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Trop2 is a type-I transmembrane glycoprotein (Alberti et al. 
1992; Fornaro et al. 1995), originally identified by its high 
expression on human trophoblast cells (Lipinski et al. 
1981). Trop2 may transmit an intracellular signal as engage-
ment with antibodies causes calcium flux (Ripani et al. 
1998) and Trop2 expression can activate ERK (Cubas et al. 
2010). A ligand for Trop2 has not been identified, and its 
natural function is not well understood. Loss of function 
mutations in Trop2 underlie gelatinous drop-like corneal 
dystrophy (GDLD) (Tsujikawa et al. 1999), a rare autoso-
mal recessive disorder that is characterized by amyloid for-
mation in the cornea leading to blindness (Weber and Bable 
1980). Recent findings suggest that at least in the cornea, 
Trop2 is required for proper subcellular localization of tight 
junction proteins and maintenance of epithelial barrier 
function (Nakatsukasa et al. 2010).

Trop2 is a paralog of epithelial-specific cell adhesion 
molecule (EpCAM)/Trop1, a growth stimulatory molecule 
(Munz et al. 2009; Zanna et al. 2007) that is a therapeutic 
target for epithelial cancers in several ongoing antibody-
based clinical studies (Sebastian et al. 2009). Trop2 is over-
expressed by various types of human carcinomas including 
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Summary

Trop2 is a cell-surface glycoprotein reported to be overexpressed in various types of adenocarcinomas with minimal 
expression in normal tissues. Recent findings that Trop2 expression correlates with tumor aggressiveness have increased 
interest in Trop2 as a potential target for cancer immunotherapy. The goal of this study was to extensively evaluate Trop2 
expression at the transcript and protein levels in normal and tumor tissues. It was determined that Trop2 is overexpressed 
on some carcinomas relative to the corresponding normal tissue. However, in human and mouse, Trop2 is highly expressed 
at both the transcript and protein levels on several essential normal tissues. The findings suggest that the development 
of therapeutic agents to target Trop2 may require strategies that target Trop2 on malignant tissues in order to minimize 
potential toxicities to essential normal tissues that also express high levels of Trop2. (J Histochem Cytochem 59:701–710, 
2011)
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ovarian (Bignotti et al. 2010), colorectal (Ohmachi et al. 
2006), pancreatic (Fong, Moser, et al. 2008), gastric 
(Muhlmann et al. 2009), and squamous cell carcinoma of 
the oral cavity (Fong, Spizzo, et al. 2008) compared with 
the corresponding normal tissue. High Trop2 expression 
appears to correlate with poor patient prognosis in these 
studies, leading to the suggestion that Trop2 could be a ther-
apeutic target for various carcinomas.

The potential role of Trop2 expression in tumor cells is 
under investigation. Targeting Trop2 with antibodies or RNA 
interference inhibits colony formation by colon cancer cell 
lines in vitro and tumorigenesis in mice (Wang et al. 2008), 
suggesting that Trop2 may regulate cell growth. Conversely, 
ectopic expression of Trop2 promotes anchorage-independent 
growth in vitro (Wang et al. 2008) and tumorigenesis in mice 
(Cubas et al. 2010). Trop2 may also have oncogenic activity 
through a bicistronic CYCLIN D1-TROP2 mRNA frequently 
expressed by ovarian, colonic, and endometrial tumors (Guerra 
et al. 2008). Mutagenesis studies indicate that both the TROP2 
and CYCLIN D1 moieties in the chimera contribute to cell 
transformation (Guerra et al. 2008).

To further evaluate Trop2 as a potential target for  
antibody-based tumor therapy, we analyzed Trop2 mRNA and 
protein expression levels across human and murine tissues and 
compared Trop2 expression in normal and tumor tissues. In 
contrast to literature reports, we used a much broader panel of 
tumors and normal tissues and compared levels of expression 
across all tissues. Most literature reports focused just on the 
comparison of malignant tissues versus the normal counter-
parts. Our findings suggest that Trop2 is widely expressed in 
healthy tissues and that therapeutic methods to specifically tar-
get Trop2 on tumor tissues may be needed to avoid potential 
toxicity to Trop2-expressing normal tissues.

