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TM9OSF4 expression in tumor tissues: a novel diagnostic biomarker
for gastrointestinal tumors
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Background: The identification of novel biomarkers for the early detection and monitoring of gastric
(GC) and colorectal cancer (CRC) is of paramount importance. TM9SF4 is a newly described V-ATPase
interacting protein involved in the malignant progression of cancer cells. While TM9SF4 expression
pattern and cellular localization have been described in iz vitro in tumor cell lines of different histotypes, its
expression in gastrointestinal tumor tissues has never been investigated.

Methods: In this study, we detected by immunohistochemistry (IHC) in tumor and surrounding healthy
tissues TM9SF4, in comparison with clinically adopted biomarkers CEA and CA 19-9 to evaluate TM9SF4
potential as a novel tissue marker for early detection and monitoring of GC and CRC cancers.

Results: The expression of TM9SF4, CEA and CA 19-9 was evaluated in samples from 108 cancer patients
(68 with GC and 40 CRC) and in healthy tissues from 20 non-cancer patients. Our results clearly suggest
that TM9SF4 expression was significantly increased in GC and CRC samples and significantly correlated to
disease stage in both cancer types.

Conclusions: We propose TM9SF4 as highly specific cancer biomarker, exploitable for disease detection
and staging of gastrointestinal cancers patients, with tumor tissue levels of expression outperforming those of

clinically adopted markers such as CEA and CA 19-9.
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Introduction rate for CRC patients diagnosed in early stage is >90%,
while for those diagnosed in late stage is approximately

Gastric cancer (GC) and colorectal cancer (CRC) 7%. Currently, there are several approaches to screen

are respectively the fifth and the third most common
malignancies globally, as well as the third and second
leading cause of cancer related deaths (1). Survival of
patients affected by these cancers is significantly associated
with disease staging at diagnosis. The five-year survival

© Translational Cancer Research. All rights reserved.

these cancers, mainly based on endoscopic analysis of the
mucosae followed by biopsy and fecal occult blood test
(FOBT) for colon cancer (2-4). These techniques have
inherent limitations, especially in early diagnosis settings:
endoscopic exams are invasive, costly and associated with
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patients discomfort and procedural risks, while FOBT,
though non-invasive and affordable, has inadequate
sensitivity and specificity to stand alone as a diagnostic test
(5,6). For these reasons, a considerable amount of these
tumors is diagnosed at advanced stages when the complete
cure is hardly possible. Diagnostic delay is also due to a lack
of symptoms and of specific biomarkers. In facts, analysis
of tumor biopsies for suspected GC and CRC is currently
based on pathologist examination of counterstained tissue,
with no immunohistochemistry (IHC) markers being widely
recognized as useful for early diagnostics (7). Development
of novel sensitive biomarkers for assessing occult residual
diseases after surgery and monitoring recurrences or
metastases of CRC is therefore urgently needed.

Carcinoembryonic antigen (CEA) and carbohydrate
antigen 19-9 (CA 19-9) are among the best available
prognostic markers for digestive cancers, including GC and
CRC (8-10). However, low sensitivity and low specificity
of these markers affects their use as biomarkers for early
diagnosis, and their expression level is considered for post-
resection monitoring of patients with already diagnosed
cancer.

Transmembrane 9 Superfamily 4 (TM9SF4) is a recently
described transmembrane protein highly expressed in
melanoma, colon carcinoma cell lines, acute myeloid
leukemia and myelodysplastic syndromes. Recent studies
have demonstrated that TM9SF4 is an autophagic marker
involved in tumor cells cannibalism, a phenomenon often
related to poor prognosis (11-15). TM9SF4 is mainly
detectable in intracellular vesicles such as endosomes and
other vesicles, where aberrantly activates the H[+]-Vacuolar
ATPase, a proton pump involved in the tumor pH gradient
alterations associated with drug resistance and invasiveness
of cancer cells (16).

The aim of our study was: (I) to analyze the TM9SF4
expression in GC, CRC tissues and precancerous lesions
associated to these cancers, (II) evaluate its diagnostic
value in comparison to CEA and CA 19-9. We present
the following article in accordance with the REMARK
reporting checklist (available at http://dx.doi.org/10.21037/
ter-20-516).

