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ABSTRACT

Background: Colorectal adenocarcinoma remains one of the leading causes of cancer-related
mortality worldwide despite substantial advances in diagnosis and treatment. Resistance to apoptosis
is a hallmark of tumor progression and therapeutic failure. Inositol 1,4,5-trisphosphate receptor type
3 (IP3R3), a key mediator of endoplasmic reticulum-to-mitochondria Ca*" transfer and intrinsic
apoptosis, has been implicated in tumor biology, but its clinicopathological significance in colorectal
adenocarcinoma remains poorly defined. This study investigated IP3R3 expression in human

colorectal adenocarcinoma and evaluated its association with clinicopathological features.

Methods: A prospective cohort of 179 patients with colorectal adenocarcinoma was enrolled. IP3R3
protein expression was assessed by Western blotting and immunohistochemistry in paired tumor and
matched adjacent normal colonic tissues. The findings were independently validated using publicly

available Clinical Proteomic Tumor Analysis Consortium (CPTAC) datasets.

Results: IP3R3 expression was significantly reduced in colorectal adenocarcinoma compared with
matched normal colonic mucosa. Loss of IP3R3 expression was independent of TNM stage and
primary tumor location but was strongly associated with histological dedifferentiation, progressively
declining from well- and moderately differentiated tumors to poorly differentiated lesions, in which
IP3R3 expression was frequently undetectable. Immunohistochemical analysis confirmed
progressive loss of IP3R3 during disruption of glandular architecture, while independent CPTAC

proteomic datasets validated the observed expression pattern.

Conclusions: Loss of IP3R3 expression is closely associated with histological dedifferentiation in
colorectal adenocarcinoma, independently of TNM stage and primary tumor location. These findings
identify IP3R3 as a candidate biomarker of tumor differentiation and suggest that reduced IP3R3

expression reflects impaired apoptotic competence and the biological state of colorectal tumors.
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Further studies are warranted to determine whether restoration of IP3R3-dependent ER-to-

mitochondria Ca?* signaling may improve therapeutic responsiveness in colorectal cancer.

KEYWORDS

Colorectal cancer; Inositol 1,4,5-trisphosphate receptor type 3 (IP3R3); Calcium signaling;

Apoptosis; Tumor dedifferentiation; Biomarkers.

BACKGROUND

Colorectal cancer is the third most commonly diagnosed malignancy and the second leading cause of
cancer-related death worldwide !. More than 90% of CRCs are adenocarcinomas 2. Although early
detection, surgical resection, and advances in systemic therapies have significantly improved patient
outcomes, CRC remains a major cause of cancer mortality 3. A substantial proportion of patients
develop recurrent or metastatic disease requiring systemic therapy, whose efficacy is frequently
limited by intrinsic or acquired resistance. Consequently, identifying biomarkers that improve patient
stratification, predict therapeutic response, and uncover novel therapeutic vulnerabilities remains a
major clinical challenge.

Current prognostic assessment relies primarily on TNM staging *%; histological grade °, and
an expanding panel of molecular biomarkers. While these parameters have substantially improved
clinical decision-making, they remain insufficient to fully capture the biological heterogeneity of
CRC and accurately predict treatment response. Among the mechanisms driving disease progression
and therapeutic resistance, escape from apoptosis is increasingly recognized as a hallmark of

aggressive colorectal tumors 112,

13, 14

Intracellular Ca®" signaling is a fundamental regulator of apoptosis . Sustained

mitochondrial Ca®" accumulation represents a critical trigger of the intrinsic apoptotic pathway and
3
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depends on efficient Ca®>" transfer from the endoplasmic reticulum (ER) to mitochondria at
specialized contact sites known as mitochondria-associated membranes (MAMSs), where the two
organelles are closely apposed '>'7. This unique structural organization generates local Ca*'
microdomains that enable rapid mitochondrial Ca®" uptake and activation of apoptotic signaling '8.
Inositol 1,4,5-trisphosphate receptors (IP3Rs) are the principal ER Ca*'-release channels
responsible for initiating this signaling cascade 2. Among the three IP3R isoforms, IP3R3 is
preferentially enriched at MAMs %, where it promotes ER-to-mitochondria Ca®" transfer and

18, 23-28

activation of mitochondrial apoptosis . Beyond its physiological role in apoptosis,

accumulating evidence indicates that dysregulation of IP3R3-dependent Ca** signaling contributes to
tumor progression and therapeutic resistance in multiple malignancies 23262933,

Despite the recognized role of IP3R3 in regulating apoptotic competence, its expression
pattern and clinicopathological significance in human colorectal adenocarcinoma remain poorly
defined. We hypothesized that progressive loss of IP3R3 expression accompanies CRC
dedifferentiation and reflects impaired pro-apoptotic Ca** signaling.