Materials and Methods
Quantitative RT-PCR (qRT-PCR) Analysis of 
Trop2 mRNA Expression

Commercially available RNAs from human, murine, and 
tumor tissues were purchased from Ambion Inc. (Austin, 
TX) and Stratagene Inc. (La Jolla, CA). Each of these 
samples, representing pools of RNAs from 10 or more indi-
viduals, were processed in parallel to RNA extracted in-
house from OCT-embedded, individual patient tissues. 
Tumor tissues from individual patients were verified by 
hematoxylin and eosin staining to contain >60% tumor tis-
sue. The OCT-embedded tissues were homogenized by 
TisssueLyzer (Qiagen, Valencia, CA) and RNA was 
extracted using the mirVana total RNA extraction kit 
(Ambion Inc.). All RNAs were quality checked by A260 
reading (NanoDrop, Wilmington, DE) and Bioanalyzer 
tRNA profile (Agilent Technologies, Santa Clara, CA). 
RNAs were treated with RNase-free DNase (Ambion Inc.) 
and reverse transcribed using random hexamers in the High 

Capacity cDNA Reverse Transcription Kit (Applied 
Biosystems, Foster City, CA).

qRT-PCR was performed on cDNA samples using primers 
to the housekeeping gene, human or murine ACTB, and to the 
target gene, human or murine TROP2. The human ACTB 
primers were 5′-CCT GGC ACC CAG CAC AA-3′ and 5′-
GCC GAT CCA CAC GGA GTA CT-3′ with probe 6FAM-
ATC AAG ATC ATT GCT CCT CCT GAG CG- TAMRA. 
The murine ACTB primers were 5′-TCC TTC GTT GCC 
GGT CCA C-3′ and 5′-ACC AGC GCA GCG ATA TCG TC-3′ 
with probe 6FAM-CCG CCA CCA GTT CGC CAT 
G-TAMRA. TROP2 human and murine gene expression 
assays Hs00242741_s1 and Mm00498401_s1 were purchased 
from Applied Biosystems and validated in-house with PCR 
efficiencies of 91% and 90%, respectively. Both assays were 
run according to the manufacturer’s protocol. Briefly, the qRT-
PCR was performed in a 10-µl reaction with 10 ng of cDNA, 
2× Universal PCR Master Mix (Applied Biosystems), 75 nM 
primers, and 150 nM probe. The RT-PCR amplification pro-
gram consisted of activation at 50C for 2 min followed by 
denaturation at 95C for 10 min, and 40 cycles of amplification 
at 95C for 15 sec and 60C for 1 min with fluorescence capture 
at each step (ABI PRISM 7900HT Sequence Detection 
Systems, Applied Biosystems). Threshold cycle values (C

T
) 

were determined, using Sequence Detector software version 
2.3 (Applied Biosystems) and transformed to 2−ΔCT for relative 
expression of TROP2 to ACTB.

Cell Lines
The 293T cell line was obtained from ATCC (CRL-11268). 
293T is a derivative of the 293 human embryonic kidney cell 
line that stably expresses the large T antigen of SV40. 293T 
cells were grown in DMEM high glucose (GIBCO Inc., 
Billings, MT) supplemented with 10% FBS, 1 mM sodium 
pyruvate, 0.1 mM nonessential amino acids, 50 µM 2-mer-
captoethanol, glutamine, penicillin, and streptomycin.

Ectopic Expression of Trop2 and Western 
Analysis
Amphotropic retroviruses were generated by insertion of 
cDNAs encoding human, cynomolgus, or murine Trop2 
into the pLV405G lentiviral vector, followed by packaging 
into the 293MSR cell line (Amgen Inc., Thousand Oaks, 
CA). After retroviral transduction, 293T cells were selected 
by FACS analysis based on the expression of a murine 
CD8α selection marker co-expressed with Trop2.

