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Cancer has long been considered a systemic disease that
can actively perturb normal host organs even from dis-
tant anatomic sites.1 Such perturbations will likely
induce alterations in gene expression and protein net-
works within those organs that could ultimately affect
the organism’s physiology1 and may cause tissue dam-
age beyond the tumor itself.2 We now know a great deal
of gene expression landscapes in tumor tissues and the
adjacent normal tissues. However, our knowledge of
other body-wide non-tumor organs is still limited. An
earlier study provided some clues of the tumor effects
on body-wide transcriptomes in a subcutaneous brain
cancer model.3 In a recent issue of eBioMedicine, Jiang
and colleagues provided new insights into the body-
wide molecular alterations in early pancreatic intraepi-
thelial neoplasia, (PanIN) and late stage pancreatic duc-
tal adenocarcinoma (PDAC) of mouse models of
pancreatic cancer.4 The study found that the number of
DEGs (differentially expressed gene) in the non-tumor
organs was generally several-fold higher in mice with
PDAC than with PanIN. This is not surprising as the
degree of tumor-driven systemic perturbations is
expected to increase with tumor progression.

Comparing the transcriptomes of seven mouse
organs: liver, lung, colon, stomach, kidney, heart, and
brain, from animals with and without PanIN or PDAC,
the number of DEGs varied greatly at the different
organs, with the colon having the highest and the brain
having the lowest levels affected by cancer or precursors
in the pancreas compared to controls. Interestingly, the
numbers of DEGs in liver and lung increased substan-
tially from early stage to late stage, and liver and lung
showed the highest number of upregulated genes
among all seven mouse organs in late stage disease. It is
tempting to speculate that the high burden of gene
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perturbations in the liver and lung in PDAC-bearing ani-
mals may in part suggest why liver and lung are the two
most common sites of metastasis of pancreatic cancer.

In recent years, mounting evidence indicates that
neutrophils participate in each step of carcinogenesis,
from tumor initiation to growth and metastasis.5 In pan-
creatic cancer, neutrophils infiltrate pancreatic tumors
at higher levels compared to normal pancreas; PDAC
patients with high neutrophil infiltration have a worse
prognosis.6,7 Interestingly, the study by Jiang and col-
leagues found increased neutrophil infiltration in multi-
ple organs at early stage of PDAC. The neutrophil
infiltration was most prominent in the liver and lung,
again the two most common metastatic sites of PDAC.
Neutrophils are thought to be recruited to the pancreatic
tumors by chemokines and other signaling molecules
released from tumor cells.8 But how do neutrophils
accumulate in non-tumor organs? Studies have shown
that tumor-derived factors released from primary tumor
site could systemically condition distant sites for poten-
tial metastases.5 In fact, early neutrophil accumulation
at distant sites may be an indication for future metasta-
sis.5 The study by Jiang and colleagues provides further
evidence of neutrophils filtration in non- tumor organs
of PDAC mouse models. Just as macrophages could be
characterized by several functional subtypes, neutro-
phils could also have different subtypes with opposing
functions. Neutrophils at the PanIN stage are found to
have greater migratory capacity but not immunosup-
pressive qualities.9 In contrast, the neutrophils are less
migratory and more immunosuppressive at later stages
of PDAC.9 In this context, more work is needed to char-
acterize and understand the factors leading to neutrophil
accumulation and activation in the non-tumor sites.

The study by Jiang and colleagues further explored a
neutrophil-derived metabolite, LTB4, as a PDAC bio-
marker. From the study, it is clear that a subset of
PDAC patients have elevated blood LTB4 levels in com-
parison to both healthy controls and chronic pancreati-
tis. Combination of CA 19-9 and LTB4 resulted in an
impressive high area under the curve (AUC) value in
distinguishing PDAC from healthy and chronic pancre-
atitis controls. Apparently, this is a single study with
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relatively small sample size. Expanding this study with
larger patient cohorts and samples collected from multi-
ple institutions would be required to validate these
findings.

By investigating the body-wide gene expression land-
scapes influenced by the tumor-driven systemic pertur-
bations, the study by Jiang and colleagues provides new
evidence supporting the concept that cancer is a sys-
temic disease. The findings that neutrophils accumulate
in non-tumor organs at early stage of cancer is intrigu-
ing. Are the neutrophil infiltration in non-tumor organs
simply an inflammatory response or early pre-meta-
static niche? Can the neutrophil infiltration in the early
stage of PDAC be exploited as an imaging marker for
early detection? Future research is required to study the
mechanisms of neutrophil infiltration and potential
clinical implications.
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