To test this hypothesis, we analyzed IP3R3 protein expression in paired colorectal
adenocarcinoma and matched adjacent normal colonic tissues from a prospective patient cohort using
complementary biochemical and histopathological approaches. We further examined the relationship
between IP3R3 expression and clinicopathological features to define its clinical significance and

evaluate its potential as a biomarker of tumor differentiation and impaired apoptotic competence in

CRC.

MATERIALS AND METHODS

Study Design and Patient Enrollment

This prospective observational study enrolled patients between 2020 and 2025 at the Department of

General Surgery, University Hospital of Ferrara (Ferrara, Italy). Eligible participants were adult

4
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patients undergoing elective surgery for primary or recurrent colorectal adenocarcinoma, regardless
of disease stage. Exclusion criteria included: (i) neoadjuvant therapy; (ii) previous chemotherapy or
radiotherapy; (iii) immunosuppression or severe chronic inflammatory or autoimmune diseases; (iv)
previous malignant neoplasms at other sites; and (v) concomitant second primary malignancies.

The study was conducted in accordance with the Declaration of Helsinki and approved by the
local Ethics Committee (Comitato Etico Area Vasta Emilia Centro, CE-AVEC; protocol no.
1103/2020/0ss/AUOFe). Written informed consent was obtained from all participants before surgery.

For each patient, paired specimens consisting of colorectal adenocarcinoma tissue (T) and
macroscopically normal colonic mucosa (H), collected at a distance of at least 8§ cm from the tumor
margin, were obtained during surgical resection. Tissue specimens were transported in physiological
saline at 4°C to the Laboratory for Technologies of Advanced Therapies (University Hospital of

Ferrara) and processed within 24 hours of collection.

Clinicopathological Data Collection

Clinicopathological variables collected for each patient included age, sex, tumor recurrence status,
primary tumor location, pathological TNM stage 8, and histological grade.

Histological grading was classified according to the WHO classification as low grade
(well/moderately differentiated) and high grade (poorly differentiated and undifferentiated).

For subgroup analyses, according to pathological TNM stage, patients were stratified into low-
stage (LOW) and intermediate/high-stage (INT/HIG), as detailed below.

Moreover, primary tumors were also categorized as proximal (cecum, ascending colon,
hepatic flexure, transverse colon and splenic flexure) or distal (descending colon, sigmoid colon, and

rectum) colon cancers.
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CPTAC Proteomic Dataset Analysis

Independent validation was performed using publicly available datasets from the Clinical Proteomic
Tumor Analysis Consortium (CPTAC; https://pdc.cancer.gov).

For the analyses shown in Supplementary Figures S1A and S1B, dataset PDC000116 was
interrogated. Protein expression was reported as fold change relative to matched normal tissue. The
original dataset comprised 197 samples annotated for multiple clinicopathological variables,
including tumor stage. Three samples annotated as stage II without subclassification were excluded.

For Supplementary Figure S1C, dataset PDC000111 was analyzed. Protein abundance was
reported as normalized precursor area. Samples originating from the rectum or with unspecified
anatomical origin were excluded. Tumors arising from the cecum and ascending colon were classified
as proximal, whereas tumors from the descending and sigmoid colon were classified as distal.

Because all CPTAC datasets are publicly available and de-identified, no additional ethical

approval was required.

Western Blot Analysis

Approximately 3 mm? of tissue from each biopsy was homogenized in lysis buffer containing 150
mM NaCl, 20 mM Tris-HCI (pH 7.5), 1% Triton X-100, 0.5% SDS, 1 mM EDTA, 1 mM PMSF,
protease inhibitor cocktail, and phosphatase inhibitors. Protein concentration was determined using
the RC DC Protein Assay (Bio-Rad).