For Western analysis, 293T cells were lysed in 20 mM 
Tris-HCl (pH 8) containing 137 mM NaCl, 5 mM EDTA, 
10% glycerol, 1% Triton X-100, and protease inhibitor cock-
tail mix (11-836-170-001; Roche, Indianapolis, IN). Lysates 
were treated, where indicated in Figure 1A, left panel, with a 
protein deglycosylation mix (NEB #P6039) that cleaves both 
N and O-linked glycans. Twenty µg of total cell lysate was 
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loaded per lane of SDS-PAGE gel and transferred to nitrocel-
lulose. The membrane was blocked with 5% skim milk in 
TBS and incubated with 1 µg/ml of MOv16 mouse IgG1 anti-
human Trop2 (ALX-804-650-C100, Enzo Life Sciences, 
Plymouth Meeting, PA) in TBS/0.05% Tween-20 overnight, 
followed by sheep anti-mouse IgG-HRP (PA1-28623; Thermo 
Fisher Scientific, Rockford, IL). Immunoreactive bands were 
visualized by enhanced chemiluminescence detection.

Immunohistochemistry

Table ST1 contains a complete list of human and animal 
samples used in IHC assays. IHC for human Trop2 expression 
was performed on FDA804-1 and FDA804-2 human multi-
tissue arrays (US Biomax Inc., Rockville, MD), which 
included samples of 30 different normal organs as well as 
samples of a wide variety of tumor types from 30 different 

Figure 1. IHC analysis of human Trop2 protein expression. (A) Characterization of IHC antibody specificity. Left panel: MOv16 anti-human 
Trop2 monoclonal antibody detects bands corresponding to the predicted molecular weight of Trop2 in Western blots of untreated and 
deglycosylase-treated human Trop2-transduced 293T cells (lanes 2 and 3, respectively) but not parental 293T cells (lane 1). Right panel: MOv16 
stains human and cynomolgus Trop2-transduced 293T cells but not human epithelial-specific cell adhesion molecule (EpCAM)-transduced or 
parental 293T cells. (B) Trop2 is highly expressed on human ovarian, colonic and thyroid carcinomas, but is not detected on the corresponding 
normal tissues.
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organs. For each normal organ type, the arrays included sam-
ples from three individuals. Additionally, samples of 55 
tumors from different patients were represented. The human 
Trop2 IHC assay was used to examine expression in samples 
of eye from three cynomolgus monkeys.

The following monoclonal antibodies were used for the 
anti-human Trop2 IHC assay at 5 µg/ml final concentration: 
(1) MOv16 mouse IgG1 anti-human Trop2 (ALX-804-
650-C100, Enzo Life Sciences), (2) AMG1 rat IgG1 anti-
human Trop2 (Amgen Inc.), and (3) MOPC-31C mouse IgG1 
isotype control (550615, BD Pharmingen, Franklin Lakes, 
NJ). Formalin-fixed paraffin-embedded tissues samples were 
cut in 4- to 6-µm sections, deparaffinized, and subjected to 
antigen retrieval using Diva Decloaker (Biocare Medical 
Inc., Concord, CA) followed by peroxidase and protein 
blocking (S2001 and X0909, Dako, Denmark). For the anti-
human Trop2 assay, a goat anti-mouse EnVision antibody 
was used (K4001, Dako). Antibody binding was visualized 
using DAB chromogen (K3466, Dako). Initial staining on 
controls demonstrated identical results with both anti-human 
antibodies, so only the MOv16 antibody was used on the 
human tissue screen and is shown in figure images.

IHC for murine Trop2 expression was performed on a panel 
of 40 normal mouse organs. Samples from two different indi-
vidual mice were examined for each organ. Monoclonal anti-
bodies (1) S-19F rat IgG2b raised against the extracellular 
domain of murine Trop2 (sc-80405, Santa Cruz, CA), (2) 
TACSTD2 rat IgG2b anti-murine Trop2 (MAB1122, R&D 
Systems, Minneapolis, MN), and (3) A95-1 rat IgG2b isotype 
control (553987, BD Pharmingen) were used at 5 µg/ml. For 
the anti-mouse Trop2 assay, a rabbit anti-rat linker poly-
clonal antibody (BA-4001, Vector Laboratories Inc., 
Burlingame, CA) was used, followed by goat anti-rabbit 
EnVision antibody (K4003, Dako) and visualization with DAB 
chromogen. Both anti-mouse Trop2 antibodies were used to 
assay the mouse tissue panel with identical results. Figure 4 
shows the IHC stains using the S-19F antibody.

