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Deep learning—based virtual staining of
tissue facilitates rapid assessment of breast
cancer biomarker

October 27 2022
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Virtual HER?2 staining of unlabeled breast tissue sections using deep learning.
Credit: Ozcan Lab @ UCLA.

Breast cancer is one the leading causes of cancer death among women
globally. Upon breast cancer diagnosis, the testing of HER2—a protein
that promotes cancer cell growth, is routinely carried out to help assess
the cancer prognosis and make HER2-directed treatment plans.

A standard HER?2 test procedure includes taking the breast biopsy,
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preparing the tissue specimen into thin microscopic slides, staining/dying
the slides with specific chemical reagents that highlight the HER2
proteins, and inspecting the stained slides under an optical microscope to
provide the pathological report.

However, this standard HER?2 staining procedure suffers from high costs
and long turn-around time as the staining process requires laborious
sample treatment steps (typically ~24 hours) performed by experts in a
dedicated laboratory facility.

In a recent work published in BME Frontiers, a UCLA research team
developed a computational staining approach powered by deep learning,
which performs the HER?2 staining without requiring any chemicals. The
research team captured the autofluorescence information of the
unstained breast tissue, which is naturally emitted by biological
structures when they absorb light.

They further trained a deep neural network that rapidly transforms these
stain-free autofluorescence images into virtual histological images,
revealing the accurate color and contrast as if the tissue sections were
chemically stained for HER2. This computational staining process takes
only a few minutes per sample and does not need expensive facilities or
toxic chemicals. Using only a computer, the HER?2 staining could be
accomplished much faster and cost-effectively, accelerating breast
cancer assessments and treatment.

Board-certified pathologists blindly validated this Al-based virtual
HER?2 staining technique in terms of both its diagnostic value and stain
quality. The pathologists confirmed that the deep learning-generated
images provide the equivalent diagnostic accuracy for HER?2 assessment
and have a staining quality comparable to the standard images
chemically stained in the laboratory.
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This deep learning-powered virtual HER?2 staining approach eliminates
the need for costly, laborious, and time-consuming HER?2 staining
procedures performed by histology experts and could be extended to
staining of other cancer-related biomarkers to accelerate the traditional
histopathology and diagnostic workflow in clinical settings.

More information: Bijie Bai et al, Label-free virtual HER2
immunohistochemical staining of breast tissue using deep learning, BME
Frontiers (2022). DOI: 10.34133/2022/9786242,
spj.sciencemag.org/journals/bmef/2022/9786242/
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