Equal amounts of protein (20 pg) were separated by SDS-PAGE, transferred to nitrocellulose
membranes, and blocked with 5% nonfat milk in TBS-T. Membranes were incubated overnight at
4°C with antibodies against IP3R3 (BD Biosciences, #610312) and GAPDH (Cell Signaling
Technology, #2118), followed by horseradish peroxidase-conjugated secondary antibodies.
Immunoreactive bands were visualized using enhanced chemiluminescence and acquired with an

ImageQuant LAS4000 imaging system.



140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

Each biopsy was analyzed in three independent technical replicates. Band intensities were
quantified using Imagel] software. IP3R3 expression was normalized to GAPDH, and the mean
normalized value for each biopsy was used for subsequent analyses.

Samples in which IP3R3 was undetectable in both tumor tissue and matched normal mucosa
could not be reliably classified according to differential expression and were therefore excluded from

quantitative analyses.

Immunohistochemistry

Formalin-fixed, paraffin-embedded tumor specimens from 10 patients representing different
histological grades (Table 2) were analyzed by immunohistochemistry. Four-micrometer tissue
sections were subjected to heat-induced antigen retrieval, endogenous peroxidase blocking, and
incubation with a mouse monoclonal anti-IP3R3 antibody (BD Biosciences, 610312).
Immunoreactivity was detected using the VECTASTAIN Elite ABC system followed by nickel-
enhanced diaminobenzidine development.

Sections were examined using a Nikon Eclipse 80i bright-field microscope equipped with a
digital camera. Representative images were acquired using the software package Lucia G 4.81

(Laboratory Imaging Ltd., Praha, Czech Rep.) under identical acquisition settings.

Statistical Analysis

Normality was assessed using the Shapiro—Wilk test. Because continuous variables were not normally
distributed, data are presented as median with minimum-maximum values unless otherwise
indicated.

Differences between paired samples were analyzed using the Wilcoxon matched-pairs signed-
rank test, whereas comparisons between independent groups were performed using the Mann—
Whitney U test. Multiple-group comparisons were analyzed using the Kruskal-Wallis test followed

by Dunn's multiple-comparison correction.
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All statistical analyses were performed using GraphPad Prism. Two-sided P values <0.05

were considered statistically significant (*= p<0.05; **=p<0.01; ***=p<0.001).

RESULTS

Clinical Characteristics of the Study Cohort

A total of 179 patients with colorectal adenocarcinoma were prospectively enrolled, including 92 men
and 87 women. The clinicopathological characteristics of the study cohort are summarized in Table
1. The median follow-up was 13.3 £ 8.5 months (range, 0.1-30.1 months), during which 28 patients
(15.6%) died.

To investigate the clinicopathological significance of IP3R3 expression, patients were
stratified according to TNM stage, histological grade, and primary tumor location. Based on TNM
classification, tumors were categorized into a low-stage group (stages I-IIA; n = 94) and an
intermediate/high-risk group (stages [IB-IVC; n = 85).

Histopathological evaluation identified 133 well/moderately differentiated (low grade) and 46
poorly differentiated (high grade) adenocarcinomas.

Finally, tumors were classified according to anatomical location as proximal (n = 123) or

distal (n = 56) CRCs.

Loss of IP3R3 Expression Characterizes Human Colorectal Adenocarcinoma

To determine whether IP3R3 expression is altered in colorectal adenocarcinoma, we quantified IP3R3
protein levels by Western blot analysis in paired tumor (T) and matched adjacent normal colonic
mucosa (H). Based on the relative abundance of IP3R3 in each paired specimen, samples were
classified as showing reduced expression in tumors (H > T), unchanged expression (H = T), or
increased expression in tumors (H < T) (Figure 1A). Differences within £10% between paired

samples were considered unchanged.
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Reduced IP3R3 expression in tumor tissue was observed in 46.93% of patients, whereas only
25.14% exhibited higher IP3R3 levels in tumors than in the corresponding normal mucosa (Figure
1B). In 26.26% of paired samples, IP3R3 was undetectable in both tumor and matched normal tissue.
Because these samples could not be reliably classified as exhibiting differential expression, they were
analyzed separately and excluded from subsequent quantitative analyses.

