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Esophageal adenocarcinoma (EAC) is a cancer characterized by rapidly rising incidence and poor survival,

resulting in the need for new prevention and treatment options. Cranberry extracts including proanthocyanidins (C-

PAC) and anthocyanins, flavonoids and glycosides (AFG) mitigate key networks dysregulated in EAC progression

including NOTCH, NRF2, immune, EMT and TP53 signaling.
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1. Introduction

In recent years, rates of esophageal adenocarcinoma (EAC) and the only known precursor lesion, Barrett’s

esophagus (BE), have increased sharply in the United States and the Westernized world. Mechanisms by which

BE progresses to EAC are still being unraveled, but repeated exposure of the esophagus to bile at an acidic pH

can result in gastroesophageal reflux disease (GERD), the primary risk factor for EAC. Subsequent inflammation,

loss of barrier integrity and molecular alterations resulting from GERD contribute to EAC progression . TP53

mutation is recognized as the strongest known driver for EAC progression, documented to occur in over 70% of

EAC cases . Overall, mutational burden for EAC is considered high, but mutational events beyond TP53 tend to

be spread across a large number of genes (i.e., ARID1A, CDKN2A, SMAD4, CTNNB1, EGFR, ERBB2, MET) at

relatively low frequency, as recently reviewed . EAC disproportionality occurs in males and is obesity linked .

Efficacious prevention and treatment strategies are urgently needed considering that EAC is the seventh leading

cause of cancer mortality among Caucasian males in the United States and one with a 5-year survival rate

consistently below 20% .

2. Current Insights

Considering the poor 5-year survival statistics and rising incidence of EAC, there is a critical need for improving

targeted efforts for prevention and treatment of this deadly malignancy. It has been previously shown that cranberry

extracts have cancer inhibitory properties in numerous in vitro studies utilizing an array of diverse cancer cell lines

. Additionally, a few in vivo studies, largely centered around carcinogen-induced and xenograft models,

have supported cranberries’ cancer inhibitory potential . Few clinical studies targeting cancer or

premalignancy have been conducted with cranberry or cranberry derivatives to date; however, the limited research
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does support antibacterial activity, favorable effects on the microbiome, and one study reported a 22.5% drop in

PSA levels following a 30 day intervention .

RPPA results support that C-PAC and AFG treatment have rather pleiotropic effects on diverse cellular processes,

ultimately resulting in EAC cell death. C-PAC and AFG significantly modulated the signal transduction process

network NOTCH signaling. Increased NOTCH signaling is commonly observed in cancer and chemoresistance ,

with polyphenols including quercetin and resveratrol reportedly reducing NOTCH intracellular domain protein levels

. Interestingly, polyphenols including picatannol, apigenin, chrysin and genistein upregulate NOTCH signaling

to elicit anti-cancer effects via inhibition of cellular proliferation and migration . NOTCH signaling is

increased in progression from BE to EAC  and decreased NOTCH signaling inhibits EAC xenografts

. The ability of cranberry polyphenols to downregulate the intracellular domains of NOTCH1 and NOTCH2 is

promising for targeting NOTCH-linked progression of BE to EAC (Figure 1). Kunze et al. recently showed that

NOTCH2 and NOTCH3 were upregulated with progression to EAC in human tissues and expression of the

intracellular domain of NOTCH2 led to increased dysplasia and decreased survival rates in the L2-ILB mouse

model of BE . The data show that the NOTCH signaling pathway is significantly modulated by C-PAC and AFG

and that the canonical NOTCH target and transcriptional repressor HES1  are downregulated by C-PAC and

AFG in JHAD1 cells and by AFG in OE19 cells. C-PAC and AFG impact cell cycle processes in both JHAD1 and

OE19 cells, with G1-S and G2-M highlighted in the process networks. The results for Cyclin B1 are consistent with

the researchers' previous findings reporting that C-PAC induces cell cycle arrest at G2-M, elicits an S-Phase delay

and largely induces caspase-independent cell death, which is also consistent with the enrichment analysis herein

.

 

Figure 1. Polyphenols modulate several proteins involved in inflammation, DNA damage and cell cycle in

premalignant and EAC cell lines. CP-B, CP-C, JHAD1 and OE19 cells were treated with C-PAC (75 µg/mL), AFG

(400 µg/mL) or vehicle and lysates isolated at 24 h following treatment. Western blotting was performed using

commercially available antibodies to proteins of interest. Expression values were normalized to GAPDH and fold

change from vehicle was calculated using Imagelab. Bands with no detectable expression are denoted as ND. CL

denotes a cleaved protein. The plus (+) sign denotes treatment group.
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C-PAC and AFG similarly modulate inflammation and immune responses. The immunosuppressive tumor

microenvironment in EAC, not only results in immunotherapy being relatively ineffective but also allows tumors to

evade cell death and continue to aggressively grow . Immune cells that surround BE and EAC, including

myeloid-derived suppressor cells, T-regulatory cells and Th17 cells, secrete proinflammatory cytokines including IL-

6, IL-19, TNFα and TGF-β, resulting in a tumor permissive environment that promotes tumor cell survival,

proliferation and metastasis . In alignment with the anti-inflammatory capacity of cranberry polyphenols ,

