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Editorial

Multiplex immunohistochemistry of metastatic colorectal cancer and ex vivo tumor avatars

Check for
updates

Patient-derived tumor organoids are three-dimensional ex vivo
models of the neoplastic cell population of human solid tumors [1].
Cultured tumor cells self-organize into organoid structures when sup-
plied with suitable media and niche factors in extracellular matrix
scaffolds [2,3]. Tumor organoids recapitulate the genomic makeup [4.,5]
and several pathophysiological traits of tumors [2], and are increasingly
implemented as a powerful tool in translational cancer research [3,6,7].

The journal cover image shows a “yin and yang” representation of
tumor tissue and cultured tumor organoids from a patient with rectal
cancer and metastasis to the liver (the samples were taken from two
distinct hepatic metastases). Both samples are stained with a multiplex
of diagnostic protein markers of colorectal cancer [8,9], and indicate
complementarity of the in situ and ex vivo sample counterparts (Fig. 1).
Both demonstrate a well-differentiated phenotype with cystic structures
of epithelial cell layers and simple columnar cells. The elongated basal
localization of the nuclei and cytokeratin 20 in the luminal sides of
selected structures further indicate cell polarity and molecular tumor
heterogeneity in both samples. Only the tumor tissue showed a non-
neoplastic tumor stroma, indicated by cells positive for cytokeratin 7
and negative for caudal type homeobox 2, and consistent with the
exclusive propagation of malignant epithelial cells in organoids.

The “yin and yang” complementarity of tumor tissue samples and
organoids presents opportunity for a next generation of precision cancer
medicine. Combined tumor biomarker analysis and ex vivo drug sensi-
tivity testing can model the activity of cancer therapies in a personalized
manner. Observational “co-clinical” analyses have shown that tumor
organoids can model clinical treatment responses in metastatic colo-
rectal cancer, including to targeted anti-EGFR therapy [10] and to
chemotherapies with irinotecan [7]. However, no published prospective
intervention studies have yet confirmed the power of organoids to guide
the selection of effective experimental therapies for patients [11]. The
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journal cover image was captured from an ex vive pharmacogenomics
study of patients treated by hepatic resection for metastatic colorectal
cancer. The living biobank includes separate PDO lineages of multiple
liver lesions from each patient, allowing drug sensitivity testing in the
context of metastatic tumor heterogeneity [3,12]. A large ex vivo phar-
macogenomics resource has been established in the pre-clinical phase of
the study (partly unpublished data), and this will serve as a reference
dataset for prospective nomination of standard and experimental anti-
cancer agents in a planned and approved single-arm intervention study
for treatment of patients with metastatic colorectal cancer (EU Clinical
Trials Register number: 2020-003395-41).

Methods

Liver metastases from a patient treated by hepatic resection for
metastatic rectal cancer at Oslo University Hospital were obtained after
written informed consent, in accordance with the Declaration of Hel-
sinki, the Norwegian Data Protection Authority and the Regional Com-
mittee for Medical and Health Research Ethics, South Eastern Norway
(reference: 2010/1805 and 2017/780). Tumor organoids were grown as
previously described [12]. Both the tumor tissue and the organoids were
formalin-fixed, paraffin-embedded and sectioned as 3 pm slices and
stained by multiplex fluorescence-based immunohistochemistry using
Opal kits and reagents (Akoya Biosciences) [12]. Antibodies and fluo-
rophores used were: anti-CDX2 (1:400, clone EPR2764Y, Cell Marque)
detected by Opal 570, anti-CK20 (1:1000, clone Ks20.8, Agilent Dako)
detected by Opal 520, anti-CK7 (1:400, clone OV-TL 12/30, Agilent
Dako) detected by Opal 620, anti-ECAD (1:10.000, clone 36, BD Bio-
sciences) detected by Opal 690. Cell nuclei were stained with DAPL
Multispectral images were acquired with the Vectra3 imaging system
and unmixed in inForm Software (Akoya Biosciences) [13].
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Fig. 1. Multiplex immunohistochemistry of colorectal liver metastasis and tumor organoids.

Multiplex staining of four protein markers in A) a liver metastasis tissue sample and B) tumor organoids of a separate lesion from a patient diagnosed with metastatic
rectal cancer. The merged images in the bottom right panels are shown in the “yin and yang™ representation in the cover image. Red: caudal type homeobox 2
(CDX2); green: cytokeratin 7 (CK7); blue: cell nuclei (DAPI); white: e-cadherin (ECAD); yellow: cytokeratin 20 (CK20). Scale bar: 100 pm. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)
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