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In this post-genomic era of cancer research, our ability
to molecularly define various subtypes of cancer raises
tremendous promise for the concepts of patient targeted
therapies and precision medicine. A particular bright spot
in the utility of cancer subtyping is the example of breast
cancer, which has been well defined at the molecular level:
tumor subtypes are currently classified based upon the
expression of estrogen receptor, progesterone receptor, and
human epidermal growth factor receptor 2, and current
targeted treatment strategies based on subtype assessment
have increased clinical responses in the last decade (1). In
stark contrast to the subtype success achieved in breast
cancer analysis is the present state of pancreatic ductal
adenocarcinoma (PDAC). PDAC is one of the most lethal
malignancies and the fourth leading cause of cancer deaths,
associated with a dismal 5-year survival rate of only ~5%.
This poor outlook results from late-stage diagnosis of
disease, as non-invasive early detection methods remain
elusive in the clinic, and current treatment modalities
extend patient lifespan by only several weeks to months (2).
Typically PDAC has been treated as a single aggressive
form of cancer, because disease is detected almost universally
at advanced stages. The identification of common druggable
molecular targets, especially those representing specific
subgroups of PDACs, will allow therapy to be optimized to
increase patient survival. In recent years genomic expression
profiling has begun to define separate PDAC subtypes
(3,4), a promising discovery for our efforts in treating
PDAC. The next major step will therefore be to determine
how these subtypes differ in clinically relevant ways and
use these findings to target PDACs in a more focused
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and accurate approach. This year Noll et al. reported
studies identifying new diagnostic markers for PDAC
subtypes and demonstrating the first putative subtype-
specific drug resistance mechanism (5). These findings
highlight molecular differences among PDAC subtypes
and cumulatively represent a substantial step forward
in understanding the pathogenesis of pancreatic cancer.
This work is an important starting point for translating
molecular studies to the clinic and the development of
new therapeutics with the potential to achieve a significant
improvement in patient outcome.

Historically subtyping PDAC has been difficult, in
large part due to the complex tumor microenvironment.
In 2011 Collisson ez al. (3) reported the existence of three
separate subtypes—“classical”, “quasimesenchymal”, (QM-
PDA), and “exocrine-like”—defined by differences in gene
expression signatures, KRAS addiction, and drug response.
Due to the absence of exocrine-like cell lines in vitro, this
study only evaluated features of the classical and QM-
PDA subtypes; the nature of the exocrine-like subtype, and
whether this population is a true subgroup, has therefore
remained an open question. In another study, Moffitt
et al. (4) employed an approach that subtracted mRNA
transcripts associated with normal pancreatic tissue that
defined only two PDAC subtypes, “classical” and “basal,”
the latter subtype showing some overlap with the previously
defined QM-PDA group (6). In the recent work of Noll
et al. (5), patient tumor specimens were implanted into
mice used to derive pancreatic adenocarcinoma (PACO)
cell lines representative of each of Collisson’s subtypes,
accompanied by histological and RNA profile verification,
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Table 1 Characteristics of pancreatic cancer subtypes

Scott and Wilkinson. HNF1A, KRT81, and CYP3AS5 in PDAC subtypes

PDAC subtype KRT81 HNF1A CYP3A5 Percentage of tumors Grade Mean survival
Classical - - - 45% 41.5% grade 3 26.3 months
QM-PDA + - - 35% 50.6% grade 3 16.5 months
Exocrine-like - + + 20% 24% grade 3 43.5 months

PDAC, pancreatic ductal adenocarcinoma; KRT81, cytokeratin 81; HNF1A, hepatocyte nuclear factor 1 alpha; CYP3AS5, cytochrome P450 3A5.

which confirms the existence of all three subtypes defined
by Collisson et al. The establishment of cell lines of each
subtype is an important accomplishment, as the absence
of exocrine-like cells iz vitro has in the past posed an
unidentified challenge to accurate assessment of disease
representative of all PDAC patients. Identifying molecular
and functional differences among these cell types, such as
metabolism (7), tumor microenvironment (8), drug resistance
(3,5), and immune evasion and immunotherapy (9), in future
studies will be highly valuable.

To extend molecular characteristics of each subtype into
clinical utility, an important step is to determine diagnostic
markers for patient stratification. Noll ez a/. (5) presented
surrogate protein markers for the PDAC subtypes, showing
that hepatocyte nuclear factor 1 alpha (HNF1A) and
cytokeratin 81 (KRT'81) are enriched almost exclusively to
exocrine-like and QM-PDA subtypes, respectively (Table 1).
Levels of HNF1A and KRT81 are inversely correlated
in PDAC, and neither protein is frequently found in
the classical subtype. Therefore using standard clinical
immunohistochemical methods, the classical PDAC subtype
can be determined by double negative (KRT81I'HNF1A",
DN) status, KRT81"HNF1A™ for QM-PDA, and KRTS81"
HNFI1A" for the exocrine-like group in patients. HNFI1A
and KRT81 are associated with survival and grade: the
KRT81" subtype correlates with low mean survival and
poor differentiation, whereas HNFIA® tumors show the
greatest mean survival and cell differentiation, with DN
tumors lying in between for both survival and differentiation
(Table I). Although subtype appears to predict patient
prognosis, overall average survival is very low (<5 years),
underscoring the need to develop improved approaches
to targeting PDAC:s, likely by identifying and targeting
cellular processes unique to each group.