Quantitative analysis of the remaining paired samples demonstrated a significant reduction in
IP3R3 expression in colorectal adenocarcinoma compared with matched normal colonic mucosa
(Figure 1C).

To validate these findings in an independent patient cohort, we interrogated the CRC
proteomic dataset generated by the Clinical Proteomic Tumor Analysis Consortium (CPTAC) and
analyzed ITPR3 protein expression reported by Vasaikar et al. 3*. Consistent with our observations,
ITPR3 protein abundance was significantly lower in colorectal adenocarcinoma than in matched
normal tissue. Here we observed that the medianlog2FC is -0.08, significantly differing from 0,
independently confirming our observation that IP3R3 is downregulated in human CRC (Figure S1A).

Collectively, these findings demonstrate that loss of IP3R3 expression is a common feature of
human colorectal adenocarcinoma and establish the robustness of this observation through

independent proteomic validation.

IP3R3 Downregulation Occurs Independently of TNM Stage

To determine whether IP3R3 downregulation was associated with disease stage, patients were
stratified into low-stage (stages I-IIA) and intermediate/high-stage (stages IIB-IVC) groups
according to the TNM classification, as described in the Methods.

Consistent with the overall cohort analysis, IP3R3 expression remained significantly lower in
tumor tissue than in the corresponding matched normal mucosa in both TNM groups (Figure 2A, B).
Comparison of tumor specimens between low- and intermediate/high-stage patients revealed no

significant difference in IP3R3 expression, although a modest trend toward lower levels was observed

9
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in advanced-stage disease (Figure 2C). A similar trend was observed in the corresponding normal
mucosa (Figure 2D) but did not reach statistical significance.

As above, to independently validate these findings, we analyzed the CRC proteomic dataset
generated by CPTAC **. Samples were stratified using the same TNM-based classification, and
tumor-to-normal ITPR3 protein expression was compared between the two groups. Consistent with
our cohort, no significant association was observed between ITPR3 expression and TNM stage
(Figure S1B).

These findings indicate that IP3R3 downregulation is an early and persistent feature of

colorectal adenocarcinoma that occurs independently of disease stage.

IP3R3 Expression Is Independent of Tumor Sidedness

Because primary tumor location represents an important determinant of CRC biology and therapeutic
response, we next investigated whether IP3R3 expression differed between proximal and distal colon
cancers.

As observed in the overall cohort, IP3R3 expression was significantly lower in tumor tissue
than in matched normal mucosa regardless of tumor location (Figure 3A, B). Although proximal
tumors tended to express lower IP3R3 levels than distal tumors, this difference did not reach statistical
significance (Figure 3C). Likewise, no significant differences were detected in the corresponding
healthy mucosa (Figure 3D).

Independent analysis of the TCGA/CPTAC CRC cohort, in which tumor samples are
annotated according to the anatomical site of resection, confirmed that ITPR3 expression did not
differ significantly between proximal and distal CRCs *> 3%(Figure S1C).

Together, these data demonstrate that loss of IP3R3 expression is independent of the
anatomical location of the primary tumor, suggesting that IP3R3 reflects biological properties shared

across colorectal adenocarcinomas rather than tumor sidedness.

10
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Loss of IP3R3 Expression Correlates with Tumor Dedifferentiation

Having established that IP3R3 downregulation is independent of both TNM stage and tumor
sidedness, we next investigated whether IP3R3 expression was associated with histological
differentiation, one of the principal indicators of tumor aggressiveness.

Patients were stratified into well/moderately differentiated (Low Grade) and poorly
differentiated (High Grade) tumors as described in the Methods. Consistent with the overall cohort
analysis, IP3R3 expression remained significantly lower in tumor tissue than in the corresponding
matched normal mucosa in both groups (Figure 4A, B). Notably, poorly differentiated tumors
exhibited a further significant reduction in IP3R3 expression compared with well/moderately
differentiated lesions (Figure 4C). In contrast, only a nonsignificant trend toward lower IP3R3
expression was observed in the corresponding normal mucosa from patients with G3 tumors (Figure
4D).