Methods
Patients

One hundred and eight cancer patients (68 with GC and 40
with CRC) and a relevant group of controls were included
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to the study. The GC patient cohort had equal proportions
of intestinal and diffuse cancers, further subdivided into
non-advanced (Stage I-II) and advanced (Stage I1I-1V) cases
(17 cases for each subgroup). Only tissue samples obtained
by surgical resection of the tumor were used in this cohort.
The control group, defined according to the updated
Sydney classification (17), contained 10 patients from whom
upper endoscopy biopsy material was available. In addition,
10 patients with low grade dysplasia were enrolled.

Forty surgery samples from patients with CRC were
included to the analysis, out of these 20 were with non-
advanced (Stage I-1I) and 20 with advanced (Stage III-IV)
disease. All patients were staged according to the American
Joint Committee on Cancer (18). The control group
contained 10 patients for whom colonoscopy data were
available. Furthermore, 10 patients with hyperplastic and
sessile serrated polyp and 10 patients with tubular/villous
adenoma were enrolled in the study. All patients signed
an informed consent before being included to the study.
The study was approved by a local ethical committee (the
Central Medical Ethics Committee of Latvia, Approval
No. 01-29.1/20 from 22.09.2011) in accordance to the
Declaration of Helsinki (as revised in 2013).

The mean age of patients with GC was 61.91x11.38 years,
while the male/female ratio was 32/35. The mean age of
patients with control group and low grade dysplasia was
respectively, 56.45+16.30 and 59.34+12.48 years. Table S1
shows an overview of enrolled patients’ characteristics. The
mean age of CRC patients was 64.25£9.565 years, while the
male/female ratio was 21/19. The mean age of patients with
control group, hyperplastic polyps, sessile serrated adenoma
and tubular/villous adenoma was respectively 52.40+18.10,
58.30£14.68, 52.18+18.20 and 61.30£14.49 years. Table S1

shows an overview of enrolled patients characteristics.

Tissue processing and IHC

Paraffin embedded tissue specimens were retrieved from
the Biobank of Riga East University Hospital. Specimens
were cut in 3-pm-thick sections and slides were stained
with haematoxylin and eosin to evaluate histopathological
changes. Antigen retrieval was achieved by incubating
the slides with Tris/EDTA buffer at pH=9.0 for 30 min
in a scientific microwave. The slides were then incubated
overnight at 4 °C with rabbit polyclonal anti-TM9SF4
antibody (HansaBioMed OU, Tallinn Estonia), anti-CEA
antibody (clone II -7, M7072. DAKO Glostrup Denmark,)
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Figure 1 Immunohistochemical analysis of TM9SF4, expression in gastric tissues. (A) gastric control group mucosa; (B) low grade dysplasia;

(C) intestinal type gastric cancer; tissue samples. Magnification x200. (D) Two-way ANOVA followed by Bonferroni post test analysis of
TMO9SF4 THC score values of gastric cancer samples at different stages of disease. **, P<0.01, ***, P<0.001 compared to control group
(Figure S1A). Value legend. 0-1 = negative/borderline; 1 = weakly expressed; 2 = expressed; 3 = strongly positive. CTR, control gastric
mucosa. LGD, low grade dysplasia; EIGC, Early GC intestinal type; LIGC, Late GC intestinal type; EDGC, Early GC diffuse type;

LDGC, Late GC diftuse type.

and anti-CA 19-9 antibody (clone 116-NS-19-9, M3517,
DAKO). Antibody binding was detected using the EnVision
reagent following the manufacturer’s instructions (DAKO).

Imaging, quantitation of cells and data analysis

Immunostained slides of each histology sample were
scanned with Panoramic Midi slide scanner (3D Histech
Hungary) at magnification x20. The whole-area scanned of
each slide was analyzed with Image Analysis QuantCenter
(3DHistech). A score was given for every specimen
according to the intensity of the nuclear or cytoplasmic
staining (no staining = 0, weak staining = 1, moderate
staining = 2, strong staining = 3) and the extent of stained
cells (0% = score 0; 1-10% = 1; 11-50% = 2; >51% = score
3. Negative means 0% area staining. Focally positive means
1-80% area staining, diffusely positive means 81-100% area
staining. Values were expressed as mean = SD.

