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Dysregulation of miR-31 and miR-21 Induced by Zinc Deficiency Promotes Esophageal Cancer
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RESULTS

Figure 4. miR-31 and miR-21 overexpression in precancerous ZD esophagus/tongue
is cell type specific.

ABSTRACT

Dietary zinc (Zn) deficiency (ZD) in rats induces an inflammatory
gene signature that fuels esophageal squamous cell cancer (ESCC). 100

Figure 1. Normal ZS organs display high abundance of tissue-specific microRNAs. Figure 8. Prolonged ZD (23 weeks) reduces tissue Zn content and induces

overexpression of inflammation markers.
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Figure 2. ZD induces distinct microRNA expression patterns in a wide variety of tissues. . . . o
miR-31 ISH signal (blue, NBT/BCIP, arrowheads) was strong/abundant in esophageal/tongue epithelia

of ZD vs ZS tissues, miR-21 signal (blue, arrows) moderate in basal/stromal cells in ZD vs ZS tissues.
mm-miR-31 or mm-miR-21(2 mismatches) had no ISH signals. Scale bar, 25 pm.
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(A) Tagman miRNA assay: miR-37 and miR-21 expression levels are 5.4 and 3.2-fold higher in ESCC-bearing
ZD esophagi vs cancer-free ZS controls. ZR that prevented ESCC development® reduces miR-31 and miR-21
expression to ZS levels. (B) ISH assay: strong/abundant miR-31 signal (blue, NBT/BCIP, arrowheads) in
tumor and miR-21 signal (blue, arrows) in stroma of ESCC from a ZD rat; weak/absent miR-31/miR21 signals in
ZS and ZR esophageal samples.

Technologies) that directly measures miRNA expression levels without
enzymatic reactions or bias was used. Total RNA (100 ng) was the input
material. Small RNA samples were prepared by ligating a specific DNA tag
onto the 3’ end of each mature miRNA. The tags provided identification for
each miRNA species in the sample. Following hybridization with a panel of
miRNA:tag-specific nCounter capture and barcoded reporter probes, the
hybridized probes were immobilized on a streptavidin-coated cartridge.
Fluorescent barcodes and target RNA molecules were quantified and a
high-density scan was performed. Each sample was normalized to the
geometric mean of 50 most highly expressed miRNAs. Statistical
significances of pair-wise comparisons were calculated by student’s t-test.

TagMan miRNA assay validates 14 representative miRNAs in ZD tissues and establishes upregulation of
miR-31and miR-21in ZD tongue.

CONCLUSIONS

This study shows that prolonged dietary ZD induces aberrant
microRNA expression in a wide variety of tissues associated with
inflammation, suggesting a likely mechanism contributing to the
burden of human diseases associated with ZD. Importantly, the
demonstration of the dysregulation of miR-37 and miR-21 by
dietary ZD in inflammatory esophageal/lingual neoplasia provides
new insight into the mechanisms whereby ZD promotes human
ESCC and tongue SCC.

Table 1. ZD rat tissues show dysregulated oncogenic/tumor suppressor microRNAs

that are aberrantly expressed in various human diseases. Figure 7. miR-31 and miR-21 expression in tongue SCCs is responsive to Zn-therapy.

SCC Rat Tongue
ZS ZnSuppl

SCC Human Tongue

ZD esophagus (Human ESCC/oral SCC)
T miR-31, miR-21, miR-223, miR-142-3p, miR-221;
} miR-204, miR-375

Case 1 - _ Casez _
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ZD skin (Psoriasis)
Gene ontology (GO) analysis: For each miRNA, the common target genes }: miR-31, miR-21, miR-142-3p
found in >2 databases (RNAhybrid, TargetScan, miRDB and microRNA.org)
were used. GO analysis was performed using Database for Annotation,

Visualization and Integrated Discovery (DAVID).

ZD lung (COPD/Human lung cancer)
T: miR-223, miR-451, miR-15b, miR-21 This work was supported by NIH grants (R01CA118560, R21CA152505

to L.Y.F and R0O1CA115965 to C.M.C.).
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TagMan miRNA assay: Pre-designed probes and U87 (normalizer) were from

ZD pancreas (Human pancreatic ductal adenocarcinoma)
Applied Biosystems, and the comparative Ct method was used.
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