C-PAC and AFG modulated several anti-inflammatory process networks including those linked to IL-2, IL-6, IL-10

signaling and neutrophil activation as well as immune response pathway maps related to interferon, IL-2, IL-3, IL-4,

IL6 and BAFF signaling. One additional pathway map to highlight from the RPPA analysis is that of oxidative stress

due to reactive oxygen species (ROS)-induced cellular signaling in JHAD1 cells. These results are consistent with

data the researchers previously published  showing that C-PAC induces ROS in both JHAD1 and OE19 cells

leading to cell death, but more so in JHAD1 cells, which aligns with oxidative stress being the most modulated

pathway by C-PAC in JHAD1 cells. Additionally, oxidative stress due to the ROS-induced cellular signaling pathway

map is the 13th-most significantly modulated in OE19 cells, further highlighting its central role in cell death

induction in both cell lines. Protein level results following C-PAC, and to a lesser extent AGF treatment, also align

with oxidative-linked changes as evidenced by increased levels of the DNA damage marker phospho-H2AX  in

OE19 and CP-B cell lines. OE19 is a phenotypically aggressive EAC cell line and, although CP-B is a BE derived

cell line, the patient from which the line was developed progressed to EAC, supporting the notion that this BE line

was rewired prior to pathologic progression to EAC. This concept aligns with recent research by Fitzgerald et al.

which identified TP53 mutational events among EAC progressors prior to the onset of high-risk pathology .

These results support that both C-PAC and AFG possess cancer inhibitory properties, but the precise molecules

modulated may reflect cell line diversity and patient heterogeneity.

Given that TP53 is the best-known and most frequent mutation involved in EAC development , the ability of

cranberry polyphenols to target mutant P53 and key signal transduction pathways implicated in EAC progression is

promising and warrants further investigation in early phase clinical trials. These results show that cranberry

polyphenols reduce P53 levels by 10–40%, presumably reflecting reduced levels of the mutated form of the gene.

This phenomenon is encouraging to note in BE-derived cell lines which may reflect sensitivity of premalignant

esophageal cells to TP53 reprogramming by polyphenols. In alignment with these results, others have shown that

polyphenols including curcumin, resveratrol, epigallocatechin-3-gallate, as well as other black and green tea

derivatives, alter TP53 signaling pathways, leading to cell death in a variety of cancer cell lines .

Matrix metalloproteases, including MMP-9, are linked to progression in many cancers and are responsible for the

remodeling of the extracellular matrix, resulting in tumor invasion and metastasis . Increased levels of MMP-9

are observed in tissues from patients with dysplastic BE and EAC, but not those with esophagitis or metaplastic BE

. Furthermore, MMP-9 expression is inversely correlated with protein levels of the phase II detoxification

glutathione-s-transferase pi (GSTP1), with increased levels of GSTP1 in normal patients and those with

esophagitis . The researchers recently showed that C-PAC increases levels of the phase 2 detoxification

enzyme glutathione-s-transferase theta 2 (GSTT2) and protects against acidified bile acid induced cell death in

patient-derived primary normal esophageal cells . Thus, the ability of cranberry constituents to favorably impact
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esophageal cells, both primary and immortalized cell cultures, across a range of histopathology lends support for

the investigation of cranberry constituents in cohorts at increased risk for progression to EAC, such as BE patients.

Consistent with decreased MMP-9 levels, C-PAC and AFG decreased expression of L1CAM in JHAD1 cells, a

neuronal adhesion protein linked to metastasis and chemoresistance, and is overexpressed in many solid tumor

cancers including esophageal squamous cell carcinoma and gastric cancer . AFG modulated similar

process networks as C-PAC in JHAD1 cells including cell cycle kinetics, but also different examples including

downregulation of epithelial to mesenchymal transition (EMT) and proinflammatory signaling cascades involving IL-

2 and IL-4. Both C-PAC and AFG modulated ERBB family signaling in JHAD1 and OE19 cells. ERBB family

members including ERBB1/EGFR and ERBB2/HER2, are receptor tyrosine kinases that are often aberrantly

activated leading to cancer cell migration, EMT, antitumor immunity and cancer cell survival . Upregulation of

both ERBB1/EGFR and ERBB2/HER2 is observed in progression from BE to EAC and increased surface

expression has been used for in vivo detection using fluorescent peptides targeting these two proteins 

.

The ability of C-PAC and AFG to decrease NRF2 in BE and EAC cell lines is intriguing as the NRF2/KEAP1

pathway is upregulated in BE and EAC based on recent COSMIC database analysis . Polyphenols including

luteolin, apigenin and chrysin inhibit NRF2 in multiple cancer cell lines resulting in inhibition of multidrug-resistant

drug transporters, increased sensitivity to chemotherapeutic drugs and ROS-induced cell death . Finally, there is

preliminary data suggesting that brusatol, a natural compound and NRF2 inhibitor , selectively kills EAC cells

versus normal or premalignant metaplastic BE cells and increases sensitivity of EAC cells to the chemotherapeutic

agent cisplatin via increased ROS . Therefore, the ability of C-PAC and AFG to downregulate NRF2 protein

levels in BE and EAC cells is promising.
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