These findings identify progressive loss of IP3R3 expression as a feature of tumor
dedifferentiation rather than disease stage or anatomical location, indicating that IP3R3 more closely

reflects the biological state of colorectal tumors than their anatomical extent.

Immunohistochemistry Reveals Progressive Loss of IP3R3 During Tumor

Dedifferentiation

To validate the biochemical findings at the tissue level, IP3R3 expression was evaluated by
immunohistochemistry in representative colorectal adenocarcinoma specimens.

Moderately differentiated tumors retained detectable IP3R3 immunoreactivity despite partial
alteration of glandular architecture. Residual glandular epithelial cells displayed numerous IP3R3-
positive cytoplasmic vesicles, particularly in areas of epithelial erosion. In addition, abundant IP3R3-
immunoreactive material was detected within intraluminal dirty necrosis, where granular cellular

debris indicated release of IP3R3-positive epithelial components (Figure 5A).
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In contrast, poorly differentiated adenocarcinomas showed extensive loss of glandular
organization accompanied by a marked reduction in IP3R3 immunoreactivity. Only occasional
weakly positive cells were detected, whereas IP3R3-positive material within dirty necrosis was
markedly reduced or absent (Figure 5B).

These qualitative observations were consistently reproduced throughout the
immunohistochemical cohort (Table 2) and closely paralleled the biochemical analyses,
demonstrating that progressive loss of IP3R3 accompanies the morphological dedifferentiation of

colorectal adenocarcinoma.

DISCUSSION

Numerous experimental studies have established IP3R3 as a key regulator of ER-to-mitochondria
Ca?* transfer and apoptosis '* 161827 Consistent with this role, several molecular mechanisms have
been shown to regulate IP3R3 abundance, stability, and activity, thereby influencing susceptibility to

2431 Collectively, these observations support the concept that impairment of IP3R3

apoptosis
function may confer a selective advantage during tumorigenesis.

However, studies investigating IP3R3 expression in human cancers have yielded heterogeneous
results, suggesting that the biological contribution of IP3R3 is highly context-dependent 3% 3743,

The present study demonstrates that progressive loss of IP3R3 expression is a characteristic feature
of human colorectal adenocarcinoma and is closely associated with tumor dedifferentiation. By
analyzing paired tumor and matched normal tissues from a prospective patient cohort and
independently validating our findings in the CPTAC proteomic dataset, we show that IP3R3
expression shows an overall reduction in CRC. Notably, IP3R3 downregulation was associated with
histological grade, whereas no significant relationship was observed with TNM stage or primary

tumor location. Collectively, these findings suggest that IP3R3 reflects the biological state of

colorectal tumors rather than their anatomical extent.
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The most significant observation emerging from the present study is the strong association
between IP3R3 loss and histological dedifferentiation. Unlike TNM stage, which primarily reflects
the anatomical extent of disease, histological grade captures fundamental changes in tumor cell
identity and differentiation. The selective association between IP3R3 expression and tumor grade
therefore suggests that IP3R3 is linked to intrinsic tumor biology rather than disease burden. This
interpretation is reinforced by the absence of significant associations with either TNM stage or tumor
sidedness and by the immunohistochemical analyses, which demonstrated progressive disappearance
of IP3R3 immunoreactivity together with loss of glandular architecture.

This association is biologically plausible. Previous studies have shown that IP3 receptor
expression is closely linked to the acquisition and maintenance of differentiated cellular phenotypes,
whereas reduced IP3R signaling has been associated with stemness and cellular plasticity **.
Although our study does not establish a causal relationship, the observed reduction of IP3R3 in poorly
differentiated tumors raises the possibility that impaired ER-to-mitochondria Ca®" signaling either
accompanies or contributes to the progressive loss of differentiation characteristic of aggressive CRC.