© Translational Cancer Research. All rights reserved.

Statistical analysis

Immunohistochemical data were analyzed by two-way
ANOVA followed by Bonferroni post test for comparison
between the groups. SPSS 21 version software was used for
the statistical analysis.

Results

Tissue specimens from 68 GC and 40 CRC cancer patients
and from relevant control groups were used to assess
TM9SF4 expression by IHC (19) (Table S1 for patient’s
characteristics). The results revealed that, while mild focal
staining of TM9SF4 was observed in healthy gastric tissues
with an average score of 1.1+0.74 (Figure 14), TM9SF4
expression was significantly increased in both diffuse and
intestinal GC types (Figure 1 B,C). Overall, 90% of all GC
samples were found positive with an average score close to
3 (Figure 1D). Importantly, more than 70% of the intestinal
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Figure 2 Immunohistochemical and transcript analysis of TM9SF4 expression in colon tissues. (A) preneoplastic lesion (hyperplastic polyps

and sessile serrated polyps); (B) tubular adenoma; (C) colorectal adenocarcinoma. Magnification x200. (D) Two-way ANOVA followed by

Bonferroni post test analysis of TM9SF4 THC score values of colon cancer samples at different stages of disease. **, P<0.01, ***, P<0.001

(Figure S1A). 0-1 = negative/borderline; 1 = weakly expressed; 2 = expressed; 3 = strongly positive. CTR, Healthy colon mucosa; HP,

Hyperplastic polyps; SSP, sessile serrated polyps; TVA, tubular villous adenoma; CRC, colorectal cancer.

type and 60% of diffuse type GC were found to be highly
positive for TM9SF4 expression (with a score value of
3+, Figure 1D). Statistical analysis on TM9SF4 staining
intensity scores, clearly showed a significant increase of
TMO9SF4 expression in both early and late GC (P<0.001,
two way ANOVA followed by Bonferroni post test;
Figure 1D and Figure S1A, left column).

Similarly to gastric tissues, a mild focal staining was
observed in the colon mucosa samples of the control
group (Figure 2A), while an increase of TM9SF4
expression was observed in both early and late stage CRC
(Figure 2 B,C). Positive TM9SF4 staining was observed in
85% of CRC tissue samples, with over 80% of them being
found highly positive (Score 3+) (Figure 2D and Figure SIA,
right column).

The expression of TM9SF4 was compared to CEA and
CA 19-9 in the same biopsies. With regard to CEA, while
poorly detectable in gastric mucosa of the control group
(Figure 3A), its expression increased in low grade dysplasia
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and was significantly higher in both early and advanced
intestinal and diffuse type GC (Figure 3B,C respectively).
Overall, 90% of gastric carcinomas were CEA positive, with
IHC scores between 2 and 3 (Figure 3D and Figure S1B
left). In colon, CEA was mildly expressed in control samples
(colon mucosa; Figure 3E) and, while increased, the levels
of this biomarker in both early and advanced CRC did not
significantly differ from the control (Figure 3F,G,H). No
differences of expression were observed between control
and hyperplastic polyps, or tubular villous adenomas while
CEA expression was found significantly up-regulated in
sessile serrated polyps (Figure 3H and Figure S1B right).

As far as CA 19-9 is concerned, absent or mild focal
staining was observed in the gastric mucosa of the
control group and in low grade dysplasia samples (Figure
44 and B, respectively), while its expression was found
significantly higher in advanced intestinal GC and
diffuse GC regardless disease stage (Figure 4C and D).
However, only 50% of GC samples expressed CA 19-9
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Figure 3 Immunohistochemical analysis of CEA expression in gastric and colon tissues. (A) control gastric mucosa; (B) low grade dysplasia;
(C) intestinal type gastric cancer. (E) colon tissues preneoplastic lesions (hyperplastic polyps and sessile serrated polyps); (F) tubular
adenoma; (G) colorectal adenocarcinoma samples. Magnification x200. Two-way ANOVA followed by Bonferroni post test analysis of IHC
score values of gastric (D) and colon (H) cancer samples at different stages of disease. **, P<0.01, ***, P<0.001 (Figure S1B). 0-1= negative/

