
 

Different types of bladder cancer cells share
common genetic ancestry

March 31 2023, by Zachary Sweger

  
 

  

Genomic analysis of urothelial carcinomas with squamous cell differentiation. a
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Hematoxylin and Eosin (H&E) staining of a representative mixed histology
bladder cancer with discrete and separable regions of urothelial carcinoma, NOS
(UC), and squamous differentiation (SqD). In comparison to the urothelial
component, the squamous regions were characterized by the presence of tumor
cells with keratin formation (block arrow), a microscopic feature unequivocal
for squamous differentiation. Scale bar = 2 mm. b Whole exome sequencing of
macrodissected UC and SqD regions of 21 mixed histology bladder cancers
revealed a significantly higher tumor mutational burden in the SqD versus UC
regions (two-sided Wilcoxon paired test, p 0.02). c Oncoprint showing the
mutation status of genes commonly mutated in bladder cancer. For each patient,
the mutation status in the UC component is shown on the left, and the SqD
component on the right. d, e Phylogenetic analysis of two representative
urothelial carcinomas with squamous differentiation highlighting that the UC
and SqD components were derived from a shared precursor. The number of non-
synonymous mutations in each region is shown on top with shared mutations
represented in dark green and mutations private to each component in light
green. The cancer cell fraction (CCF) of individual mutations is indicated by the
degree of blue shading. The UC (orange), SqD (green), and their hypothetical
normal cell of origin (gray) are indicated by the different colors. f Average of
concordant and discordant mutations between paired UC and SqD samples
revealed higher concordance of oncogenic and likely oncogenic mutations
(63.2%) versus all nonsynonymous mutations (33.9%). Credit: Nature
Communications (2022). DOI: 10.1038/s41467-022-34251-3

Why are some bladder cancers resistant to a type of immunotherapy
called immune checkpoint inhibitors? Penn State College of Medicine
researchers have found that the genetic and pathologic diversity of cells
within the tumor may be part of the challenge.

By collaborating with oncologists and researchers at Penn State Health
Milton S. Hershey Medical Center and beyond, the team is striving to
find new preventive strategies and treatments for bladder cancer.
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"One thing that scientists, physicians and patients often don't think about
is that cancer is an evolutionary disease," said Dr. Joshua Warrick,
associate professor of pathology and laboratory medicine and of urology.
"When we study the details of any tumor, particularly bladder cancers,
we see that different parts of the tumor are not always identical. They're
often heterogeneous, with different appearances and genetic profiles,
which can make them challenging for an oncologist to treat."

Approximately 80,000 bladder cancer cases are diagnosed in the United
States each year. For decades, researchers have used platinum‑based
combination chemotherapies to treat patients with metastatic bladder
cancer that has spread from the tumor of origin. Treatment plans may
include a type of immune therapy called immune checkpoint inhibitors.
However, a majority of bladder cancers are resistant to these checkpoint
inhibitors and even patients that respond may find their tumors
eventually resisting the treatment.

Bladder cancers are typically classified by pathologists like Warrick as
urothelial carcinomas. But in locally advanced and metastatic bladder
cancers, pathologists may encounter mixed histologies, or different types
of cells, within a tumor. In the case of bladder cancers, you may have
squamous differentiation—a different type of cancer cell from the
urothelial carcinoma.

"This means you have two types of tumor cells present in some patients,"
Warrick said. "Prior research tells us these patients' cancers may be less
responsive to treatment. Understanding the biological origins of these
mixed histology tumors will help us develop new therapeutic approaches
for this evolving disease."

A large team of researchers and doctors from multiple institutions
partnered with Warrick on this project, including David DeGraff,
associate professor of pathology and laboratory medicine, urology and of
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biochemistry and molecular biology, who co-lead this study with Hikmat
Al-Ahmadie from Memorial Sloan Kettering (MSK) Cancer Center.