Results
Quantitative mRNA Analysis

To quantitate and compare expression of Trop2 across a 
panel of normal and tumor tissues, an assay was used that 
detects human Trop2, but not EpCAM in qRT-PCR experi-
ments. We first analyzed Trop2 expression in ovarian and 
colonic tissues to determine whether we could reproduce 
literature reports. We found that Trop2 message is highly 
expressed in the majority of clear cell, serous, and endome-
trial ovarian carcinoma tissues examined compared with 
normal ovary (Figure 2A). Trop2 is also overexpressed in 
colon adenocarcinomas compared with normal colon 
(Figure 2A). In contrast to ovarian and colonic tumors, 
Trop2 is not upregulated on the majority of lung tumors 

Figure 2. Quantitative PCR analysis of Trop2 message expression 
in human and mouse. (A) Trop2 is overexpressed by human ovarian 
and intestinal tumors relative to the corresponding normal tissue. 
Expression for individual samples and means are shown. (B) Trop2 
expression by normal human tissues. Trop2 expression from single 
patient samples (top panel) and from mRNA pooled from 10 or 
more patients per sample (bottom panel), relative to housekeeping 
gene, ACTB, is shown. The mean and standard deviation from triplicate 
samples are indicated. (C) Trop2 expression in normal murine tissues. 
The mean and standard deviation from triplicate samples are indicated.
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compared with normal lung (Figure 2A) or on esophageal 
or head and neck tumors compared with normal esophageal 
and head and neck tissue (data not shown). Our findings of 
Trop2 overexpression in ovarian carcinoma and colorectal 
cancers are consistent with literature reports (Ohmachi  
et al. 2006; Bignotti et al. 2010).

We observed that in addition to ovarian and colonic 
tumors, Trop2 message is expressed in a large number of 
normal human tissues including breast, cervix, gall bladder, 
kidney, lung, pancreas, placenta, prostate, salivary gland, 
skin, stomach, testis, thymus, trachea, and uterus (Figure 
2B). The Trop2 mRNA expression pattern in a panel of tis-
sues collected from single donors (Figure 2B, top panel), is 
consistent with the expression observed in a panel of tissue 
mRNAs from pooled samples (Figure 2B, lower panel). 
Although Trop2 is highly expressed on many ovarian and 
colonic tumors (Figure 2A), several essential normal tissues 
including skin, trachea, pancreas, and kidney also express 
high levels of Trop2 transcripts (Figure 2B).

Similar to human Trop2, murine Trop2 message is 
widely expressed across normal tissues, including bladder, 
uterus, kidney, lung, and skin (Figure 2C). Expression of 
murine Trop2 mRNA in kidney and lung has been previ-
ously reported (El Sewedy et al. 1998). In contrast to 
human, Trop2 message is also highly expressed in murine 
esophageal and skeletal muscle tissues (Figure 2C). The 
broad and conserved expression of Trop2 in human and 
mouse suggests that Trop2 may play an important role in 
normal tissue homeostasis. Further studies are required to 
understand the function and regulation of Trop2 expression 
in different tissues.

Trop2 IHC
The specificity of MOv16 anti-human Trop2 antibody was 
confirmed by Western blotting and IHC staining of Trop2-
transduced 293T cells (Figure 1A) and by flow cytometry 
of Trop2 small interfering RNA knockdown in cells natu-
rally expressing Trop2 (data not shown). In Western blots, 
MOv16 recognized bands at ~48 kDa, the predicted molec-
ular weight (MW) of glycosylated Trop2, in Trop2-
transduced, but not parental 293T cells (Figure 1A, left 
panel, lanes 1 and 2). These bands represent different gly-
cosylation states of Trop2 because upon treatment with a 
protein deglycosylase mix that cleaves N and O-linked 
glycans, Trop2 ran as a single band of ~40 kDa MW 
(Figure 1A, left panel, lane 3). In IHC staining, MOv16 
binds to cells transfected with human and cynomolgus 
Trop2, but not to parental 293T cells or cells transfected 
with murine Trop2 or human EpCAM (Figure 1A, right 
panel). Human Trop2 shares approximately 98%, 80%, and 
50% amino acid identity with cynomolgus Trop2, murine 
Trop2, and human EpCAM, respectively.