To date, recurrent genetic alterations of ITPR3 have not emerged as a common feature of
colorectal adenocarcinoma, indicating that changes in receptor abundance are more likely to arise
from transcriptional, post-transcriptional, or post-translational mechanisms than from direct genomic
alterations. In this regard, the tumor suppressor BAP1 stabilizes IP3R3 by antagonizing FBXL2-
mediated ubiquitination and proteasomal degradation, thereby preserving ER-to-mitochondria Ca**
transfer and apoptotic signaling 2°. Our observation that IP3R3 protein levels progressively decline
in poorly differentiated tumors is fully consistent with the concept that regulation of receptor
abundance contributes to CRC biology. Because receptor abundance directly influences ER-to-
mitochondria Ca** transfer capacity, reduced IP3R3 expression is expected to attenuate mitochondrial

apoptotic signaling and thereby confer a selective survival advantage.
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These observations alone cannot fully explain the biological complexity of IP3R3 in CRC.
Previous studies have demonstrated that AKT-, STAT3- and PTEN-dependent phosphorylation
profoundly modulates IP3R3 function without necessarily altering protein expression 2% 2% 2% 48,

Moreover, the ability of IP3R3 to sustain ER-to-mitochondria Ca** transfer and trigger
mitochondrial Ca?"-dependent apoptosis critically depends on the amount of Ca** stored within the
endoplasmic reticulum. Accordingly, several oncogenes and tumor suppressors regulate apoptotic
sensitivity by modulating ER Ca?*" homeostasis. Among these, anti-apoptotic members of the BCL-2
family reduce ER Ca?* content *°, thereby limiting IP3R3-mediated Ca** transfer to mitochondria,
whereas the tumor suppressor p53 has been shown to enhance ER Ca** loading and promote

mitochondrial Ca** signaling *.

Together, these observations indicate that IP3R3 activity is
determined not only by its expression level but also by the receptor's functional state and the ER Ca**
content, both of which are frequently altered during colorectal tumorigenesis.

Importantly, our own data supports the existence of heterogeneous IP3R3 regulation, since
approximately one quarter of tumors displayed higher IP3R3 expression than the matched normal
mucosa. The present findings complement previous histological observations by providing a
quantitative assessment of total IP3R3 abundance in paired tumor and matched normal tissues.
Several methodological differences distinguish the present study from earlier investigations. First, we
quantified total IP3R3 protein abundance in paired tissues by immunoblotting, whereas previous
studies primarily relied on immunohistochemical assessment of regional protein expression. Second,
matched normal samples were obtained from macroscopically normal colonic mucosa collected at
least 8 cm from the visible tumor margin, thereby minimizing the potential influence of local tumor-
associated tissue alterations. These differences provide a framework to interpret previous apparently

discordant observations *

. Specifically, Shibao et al. reported focal enrichment of IP3R3
immunoreactivity at the invasive tumor front, where increased staining was associated with poor

clinical outcome. Although these findings appear to differ from our overall quantitative analysis, the

two studies employed complementary experimental approaches. While immunoblotting provides a
14
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quantitative estimate of total IP3R3 abundance in paired tissues, immunohistochemistry preserves
tissue architecture and may reveal localized expression within specific tumor compartments.

Our findings are consistent with this model and suggest that downregulation of IP3R3
represents one mechanism by which CRC cells may evade apoptotic stimuli. At the same time, tumors
retaining or even overexpressing IP3R3 may achieve a similar biological outcome through
mechanisms that impair receptor activity rather than its expression, underscoring the importance of
considering both IP3R3 abundance and functional status when evaluating its contribution to CRC
progression.

Our study has several limitations. First, the relatively short follow-up precluded a robust
evaluation of the relationship between IP3R3 expression and long-term clinical outcome. Second, the
observational nature of the study does not establish whether loss of IP3R3 directly contributes to
chemoresistance or tumor progression. Finally, functional studies will be required to determine
whether restoration of IP3R3 expression or activity enhances sensitivity to chemotherapy and limits
disease progression in experimental models of CRC.

