activation, and the molecular features of tumors enriched in these cells.
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Objective

This study aimed to determine the frequency of PERK-positive cells in BC tumors, evaluate their association with UPR activation, and identify transcrip-
tomic and proteomic features associated with tumors containing these cells.
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Formalin-fixed, paraffin-embedded (FFPE) tissues from 131 breast cancer (BC) patients (96 TNBC and 35 non-TNBC) were analyzed by immunohisto-
chemistry (IHC) using a rabbit polyclonal anti-phospho-PERK (Thr982) antibody (Invitrogen, Cat. No. PA5-102853). For the purposes of this study,
pPERK-positive BC cells were defined as tumor cells showing strong (3+) cytoplasmic and nuclear phospho-PERK staining. BC tumors were stratified
according to the number of pPERK-positive cells identified in three different tumor regions examined at 200x magnification into three groups: abundant
(=30 cells), scarce (210 cells), and absent (none).

Figure 5. Proteomic volcano plots comparing breast cancers with
>30, <10, or no strongly phospho-PERK-positive cells and normal
breast tissue. Panels show comparisons of A, >30 vs Normal B; B, <10
vs Normal B; C, No vs Normal B; D, >30 vs No; E, >30 vs <10; and F,
<10 vs No. The x-axis shows log2 fold change and the y-axis -log10
(BH-adjusted p-value). Red, blue, and dark gray dots indicate upregulated,
downregulated, and non-significant proteins, respectively. Numbered
labels identify selected differentially expressed proteins listed in the tables
below each panel.

Figure 4. Transcriptomic volcano plots comparing breast cancers
stratified by the abundance of strongly phospho-PERK-positive
cells and normal breast tissue. Comparisons shown are A, >30 vs
Normal B; B, >30 vs No; C, >30 vs <10; D, <10 vs No; E, <10 vs Normal
B; and F, No vs Normal B. The x-axis represents log2 fold change and
the y-axis —log10(BH-adjusted p-value). Red, blue, and dark gray dots
indicate upregulated, downregulated, and non-significant genes, respec-
tively. Numbered labels mark selected differentially expressed genes,
which are identified in the tables beneath each panel.

Figure 2. Representative phospho-PERK immunohistochemistry in breast cancers with 230 strongly
positive tumor cells. Panels A—F show case 25-15, G-H case 25-12, I-K case 25-11, L case 25-21, and
M-P case 25-16. These tumors show strongly phospho-PERK-positive cells distributed throughout the
tumor, similar to the pattern observed in HGSOC. Total magnification is shown in the lower-right corner. The
blue arrow in E indicates a polyploid giant cancer cell-like cell that is negative for phospho-PERK, whereas
the black arrows in F and K indicate polyploid giant cancer cell-like cells that are strongly positive
for phospho-PERK. Staining was performed with a rabbit polyclonal anti-phospho-PERK (Thr982) anti-
body (Invitrogen, Cat. No. PA5-102853) and an HRP-conjugated goat anti-rabbit secondary antibody.

Clinical variables and stratification.

Race/ethnicity, age at diagnosis, biomarker status (ER, PR, HERZ2, and Ki-67), histologic grade, and pathologic stage were obtained from the electronic
medical record. Breast cancer molecular subtypes were assigned according to standard clinical classification (Luminal A, Luminal B, HER2-enriched, and
triple-negative breast cancer [TNBC]) based on receptor status documented in pathology reports.

nCounter multiomics analysis.

Apoptosis Signaling Cell Cycle Signaling

Gene expression and protein profiling were performed using the nCounter platform (NanoString Technologies, Seattle, WA). Twenty-one breast cancer

samples and three normal breast tissues were analyzed using the Breast Cancer 360 (BC360) transcriptomic panel, which measures 776 genes spanning A '\é‘iren;;' I;?;;";' B A B C A B
23 major breast cancer pathways and biologic processes, together with the nCounter Multiomics Protein Core, nCounter Multiomics Immune Pathways I .04 yyy o o o . * . L . .

Protein, and nCounter Multiomics Tumor Signaling Protein panels, comprising a total of 545 protein-related analytes. This platform enables direct digital seepEpRRRRERRRRRRR R !
quantification of RNA transcripts and proteins without amplification, allowing integrated assessment of oncogenic pathways, immune signatures, and the
tumor microenvironment.
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Figure 1. Immunohistochemical detection of phospho-PERK in high-grade serous ovarian carcinoma. Low-magnification images in A and B show strongly positive tumor =y i % ie § 5
cells distributed throughout the tumor. C and E show examples of these cells at higher magnification. F shows phospho-PERK-positive cells with polyploid giant cancer cell-like = ’ : _
morphology. Immunostaining was performed using a rabbit polyclonal anti-phospho-PERK (Thr982) antibody (Invitrogen, Cat. No. PA5-102853), followed by an HRP-conjugated e - J s ’ :W
goat anti-rabbit secondary antibody. e B [= s ER] S NEE) i T _ =
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Figure 6. Pathway-focused transcriptomic volcano plots of breast cancers stratified by the abundance of strongly phospho-PERK-positive
cells. Differentially expressed genes are shown for four NanoString-defined pathways/processes selected from the 23 analyzed: apoptosis, DNA
damage and repair, cell cycle, and T-cell checkpoints. The x-axis represents log2 fold change and the y-axis —log10(BH-adjusted p-value). Horizon-
tal lines indicate BH FDR thresholds.

Table 1. Clinicopathologic features of breast cancer cases analyzed by nCounter multiomics. Breast cancer samples were stratified by the
number of strongly phospho-PERK-positive tumor cells and compared according to age, race/ethnicity, receptor status, subtype, proliferation index,

athologic stage, treatment response, metastatic status, and vital status. . . . .
P ol ge. P : ! us, v ! Figure 3. Transcriptomic (A) and proteomic (B) heatmaps of breast

cancer and normal breast samples analyzed by nCounter multiomics.
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