Consistent with Trop2 mRNA expression (Figure 2A) 
and previous reports (Ohmachi et al. 2006; Bignotti et al. 
2010), Trop2 protein is overexpressed in ovarian and 
colonic carcinomas with little expression detected in the 
corresponding normal tissues (Figure 1B). Trop2 is also 
upregulated on thyroid carcinoma compared with normal 
thyroid tissue (Figure 1B). Additionally, expression was 
seen on carcinomas of the breast, cervix, esophagus, lung, 
pancreas, prostate, stomach, urinary bladder, and uterus 
(Figure 3 and Table 1), indicating that many epithelial neo-
plasms express Trop2. In all cases the staining predomi-
nantly shows membrane localization sometimes with fainter 
cytoplasmic signaling.

In contrast to normal ovarian, colonic, and thyroid tis-
sues where Trop2 protein is not detected (Figure 1B), Trop2 
is strongly expressed on several normal human tissues 
including the stratified squamous epithelium of the cervix 
(Figure 3A), skin (Figure 3B), esophagus, and tonsil crypts 
(data not shown). Cuboidal or columnar epithelium labels 
in multiple organs including glands of the breast and pros-
tate, the glands and lining of the uterus, hepatic bile ducts, 
distal convoluted tubules, and collecting ducts of the kidney 
as well as glandular and ductular epithelium of the salivary 
gland and pancreas (Figure 3). Alveolar pneumocytes of the 
lung and medullary epithelial cells including Hassall’s cor-
puscles in the thymus also express Trop2 (Figures 3A and 
3B). In all cases the staining is predominantly localized to 
the cell membrane sometimes with concurrent fainter cyto-
plasmic signal. Higher magnification images of select nor-
mal and tumor tissues further demonstrate the Trop2 
staining pattern (Figure 3C). The Trop2 protein expression 
pattern (summarized in Table 1) is consistent with the 
mRNA expression (Figure 2). The intensity of staining on 
many normal tissues is similar to the corresponding tumor 
tissue (Figure 3A for examples) and to that observed on 
ovarian, colonic, and thyroid tumors (Figure 1B).

The S-19F anti-murine Trop2 antibody was used to eval-
uate Trop2 expression on a broad panel of normal mouse 
organs. S-19F binds murine Trop2-transduced 293T cells 
but not parental 293T cells (Figure 4A). Trop2 is strongly 
expressed on many murine epithelial tissues with the same 
predominant localization to the cell membrane as was seen 
in human tissue. Examples of staining on murine cervix, 
lung, breast, uterus, salivary gland, kidney, thymus, skin, 
pancreas, and thyroid tissues are shown in Figure 4B. 
Murine Trop2 message (Figure 2C) and protein expression 
(summarized in Table 1) overlapped in the tissues tested.

In humans, mutations in Trop2 lead to GDLD, a disorder 
characterized by amyloid deposits in the cornea of the eye 
leading to blindness (Tsujikawa et al. 1999). Here, we dem-
onstrate that Trop2 is strongly expressed on the membrane of 
corneal epithelia cells in the murine eye (Figure 4C). 
Although samples of human eye were not available, the 
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consistency of this expression across species is demonstrated 
by identical expression in the cornea of the cynomolgus mon-
key (Figure 4D). IHC assays using isotype control antibodies 
were negative in these tissues (Figure 4D).

The Trop2 protein expression pattern is very similar 
across human and murine tissues. Examples of similarities 
are shown in kidney, thymus, and skin (Figures 3B and 4B). 
A few species differences were noted. In particular, human 
pancreas expresses Trop2 (Figure 3B) whereas murine pan-
creas is negative (Figure 4B), and Trop2 is detected on 
murine (Figure 4B) but not human thyroid tissue (Figure 
1B). Alveolar pulmonary epithelial cells do not show signal 
in mouse (Figure 4B) but are positive in human lung (Figure 
3A). Staining is more widespread in human salivary gland, 
whereas it is restricted to the ducts in murine salivary gland 
(data not shown). All organs/tissues examined are listed in 
Table ST1, and a summary of Trop2 protein expression in 
human, murine, and tumor tissues is given in Table 1.

