
Supplementary methods

To profile the piwi protein expression in the stomach, we used 
microarray and immunohistochemistry technologies.

Microarray. Tissue microarray recipient blocks containing 
181 gastric cancer tissues and 181 normal adjacent tissues 
were constructed from formalin‑fixed paraffin‑embedded 
specimens. We located the appropriate tissue of the normal 
and tumor tissues under the microscope. Then three tissue 
cores (1.5‑mm in diameter) were transferred to a new recipient 
paraffin block using a microarray instrument, according to 
established methods. One cylinder of normal gastric mucosa 
adjacent to each tumor was also transferred to the recipient 
block. Sections (3 mm thick) were cut the day before use and 
stained according to standard protocol.

Immunohistochemistry. Immunostaining was conducted on 
5‑µm paraffin‑embedded tissue sections using antigen retrieval 
with EDTA buffer and the EliVision Plus horseradish peroxidase. 
Staining was performed using an UltraSensitive S‑P (goat) kit 
(Lab Vision Corp, Kalamazoo, MI, USA), following the manufac‑
turer's recommendations. The sections were incubated overnight 
at 4˚C with PIWIL4 antibodies (1/200; cat no. ab111714; Abcam, 
Cambridge, UK). The results were reviewed independently by 
two pathologists. Immunostaining was assessed semi‑quantia‑
tively by measuring both the intensity of the staining (score A 
= 0, 1, 2 or 3) and extent of staining (score B=0, 0%; 1, 1‑10%; 
2, 11‑50%; 3, 51‑80% or 4, 81‑100%). The scores for the inten‑
sity and extent of staining were multiplied (possible maximum 
A x B=12) to give a weighted score (‑, 0‑1; 1+, 1‑2; 2+, 3‑4; or 
3+, 6‑12) for each case (1). The weighted scores were grouped in 
two categories where scores of ≤1+ were considered as negative 
expression and ≥2+ as positive expression. Further, the weighted 
score distribution was compared between cases and controls 
using the extended 2 by 4 Fisher Exact Test.
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Figure S1. The distributions of intensities from all samples.



Figure S2. The Scatter‑plot for the intensity reproducibility between cases and controls.



Figure S3. Illustration for the pathways underlying piRNA‑GC association. Solid lines: Directly evidenced by our study; 
dash lines: Indirectly evidenced by the literature. ❶ piRNA expression is correlated with the risk SNPs (by eQTL analysis). 
❷ piRNAs may regulate the expression of the nearest protein‑coding genes by sequence complementarity via non‑TE pathway. 
❸ mRNAs/proteins of the risk protein‑coding genes are expressed in the stomach (by RNA‑Seq, RNA microarray and mass 
spectrometry‑based proteomics microarray analyses). ❹ RNAs/proteins expressed in the stomach are assumed to have potential 
physiological functions. ❺ Many physiological functions are assumed to be related to the development of GC. ❻ piRNAs are 
hypothesized to suppress RNA retrotransposons that might regulate transcription of proximate genes. ❼ piRNAs are hypoth‑
esized to suppress DNA transposons that might regulate transcription of proximate genes. ❽ Many genes have been associated 
with GC in the literature. ❾ Some genes regulated by piRNAs exert physiological functions in the stomach. ❿ piRNA expres‑
sion in the stomach is detected by microarray analysis. ⓫ piRNAs are associated with GC (by differential expression analysis), 
which is the main goal of the present study. ⓬ Associations between SNPs and GC are identified by GWAS. SNPs, single 
nucleotide polymorphisms; GC, gastric cancer; GWAS, genome‑wide association study.



Figure S4. HeatMap and hierarchical clustering. (x‑axis, individuals; y‑axis, piRNAs; color: Expression levels).



Figure S5. Representative images of PIWIL4 protein expression in gastric cancer and adjacent normal tissues. (A and B) High 
expression of PIWIL4 in gastric cancer. (C and D) Low expression of PIWIL4 in matched adjacent normal tissues. A and C: IHC; 
magnification x100; scale bars, 200 µm. B and D: IHC, magnification x 400; scale bars, 50 µm. IHC, immunohistochemistry.