While classical and QM-PDA tumors are sensitive
to cell death by small molecule chemotherapeutics, the
exocrine-like subtype is resistant to these agents. Noll
et al. go on to show that this drug resistance mechanism
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stems from elevated expression of cytochrome P450 3A5
(CYP3AS), a heme-thiolate monooxygenase normally
expressed in the liver that mediates xenobiotic metabolism
to detoxify drugs in the body (10,11). Expression of
CYP3AS correlates positively with HNFIA and inversely
with KRT81 in PDAC, and within the exocrine-like
subtype CYP3AS expression is both elevated and drug-
inducible relative to normal tissues, QM-PDA, and classical
PDAC cells. CYP3A5 mediates resistance against tyrosine
kinase inhibitors including erlotinib (EGFR inhibitor)
and dasatinib (SRC and ABL1 inhibitor), as well as the
CYP3AS substrate paclitaxel, a cytoskeletal drug that
disrupts microtubule breakdown during cell division.
Both the pan-CYP inhibitor ketoconazole and shRNA-
mediated knockdown of CYP3AS sensitize exocrine-like
cells to treatment, while expression of CYP3A4 or CYP3A7
appear to be neither elevated nor important to PDAC
drug resistance, suggesting that CYP3AS5 is the lone culprit
within the CYP family of enzymes. Furthermore, tumors
cannot adapt to the loss of CYP3AS following sustained
treatment, which suggests that CYP3AS5 makes an important
candidate therapeutic target in exocrine-like tumors. Basal
CYP3AS5 expression in exocrine-like tumors is mediated
by the transcription factor HNF4A, while drug-induced
CYP3AS5 is controlled by NR112, also known as PXR, and
the presence of both CYP3AS5-regulating proteins appears
to have an additive effect in PDAC drug resistance (Figure I).
Therefore targeting these upstream regulators of CYP3AS
may also be therapeutically valuable.

Though CYP3AS5 appears to play a predominant role in
facilitating cancer cell protection against chemotherapy only
in exocrine-like tumors, CYP3AS5-mediated drug resistance
is not limited solely to exocrine-like PDACs. Indeed, when
classical and QM-PDA tumors acquire resistance against
therapy, CYP3AS expression and activity are elevated as an
adaptation to sustained treatment, and ectopic expression
of CYP3AS5 confers protection to non-exocrine-like cells.
Tissue microarray analyses suggest that CYP3AS5-mediated
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Figure 1 Mechanism of CYP3A5-mediated basal and acquired
therapy resistance among PDAC subtypes. In exocrine-like tumors,
basal expression of CYP3AS is regulated by HNF4A while drug-
induced expression is mediated by NR112/PXR. Classical and QM-
PDA tumors may acquire drug resistance via upregulation of CYP3AS
following sustained treatment. CYP3AS, cytochrome P450 3AS5.

drug resistance is not only a feature of PDAC but other
cancers as well, and these observations were confirmed
using cancer cells of non-pancreatic origin. This suggests
that CYP3AS5 is a potential general target in cancer, and it
will be important to determine its pro-tumor activities in
other cancer types.

The pre-clinical characterization of all three PDAC
subtypes in vivo is an important step forward in pancreatic
cancer treatment. The establishment of PACO cell lines
will be useful in determining further differences among
subtypes, and the application of the finding that CYP3AS5 is
a protector of exocrine-like cells will be valuable clinically.
Given the known physiological roles of the CYPs, it is
not surprising that CYP3AS5 protects cancer cells from
treatment, but its now confirmed role as a mediator of
exocrine-like tumor drug resistance and its regulatory
mechanisms in PDAC highlight its value as a potential
target. We now have a mechanistic basis for differences in
drug resistance among the PDAC subtypes, and in light
of these in vivo studies, development of CYP3AS drugs
is warranted. CYP3AS5 is dispensable to normal tissues
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(12,13), but central to chemoresistance in PDAC. Despite
high levels of CYP3AS5 in tumors relative to healthy
tissues, inhibiting the drug clearance activities of CYPs in
noncancerous tissues presents the possible clinical pitfall
of elevating the systemic toxicity of other chemotherapies.
Therefore the significance of achieving high chemical
specificity for CYP3AS, but not other CYPs, is worth
noting. An alternative approach to CYP3AS5 inhibition
might instead be to seek out anti-tumor agents that are not
metabolized by CYPs and therefore circumvent CYP3A5-
mediated resistance. Another possibility is the development
of small molecules that serve as substrates for CYP3AS5 (such
as a modified form of paclitaxel), with the oxidation product
functioning as an active form of the drug, thus turning the
tumor’s resistance mechanism against itself.

Immunohistological detection of HNF1A and KRT81
may prove important to revealing which patients are likely
to benefit from such therapy. Evaluating the subtype and
context specificity of CYP3AS in other cancer types will also
be an important goal for therapeutic development, as well
as determining if the correlation of HNFIA and KRT81
with CYP3AS extends to other cancers. Altogether the work
of Noll et al. demonstrated a substantial body of clinically
useful findings, yet the “smoking gun” for PDAC treatment
remains elusive. We can only hope that these targets
represent three additional straws on the back of PDAC,
and may one day bring us that much closer to improved
therapeutic intervention.
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