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Abstract
Sarcomatoid urothelial carcinoma (SUC) is a rare histologic subtype with poor prognosis. While there is known
intra-tumoral heterogeneity between individual SUC tumors, the relationship between sarcomatoid and conven-
tional urothelial carcinoma (CUC) within the same patient is poorly understood. The objective of this study was
to identify differences between the sarcomatoid and CUC tumor microenvironment components that may drive
this aggressive phenotype. Using tissue microarrays from eight patient tumors with mixed CUC and SUC, we
examined paired CUC, mixed urothelial carcinoma (UC) regions, and SUC using the Nanostring Digital Spatial
Profiling platform. We found SUC and mixed UC had higher levels of stromal cells, predominately macrophages
and fibroblasts, when compared with CUC within the same tumor. CD14, CD163, and transforming growth
factor-beta levels were significantly higher in SUC than in CUC. Immunohistochemical analysis revealed consis-
tently moderate to strong expression of CD163-positive antigen-presenting cells (APCs) in SUC regions, whereas
CD68-positive APC expression was generally absent. Thus, in mixed histology SUC, the SUC component preferen-
tially expressed CD163-positive APCs and fibroblasts compared to the CUC component. As CD163-positive APCs
and fibroblasts are known to be tumor-promoting and immune-suppressive, this infiltration may contribute to
epithelial to mesenchymal transition and other aggressive properties of SUC.
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Introduction

Sarcomatoid urothelial carcinoma (SUC) is a rare,
aggressive subtype of urothelial carcinoma (UC) that is
morphologically distinct and comprises 5% or less
of UC [1]. Although neoadjuvant chemotherapy in
muscle-invasive SUC results in a 38% pathologic
complete response, there is overall a high recurrence
rate [2]. Moreover, retrospective analyses indicate
that SUC has a poor prognosis when compared with
conventional urothelial carcinoma (CUC) [3].
The aggressive behavior of SUC has traditionally

been thought to be derived from the epithelial to

mesenchymal transition (EMT) of tumor cells, which
is the transformation of polarized epithelial cells into
cells with a mesenchymal phenotype with an increased
capacity to migrate, invade, and survive, including
vimentin, collagen pathways, and TGF-β among others
[4,5]. Over the last few decades, it has become clear that
the tumor microenvironment (TME), which includes
nonmalignant cells of the stroma and immune cells, is a
critical player in cancer progression [6]. With the
approval of immune checkpoint inhibitors (ICIs) for
bladder cancer therapy, there has been a renewed interest
in understanding the characteristics of the tumor immune
TME to be able to predict therapy response [7–10].
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Here, we used digital spatial profiling to compare
the gene expression profile between the carcinomatous
and sarcomatoid components within the same tumor,
aimed at providing further insight into the changes
leading to the more aggressive phenotype, and vali-
dated the results using immunohistochemistry (IHC).

Materials and methods

This study was approved by the institutional review
board of Johns Hopkins Hospital with waved consent
from patients (IRB00369136). The clinicopathologic
characteristics of patients are presented in Table 1.
Tumors from 8 of these patients were used for digital
spatial profiling, and tumors from all 30 patients
for IHC.

Specimens and digital spatial profiling
Tissue microarrays were constructed using formalin-
fixed paraffin-embedded specimens from eight patients
with mixed urothelial carcinoma and sarcomatoid carci-
noma (Figure 1A). Paired CUC and sarcomatoid carci-
noma were analyzed utilizing Nanostring Digital Spatial

Profiling using the cancer transcriptome atlas assay that
includes 1,800 mRNA targets. Immunofluorescence anal-
ysis using anti-pancytokeratin antibody to identify cancer
cells and anti-CD45 to identify lymphoid cells was used
to aid cell selection (Figure 1A). Cores with regions of
interest (ROIs) were selected in real time based on histol-
ogy and annotated as epithelioid/urothelial carcinoma
(n = 26), sarcomatoid (n = 18), and mixed (n = 15), by
expert urologic pathologists (SK and AM) (Figure 1B).
Datasets were annotated and categorized as either
sarcomatoid, epithelial, or mixed. Data quality control
(QC) was performed to identify ROIs with low coverage,
low numbers of cells, etc. Of 59 ROIs, 54 passed QC. A
linear mixed model with Benjamini-Hochberg correction
for multiple hypothesis testing was applied to the ROIs
to identify differentially expressed genes (22 ROIs epi-
thelial, 17 ROIs sarcomatoid, and 15 ROIs mixed).
Pathway analysis was performed on the differentially
expressed genes.