Discussion
Trop2 overexpression on several types of carcinomas and 
association with tumor invasiveness and poor prognosis 
(Bignotti et al. 2010; Fong et al. 2008b) render Trop2 a 
potentially attractive target for antibody-based therapy. A 
major risk with this approach is the potential toxicity to 
healthy tissues that normally express the targeted antigen. 
Trop2 is reported to be expressed in various normal human 
tissues (Lipinski et al. 1981; Cordon-Cardo et al. 1984; 

Fradet et al. 1984; Klein et al. 1987; Alberti et al. 1992) and 
putative prostate cancer stem cells (Goldstein et al. 2008; 
Trerotola et al. 2010). However, an extensive and uniform 
evaluation of Trop2 expression in normal tissues remains to 
be done. Here, we analyzed Trop2 message and protein 
expression in human, murine and tumor tissues and com-
pared expression in normal and tumor tissues.

Trop2 message is detected in many normal human tis-
sues, most notably skin, kidney, prostate, pancreas, breast, 
cervix, uterus, lung, and trachea (Figure 2B). Consistent 
with mRNA findings, the expression of Trop2 protein was 
previously reported in the distal convoluted tubules and col-
lecting ducts of the kidney; in urothelium; in stratified squa-
mous epithelium of the cervix, esophagus, and skin; and in 
glands of the prostate and breast by immunofluorescent 
assays (Fradet et al. 1984; Miotti et al. 1987). We confirmed 
and expanded these observations to show Trop2 protein 
expression in epithelium of the tonsil, liver, lung, pancreas, 
salivary gland, thymus, and uterus (Figure 3 and Table 1).

Aside from a few minor differences such as the thyroid 
gland and pancreas (Figures 1B and 3B), a similar pattern of 
Trop2 protein expression is seen in human and mouse. A 
common theme is membrane localized expression in strati-
fied squamous, cuboidal, and columnar epithelium in both 
species. Localization of Trop2 to the distal convoluted 
tubules and collecting ducts in the kidney of both species is 
also consistent, as is staining in the thymic medullary epi-
thelium and Hassall’s corpuscles (Figures 3B and 4B). The 
wide expression of Trop2 in normal tissues and conservation 

Table 1. Summary of Trop2 Protein Expression in Human, Murine, and Tumor Tissues

Human normal tissue expression
Stratified squamous epithelium
• Cervix
• Esophagus
• Skin
• Tonsil-crypt epithelium
Cuboidal and columnar epithelium
• Breast
• Kidney
• Liver (bile duct epithelium)
• Pancreas (exocrine)
• Prostate
• Salivary gland
• Uterus
Lung (weak, no bronchioles in samples)
Thymic medullary epithelial cells (Hassall’s corpuscles)
Human tumor tissue expression
Carcinomas of the breast, cervix, colon, esophagus, lung, ovary, 

pancreas, prostate, stomach, thyroid, urinary bladder, uterus
Negative human tissues
Brain, bone marrow, colon, heart, intestine, muscle, nerve, ovary, 

pituitary, spleen, testis, thyroid

Mouse normal tissue expression
Stratified squamous epithelium
• Cervix
• Cornea
• Esophagus
• Nonglandular stomach
• Skin
• Tongue
Cuboidal and columnar epithelium
• Epididymis
• Kidney
• Lung bronchi and bronchioles
• Mammary gland
• Oviduct
• Salivary gland
• Thyroid gland
• Trachea
• Uterus
Transitional epithelium of the ureter and urinary bladder
Thymic medullary epithelial cells
Negative mouse tissues
Adrenal gland, aorta, brain, bone marrow, cecum, colon, 

duodenum, heart, ileum, jejunum, liver, lymph node, muscle, 
ovary, pancreas, seminal vesicles, spleen, spinal cord, testis
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Figure 3. Additional examples of human Trop2 protein expression. (A) Upper panel: Trop2 is highly expressed on many normal tissues 
including prostate, cervix, lung, breast, and uterus. Lower panel: Trop2 expression on the corresponding tumor tissues. (B) Additional 
examples of Trop2 expression in human kidney, thymus, skin, pancreas, and liver tissues. (C) High magnification images of selected normal 
and tumor tissues highlight the subcellular localization pattern of Trop2 staining.
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of expression across species suggest that Trop2 may have 
an important function in normal tissues. EpCAM, the Trop2 
paralog, is thought to function as an epithelial cell adhesion 
molecule (Balzar et al. 2001; Litvinov et al. 1997). Trop2 
shares a conserved cysteine-rich region in its extracellular 
domain that is required for EpCAM-mediated adhesions 
(Balzar et al. 2001). Whether Trop2 may also play a role in 
cell adhesion remains to be demonstrated.