borderline; 1= weakly expressed; 2 = expressed; 3= strongly positive. CEA, carcinoembryonic antigen.
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Figure 4 Immunohistochemical analysis of CA 19-9 expression in gastric and colon tissues. (A) Control gastric mucosa; (B) low grade
dysplasia; (C) intestinal type gastric cancer samples. (E) colon tissues preneoplastic lesions (hyperplastic polyps and sessile serrated polyps); (F)
tubular adenoma; (G) colorectal adenocarcinoma samples. Magnification x200. Two-way ANOVA followed by Bonferroni post test analysis
of THC score values of gastric (D) and colon (H) cancer samples at different stages of disease. *, P<0.05; **, P<0.01 (Figure S1C). 0-1 =

negative/borderline; 1 = weakly expressed; 2 = expressed; 3 = strongly positive.
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after antibody staining, with a mean score between 1
and 2 (Figure 4D and Figure S1C left). In colon samples
(Figure 4E,F,G,H), CA 19-9 expression was increased in
70% of tubular villous adenoma and early stage colorectal
carcinoma samples (Figure 4F and G, respectively) with a
mean score of about 2 but these differences did not reach
statistical significance (Figure 4H and Figure S1C right).
Hyperplastic polyps and sessile serrated polyps and late
stage CRC were also found weakly positive (Figure 4H)
while the control group was completely unstained,
indicating no CA 19-9 expression (Figure 4E).

In summary, this study shows that TM9SF4 is
significantly over-expressed in both non advanced and
advanced GC specimens and its expression levels are
comparable to CEA and higher than CA 19-9 in these
diseased tissues. Furthermore, TM9SF4 is the only
biomarker to be upregulated in non-advanced cancer
samples, providing a significant advantage over the other
two clinically adopted biomarkers.

Conclusions

Notwithstanding the discovery of several molecules as
candidate biomarkers for GC and CRC, their adoption
in the clinical setting has been limited due to their poor
performances in early detection and screening (20,21).

Limited evidence is so far available with respect to the
TMO9SF4 expression in cancer cells (11-13,22). Recently
TMO9SF4 has been identified as structurally linked to
V-ATPase assembly and activation (11) mediating thus
tumor pH alterations that are typical of all malignant cancer
cells, and are integral part of a general metabolic switch
described under the term of “Warburg Effect” (23).

In the present study, we investigated the expression
of TM9SF4 and its potential as a novel tumor marker in
gastric and colon cancers. To the best of our knowledge, this
is the first study that describes the expression of TM9SF4 in
normal gastric and colon tissue, as well as in premalignant
lesions and GC and CRC. THC assessment of TM9SF4
in subjects with CRC and GC compared to healthy
surrounding tissue and pre-neoplastic lesions revealed
highly specific staining of tumor tissue in both advanced
and non-advanced disease, with none or little expression
in healthy or dysplastic tissues. Compared with CEA and
CA 19-9 markers, TM9SF4 shows higher sensitivity and
specificity to identify GC and CRC cases in IHC.

While all three markers are significantly upregulated in
both cancer types with respect to healthy mucosa, TM9SF4
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was the only one to be significantly upregulated, with a
mean score of nearly 3+, in 90% of both cancer types, and
the level of expression significantly correlated with disease
stage, while absent or poorly detectable in dysplastic control
tissues. Since the promoter of TM9SF4 gene contains
one highly conserved hypoxic-responsive element it is
tempting to speculate that hypoxia of cancer tissue may, at
least in part, modulate TM9SF4 expression during disease
progression (13).

Correlation between TM9SF4 expression and disease
progression is consistent with recent reports suggesting
the interaction of TM9SF4 with the V-ATPase, a proton
pump highly expressed in GC and CRC cancer (11,24);
the TM9SF4/V-ATPase association aberrantly activates
V-ATPase that plays a key role in tumor invasion and
metastasis by activating several types of proteases
including cathepsins, metalloproteases, and gelatinases that
degenerate extracellular matrix (16,25).

In conclusion, our data strongly support the potential
of TM9SF4 as a new tumor marker for the early diagnosis
of GIC, providing the basis for improved screening and
classification approaches. Further studies on extended
patient cohorts, additional tumor types and sample types
(e.g., tissue, plasma serum) are warranted to fully assess
the potential of this protein as cancer marker for early
diagnostic and prognostic purposes.
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