Despite these limitations, the present work provides a comprehensive protein-level
characterization of IP3R3 expression in a large cohort of paired human colorectal adenocarcinomas
and matched normal tissues, supported by independent validation in publicly available proteomic
datasets. Our findings identify altered IP3R3 abundance as one layer of regulation underlying IP3R3
biology in CRC. However, the marked heterogeneity observed both within our cohort and across
previous studies indicates that receptor abundance alone is unlikely to fully explain the biological
contribution of IP3R3 to CRC, emphasizing the need to consider both expression and functional

regulation when evaluating its role in tumor progression.
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CONCLUSIONS

We demonstrate that [IP3R3 expression is progressively lost during colorectal tumor dedifferentiation

and is independent of TNM stage and tumor location. These findings identify IP3R3 as a candidate

biomarker of tumor differentiation and provide a rationale for future studies investigating the

contribution of IP3R3-dependent ER-to-mitochondria Ca?* signaling to colorectal cancer progression

and therapeutic response.

LIST OF ABBREVIATIONS

ABC: avidin-biotin complex

AOM: azoxymethane

BAP1: BRCAl-associated protein 1

BCL-2: B-cell lymphoma 2

BRAF: v-Raf murine sarcoma viral oncogene homolog B
Ca?": calcium ion

CE-AVEC: Comitato Etico Area Vasta Emilia Centro
CPTAC: Clinical Proteomic Tumor Analysis Consortium
CRC: colorectal cancer

DN: dirty necrosis

DSS: dextran sodium sulfate

EDTA: ethylenediaminetetraacetic acid

ER: endoplasmic reticulum

FBXL2: F-box and leucine-rich repeat protein 2
GAPDH: glyceraldehyde-3-phosphate dehydrogenase

H: healthy (matched normal colonic mucosa)

HRP: horseradish peroxidase
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380  IPs: inositol 1,4,5-trisphosphate

381 IP3R: inositol 1,4,5-trisphosphate receptor

382  IP3R3: inositol 1,4,5-trisphosphate receptor type 3

383  KRAS: Kirsten rat sarcoma viral oncogene homolog

384  MAMs: mitochondria-associated membranes

385  MSIH: microsatellite instability-high

386  PBS: phosphate-buffered saline

387  PMSF: phenylmethylsulphonyl fluoride

388  SDS: sodium dodecyl sulfate

389  SDS-PAGE: sodium dodecyl sulfate polyacrylamide gel electrophoresis
390  STATS3: signal transducer and activator of transcription 3
391 TCGA: The Cancer Genome Atlas

392  TBS-T: Tris-buffered saline with Tween-20

393  TNM: tumor-node-metastasis staging system

394  WB: western blot
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FIGURE LEGENDS

Figure 1. Differential IP3R3 expression between H and T tissues.

A) Representative WB showing the differential IP3R3 expression levels in the H and the isogenic T
colon mucosa. GAPDH was used as housekeeping and loading control. Full-length blots are presented
in Supplementary Figure 2. B) Slices chart reporting the observed IP3R3 expression patterns
distribution, with the respective percentages. C) Box plot (min-max) reporting the distribution of the
data obtained by WB quantification comparing healthy mucosa with the respective tumor tissue.
Lines highlight the means. The p-value was calculated with the paired two-tailed Wilcoxon test.

**=p<0,01. H= healthy, T= tumor.

Figure 2. IP3R3 expression according to TNM stratification.

A) Box plot comparing IP3R3 values (min-max), and sample variation, between healthy mucosa and
1sogenic tumor tissue in the Low-Stage group. B) Box plot comparing IP3R3 values (min-max), and
sample variation, between healthy mucosa and isogenic tumor tissue in the Int/High-Stage group. C)
Box plot comparing IP3R3 values (min-max), and sample variation, of tumor tissue belonging from
the Low versus the Int/High-Stage group. D) Box plot comparing [P3R3 values (min-max), and
sample variation, of healthy colic mucosa belonging from the Low versus the Int/High-Stage group.
The p-value was calculated with the paired one-tailed Wilcoxon test (A and B) and with the unpaired

two-tailed Mann-Whitney test (C and D). *=p<0,05; ns=not significant. H= healthy, T= tumor.

Figure 3. IP3R3 expression according to tumor localization.