IHC revealed Trop2 expression on a number of epithelial 
neoplasms. In this report, expression is demonstrated in 

carcinomas of the breast, cervix, colon, esophagus, lung, 
ovary, pancreas, prostate, stomach, thyroid, urinary bladder, 
and uterus (Figure 1B, Figure 3, and Table 1). The staining 
predominantly showed a strong membrane pattern or a 
mixed membrane and cytoplasmic pattern. Strong expres-
sion on ovarian, colonic, and thyroid carcinoma contrasted 
with little to no expression in the corresponding normal tis-
sue (Figure 1B). However, the level of Trop2 expression in 
these carcinomas appears to be similar to the level in many 
normal tissues including prostate, cervix, lung, breast, 

Figure 4. IHC analysis of Trop2 protein expression in murine tissues and cynomolgus eye. (A) S-19F anti-murine Trop2 antibody stains 
murine Trop2-transduced but not parental 293T cells. (B) Trop2 protein is widely expressed by normal murine tissues. Examples of 
representative staining of cervix, lung, breast, uterus, salivary gland, kidney, thymus, skin, pancreas, and thyroid tissues are shown. (C) S-19F 
anti-Trop2 staining of murine eye (D) MOv16 anti-Trop2 staining of cynomolgus eye.
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uterus, kidney, skin, pancreas and liver, salivary gland, and 
esophagus (Figure 3), raising the question of whether thera-
peutics capable of targeting Trop2 on both normal and 
tumor tissues would have a significant therapeutic window 
when administered systemically. The expression of Trop2 
in many other tumor types including carcinoma of the 
breast, cervix, esophagus, lung, pancreas, prostate, and 
uterus was similar in intensity to the corresponding normal 
tissue (examples shown in Figure 3).

Strong membrane localized Trop2 labeling of the murine 
corneal epithelium (Figure 4C) is consistent with an important 
role of Trop2 in the mechanism of the human condition of 
GDLD. An identical labeling pattern observed in the cynomol-
gus monkey corneal epithelium (Figure 4D) suggests that this 
Trop2 localization is consistent across species. GDLD is 
caused by mutations in Trop2 and is characterized by increased 
permeability of the corneal epithelium (Kinoshita et al. 2000) 
and deposition of amyloid material in the subepithelial space 
of the cornea (Tsujikawa et al. 1999). The strong expression of 
Trop2 in the corneal epithelium suggests that particular atten-
tion will have to be given to potential eye toxicities with thera-
peutics that target Trop2 and are delivered systemically.

In summary, our findings of wide Trop2 expression indicate 
that the successful development of therapeutic agents to target 
Trop2 might require strategies that target the delivery of the 
therapeutic agent to the malignant tissue in order to minimize 
potential toxicities to normal tissues that also express high lev-
els of Trop2. Of most concern as potential target liabilities are 
(1) Trop2 expression in tissue covering large surface areas such 
as the skin, oral mucosa, and esophagus; (2) Trop2 expression 
in functionally essential organs such as the pancreas, kidney, 
and liver; and (3) Trop2 expression in the cornea with the 
potential mechanistic role of Trop2 in maintaining vision. No 
studies on the potential efficacy and toxicity associated with 
targeting Trop2 in humans are available. However, clinical 
studies with high-affinity ING-1 human-engineered (Xoma 
Inc., Berkeley, CA) and 3622W94 humanized (GlaxoWellcome 
Inc., Brentford, UK) monoclonal antibodies targeting EpCAM 
in patients with adenocarcinomas describe cases of acute pan-
creatitis (De Bono et al. 2004) and elevation in pancreatic 
enzymes (Saleh, Posey, et al. 1998; Saleh, LoBuglio, et al. 
1998). Similar to our findings with Trop2, EpCAM protein 
expression in normal pancreatic tissue is reported (Takiyama et 
al. 1989), suggesting that administration of high-affinity anti-
bodies to Trop2 may pose similar concerns.
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