Immunohistochemistry
Immunohistochemical stains were performed at Johns
Hopkins Hospital on a Roche Ventana Benchmark
Ultra automated stainer (Ventana Medical Systems,
Tucson, AZ, USA) for CD68 (clone KP-1, predilute,
Ventana), and on the Leica BOND-III (Leica
Biosystems, Deer Park, IL, USA) for CD163 (clone
1,006, dilution 1:500, Leica Biosystems). Antigen
retrieval was performed using CC1 buffer (cell condi-
tioning 1; citrate buffer pH 6.0, Ventana), and detec-
tion was achieved using the UltraMap DAB detection
kit (Roche Diagnostics Corporation, Indianapolis, IN,
USA). Staining for CD68 and CD163 was used to
assess tumor-infiltrating macrophages and as surrogate
markers of macrophage subpopulations classically
activated (M1, CD68) or alternatively activated
(M2, CD163) [11,12]. Tumor-infiltrating macrophages
were scored as negative/mild when there were ≤5 pos-
itive cells per high-power field (HPF), moderate when
there were 5–50 positive cells per HPF, and strong
when there were ≥50 positive cells per HPF.

Results

Digital spatial profiling allows for discriminatory
assessment of gene expression profiles in areas of
tumors with different morphology. Differentially expre-
ssed genes were identified between sarcomatoid, mixed,
and epithelial ROIs. Pathway enrichment analysis rev-
ealed enrichment of extracellular matrix-related path-
ways within sarcomatoid ROIs. Unbiased hierarchical

Table 1. Clinicopathologic characteristics of the patients
Total number of patients (n) 30
Age (years) 68 (range 42–90)
Male:Female 2.8:1
Race (%)
White 83
African American 14
Asian 3

Average tumor size (cm) 6
Average tumor size (cm) of
sarcomatoid component

4.8

Heterologous elements in
sarcomatoid component (%)

12

Other associated histologic subtypes (%)
Squamous cell carcinoma 20
Glandular/plasmacytoid/signet ring cell 10
Micropapillary 6
Small cell/large cell neuroendocrine 3

Pathologic stage (%)
pT1 6
pT2 36
pT3 41
pT4 17

Surgical resection (%)
Total cystectomy 70
Partial cystectomy 7
Pelvic exenteration 3

NAC and AC (%) 87
Overall survival (months) 14 (range 1–198)

AC, adjuvant chemotherapy; NAC, neoadjuvant chemotherapy.
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clustering of stromal abundance in SUC, mixed, and
CUC revealed that 18 of 24 CUC clustered together,
and 26 of 30 SUC or mixed tumors clustered together
(Figure 1C). Spatial deconvolution of stromal cell
types in the ROIs determined there was a higher total

stromal infiltrate in most SUC and mixed UC when
compared with the CUC component (Figure 1C). This
appeared to be driven by a high abundance of fibro-
blasts and macrophages, which were present at higher
levels in SUC and mixed UC when compared with

Figure 1. Digital spatial profiling (DSP) analysis. (A) Tissue microarrays (TMA) with urothelial and sarcomatoid areas from the same
patients. Hematoxylin and eosin-stained (H&E) TMA (left) used to select epithelioid and sarcomatoid areas for analysis.
Immunofluorescence analysis using anti-pancytokeratin antibody (green) to select cancer cells, anti-CD45 (red) to identify lymphoid
cells, and anti-DNA antibody (light gray) to highlight cell nuclei. White circles indicate areas selected as regions of interest (ROIs).
(B) H&E-stained area showing the transition between epithelioid and sarcomatoid areas in the same tumor selected for DSP.
(C) Pathway analysis comparing carcinoma and sarcomatoid areas showed a more pronounced macrophage and fibroblast signature in
the sarcomatoid areas, although there are some cases in which the epithelioid areas show prominent macrophage infiltration.
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CUC (Figure 1C). There were 8 of 32 SUC and mixed
UC ROI (compared with 3 of 22 CUC) that had high
neutrophil abundance but, overall, there was not a sig-
nificant difference between expression in SUC/mixed
UC and CUC. T cells were present but not signifi-
cantly different between SUC and CUC, and B cells,
NK, and mast cells were minimally present in most
samples (Figure 1C).
To further evaluate the role of macrophages in SUC,

we compared mRNA expression of selected macro-
phage genes between SUC and CUC within each
tumor. In SUC, there was higher expression of CD14
(p = 0.0005), which is a pan-macrophage marker also
expressed on some neutrophils and dendritic cells [13].