A) Box plot comparing IP3R3 values (min-max), and sample variation, between healthy mucosa and
isogenic tumor tissue in the distal colon carcinoma patients’ group. B) Box plot comparing IP3R3
values (min-max), and sample variation, between healthy mucosa and isogenic tumor tissue in the
proximal colon carcinoma patients’ group. C) Box plot comparing IP3R3 values (min-max), and
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sample variation, of tumor tissue belonging from the proximal versus the distal colon carcinoma
patients’ group. D) Box plot comparing IP3R3 values (min-max), and sample variation, of healthy
colic mucosa belonging from the proximal versus the distal colon carcinoma patients’ group. The p-
value was calculated with the paired one-tailed Wilcoxon test (A and B) and with the unpaired two-

tailed Mann-Whitney test (C and D). *=p<0,05; ns=not significant. H= healthy, T= tumor.

Figure 4. IP3R3 expression according to tumor grading.

A) Box plot comparing IP3R3 values (min-max), and sample variation, between healthy mucosa and
isogenic tumor tissue in the Low Grade carcinoma patients’ group. B) Box plot comparing IP3R3
values (min-max), and sample variation, between healthy mucosa and isogenic tumor tissue in the
High Grade carcinoma patients’ group. C) Box plot comparing IP3R3 values (min-max), and sample
variation, of tumor tissue belonging from the Low versus the High Grade colon carcinoma patients’
group. D) Box plot comparing IP3R3 values (min-max), and sample variation, of healthy colic
mucosa belonging from the Low versus the High Grade colon carcinoma patients’ group. E) Box plot
comparing IP3R3 expression levels between healthy mucosa and tumor tissue from both the grading
groups (Low and High grade). The p-value was calculated with the paired one-tailed Wilcoxon test
(A and B), with the unpaired two-tailed Mann-Whitney test (C and D), and with the Kruskal-Wallis

test with Dunn’s correction. *=p<0,05; ***=p<0.001; ns=not significant. H= healthy, T= tumor.

Figure 5. Immunohistochemical detection of IP3R3 in colon adenocarcinoma.

Representative IP3R3 immunostaining (ABC-peroxidase with nickel enhancement) of paraffin
sections from colon carcinomas with different histopathological grading: a moderately differentiated
case (#4, Low Grade) and a poorly differentiated case (#9, High Grade) shown in A and

B, respectively. Both cases are from the cohort described in Table 2.

IR (dark spots) is sharp in some epithelial cells and in the intra-luminal dirty necrosis (DN) in the G2

case, whereas apparently absent in the G3 one. Scale: bar: 50pm.
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Supplementary Figure 1. Analysis of IP3R3 expression in the CPTAC database.

A) Box plot representing the fold change of IP3R3 expression in colon adenocarcinoma according to
the CPTAC database (original dataset: PDC000116). B) Box plot representing the fold change of
IP3R3 expression in colon adenocarcinoma stratified in the Low versus the Int/High stage groups
(original dataset: PDC000116). C) Box plot representing the relative expression of IP3R3
(Normalized Precursor Area) of tumor tissue belonging from the proximal versus the distal colon
carcinoma patients’ group (original dataset: PDC000111).

The p-value was calculated with the one sample Wilcoxon test (A) or with the unpaired two-tailed
Mann-Whitney test (C and D), and with the Kruskal-Wallis test with Dunn’s correction. *=p<0,05;

*#%=p<0.001; ns=not significant. H= healthy, T= tumor.

Supplementary Figure 2. Full-length Western blots corresponding to Figure 1

A) Uncropped Western Blot showing IP3R3 and GAPDH on the same membrane. Each lane is
labeled with the corresponding sample, including the molecular weight marker, and the approximate
molecular weights (kDa) are indicated on the right. The green box delineates the GAPDH band/lanes
corresponding to those presented in Figure 1. B) Uncropped IP3R3 blot from the same experiment
acquired with a longer exposure to enhance signal detection. The green box highlights the IP3R3

band/lanes corresponding to those presented in Figure 1.

TABLES LEGENDS

Table 1. Description of the colon tumor cohort. SD: standard deviation; MSIH: microsatellite

instability; KRAS: Kirsten rat sarcoma; BRAF: v-Raf murine sarcoma viral oncogene homolog.
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Table 2. Clinicopathological features of the 10 patients included in the immunohistochemistry

analysis. Each case was selected among formalin-fixed, paraffin-embedded colon carcinoma biopsies

and stratified according to histological grade. These specimens correspond to the cases illustrated in

Figure 5.
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