"These collaborations are key," DeGraff said. "The array of Penn State
researchers involved in the project, and also our collaborators at
Memorial Sloan Kettering (MSK) Cancer Center and elsewhere, helps us
ensure this research is translational. Clinical observations shape
laboratory research, and in turn, our findings could someday lead to
changes in clinical care through new prevention, diagnostic or treatment
strategies."

  
 

  

David DeGraff, associate professor of pathology and laboratory medicine,
urology and of biochemistry and molecular biology, noted the array of
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researchers involved in the project helps the team ensure their research is
translational. They’re seeking new preventive strategies and treatments for
bladder cancer. Credit: Penn State College of Medicine / Penn State. Creative
Commons

First, the researchers analyzed nearly 850 bladder tumors which were
collected at MSK. Of these, 69% of the tumors were pure urothelial
carcinomas, while 10% had evidence of squamous differentiation.

To study tumor cell differentiation and the biological processes driving it
through a more in-depth approach, urologic oncologists like Dr. Jay
Raman, Dr. Matt Kaag, and medical oncologists like Dr. Monika Joshi,
provided Warrick and DeGraff with samples from patient tumors
collected at Milton S. Hershey Medical Center. Through a series of
experiments and computational analysis led by Vonn Walter, assistant
professor of public health sciences and biochemistry and molecular
biology at Penn State, and Wenhuo Hu, from MSK, the researchers
learned more about the genetics of the tumors. They showed that while 
urothelial carcinoma and squamous cells appear different, they share a
common genetic ancestor—or cell of origin.

"We're the first group to demonstrate this concept," DeGraff said. "Over
the course of disease progression, urothelial carcinomas convert through
a process called plasticity, to squamous cells, but they share the same
tumor cell of origin. Before this study, there was debate as to whether
the plasticity of urothelial carcinomas was responsible for tumor
heterogeneity."

DeGraff studies how the expression and dysregulation of genes like
FOXA1, which are key for maintaining the identity of urothelial cells
found in the urethra, bladder and other areas, can lead to cancer
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development. In this particular study, they found that lost expression of
FOXA1, GATA3 and PPARG can lead to plasticity in bladder cancers.

Through further analysis, the researchers determined that tumor regions
with squamous differentiation have unique interferon signatures, or
signal proteins released by cells in response to cancer, which can
influence how the immune system interacts with those cells. They found
that not only does decreased expression of FOXA1 activate this
interferon signature in squamous cells, but that tumors with mixed
histologies appear to be resistant to a type of immune checkpoint
inhibitor that targets a protein called PD-L1. Cancer cells that make high
amounts of this protein are more susceptible to immune therapies. The
results were published in the journal, Nature Communications.

Ultimately, DeGraff and Warrick said their study has some implications
for clinical trial design and patient care. They noted that patients with
heterogeneity, or mixed cell types, within tumors are often excluded
from enrolling in clinical trials. Since molecular predictive tests are
being developed for cancer, they said there is a strong need to avoid
sampling bias during biopsies. If only selected regions of a tumor are
sampled, they explained that differentiated tumor cells could be missed.

"Our work has implications for identifying bladder cancer patients who
are most likely to respond to certain immune therapies," Warrick said.
"We've found that morphologic heterogeneity, or the presence of
different cell types within a tumor, also implies heterogeneity in the
immune environment. Further profiling of tumors and clinical trials that
identify optimal treatments are needed."

Efforts to better understand cancer are not possible without the support
of the Departments of Pathology and Laboratory Medicine and Urology,
as well as financial donors and patients who donate samples for study.
DeGraff noted that the contributions of the Penn State Health Bladder
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Cancer Survivor Group were appreciated and reminded him of the
importance of his work.

"As a scientist who works in the lab most days, it was meaningful for me
to connect with patients," DeGraff said. "Hearing their stories and being
moved by their generosity helps clinicians and scientists propel these
important discoveries forward."

  More information: Joshua I. Warrick et al, FOXA1 repression drives
lineage plasticity and immune heterogeneity in bladder cancers with
squamous differentiation, Nature Communications (2022). DOI:
10.1038/s41467-022-34251-3
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