Also in SUC, there was higher expression of CD163
(p = 0.001), which is expressed by immune suppres-
sive antigen-presenting cells (APCs), along with CD68
(p = 0.0004) and TNF-α (p = 0.004), which are gen-
erally associated with immune stimulatory APCs [14].
Finally, in the SUC component, there was significantly
higher expression of transforming growth factor beta
(TGFβ; p = 0.049), which is secreted by immune sup-
pressive macrophages as well as cancer associated
fibroblasts [15]. There was no difference in CD274
(encoding PD-L1) expression between SUC and CUC
areas.
To confirm the above findings, we performed IHC

for CD163 and CD68 in tumors from 30 patients

Figure 2. Immunohistochemical staining for CD68 and CD163. The top row shows H&E-stained sections showing epithelioid (left) and
sarcomatoid (right) areas of the same tumor. The middle row shows immunostaining for CD68, and the bottom row shows the same
areas as the top and middle rows but stained for CD163, demonstrating stronger and more diffuse staining compared with CD68.
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including the 8 tumors used for the TMA, with a focus
on the SUC component. Infiltration of CD163-positive
APCs was significantly higher than CD68-positive
APCs (p < 0.001). Staining for CD163 was strong in
13 of 30 cases (44%), and moderate in the remaining
17 of 30 (56%). Conversely, staining for CD68 was
negative in 27 of 30 cases (87%) and mild to moderate
in 3 of 30 cases (13%). Thus, CD163-positive APCs
predominate in SUC (Figure 2).

Discussion

This study demonstrates that (1) stromal infiltration is
overall greater in the SUC component when compared
with conventional UC in mixed histology SUC, (2) this
stromal infiltration is dominated by macrophages and
fibroblasts, and (3) CD163-positive APCs predominate
over CD68-positive APCs in the SUC component.
The value of this analysis is that it used spatial profil-

ing to compare the SUC component with the conven-
tional UC component within the same tumor. Previous
comparisons of SUC with conventional UC within the
same tumor indicated upregulation of EMT, which is
associated with tumor aggressiveness [16]. In addition,
comprehensive analysis of 28 SUC and 84 CUC also
identified an EMT signature as a primary characteristic
of SUC [17]. This study extends these findings by
implicating fibroblasts and CD163-positive APCs,
which both drive EMT, as the predominant immune
infiltrate in SUC. Additionally, TGFβ is commonly pro-
duced by both of these cell types [15], and this cytokine
is known to drive EMT and tumorigenicity in UC [18].
Thus, EMT could be driven by these two cell types.
Previous studies have identified an immune-suppr-
essive macrophage gene signature in SUC using
bulk RNA molecular analyses but did not confirm
this with Immunohistochemical analyses of macro-
phage markers [17]. Our study found a pronounced
macrophage infiltration (and comparatively few B
cells) in most SUC components, which contrasts
SUC with a recent report of spatial transcriptomic
profiling in conventional muscle-invasive UC, where
B cells predominated (along with macrophages in a
subset of tumors) [19].
Our IHC studies have demonstrated higher tumor

infiltration of CD163-positive macrophages than
CD68-positive macrophages in the sarcomatoid com-
ponent. CD163 has been identified as a marker of
macrophages with immunosuppressive and tumor pro-
gression features [12]. Notably, one of the cytokines
associated with the activation of this tumor progression

pathway is TGFβ, which was also identified as signifi-
cantly more highly expressed in the sarcomatoid com-
ponent of tumors. TGFβ is known for playing a
significant role in EMT, epithelial plasticity, and inva-
sive properties of cancer cells. A previous study has
emphasized the potential role of EMT in the aggres-
sive biology of SUC, demonstrating that tumor cells
gain expression of certain EMT-associated markers
including foreheadbox protein C2 (FOXC2), SNAIL,
and SEB1, while they lose expression of epithelial
derived markers including N- and E-cadherins [20].
This study has several limitations, including a small

sample size with low statistical power, reliance on sam-
ples from a single institution, and the absence of sepa-
rate training and test cohorts, among others. However,
its strengths lie in the fact that the findings are based on
comparisons within the same tumor, which helps to
identify differences more likely associated with
sarcomatoid transformation. In conclusion, our study
demonstrates that brisk infiltration of CD163-positive
macrophages in the sarcomatoid areas could be a criti-
cal determinant of its clinical aggressiveness.
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