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Exosomes are small membrane vesicles that have important roles in transporting a great variety of bioactive
molecules between epithelial compartment and their microenvironment during tumor formation including
colorectal adenoma–carcinoma sequence. We tested the mRNA expression of the top 25 exosome-related
markers based on ExoCharta database in healthy (n= 49), adenoma (n= 49) and colorectal carcinoma (n= 49)
patients using Affymetrix HGU133 Plus2.0 microarrays. Most related genes showed significantly elevated
expression including PGK1, PKM, ANXA5, ENO1, HSP90AB1 and MSN during adenoma–carcinoma sequence.
Surprisingly, the expression of ALIX (ALG 2-interacting protein X), involved in multivesicular body (MVB) and
exosome formation, was significantly reduced in normal vs adenoma (P= 5.02 ×10− 13) and in normal vs
colorectal carcinoma comparisons (P= 1.51 × 10− 10). ALIX also showed significant reduction (Po0.05) at the
in situ protein level in the epithelial compartment of adenoma (n= 35) and colorectal carcinoma (n= 37) patients
compared with 27 healthy individuals. Furthermore, significantly reduced ALIX protein levels were accompanied
by their gradual transition from diffuse cytoplasmic expression to granular signals, which fell into the 0.6–2 μm
diameter size range of MVBs. These ALIX-positive particles were seen in the tumor nests, including tumor–
stroma border, which suggest their exosome function. MVB-like structures were also detected in tumor
microenvironment including α-smooth muscle actin-positive stromal cells, budding off cancer cells in the tumor
front as well as in cancer cells entrapped within lymphoid vessels. In conclusion, we determined the top
aberrantly expressed exosome-associated markers and revealed the transition of diffuse ALIX protein signals
into a MVB-like pattern during adenoma–carcinoma sequence. These tumor-associated particles seen both in the
carcinoma and the surrounding microenvironment can potentially mediate epithelial–stromal interactions
involved in the regulation of tumor growth, metastatic invasion and therapy response.
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Exosomes are small (~30–100 nm in diameter),
membrane vesicle-like structures, which transport
complex information between cells mainly asso-
ciated with pathological conditions including
human carcinomas.1,2 These powerful intercellular
regulators originate from endosomal, internal vesi-
cles of large multivesicular bodies (MVBs).3,4

Although several details of exosome genesis remains
unknown, its key molecular complexes were identi-
fied, such as endosomal sorting complex required for
transport (ESCRT) machinery, which is involved in
MVB biogenesis and sorting.5,6 After fusion with the
plasma membrane, MVBs release their content into
the extracellular compartment as exosomes.3,4 Exo-
some release is mainly studied in tumor cell
cultures. Regarding to colorectal carcinoma, the vast
majority of examined in vitro models (eg, HT-29,
SW480 and HCT-116 cultures)7–9 contain heteroge-
neous population of partially differentiated cells (ie,
low expression of CD133 and CD44 stem cell
markers).10–13 The role of colorectal carcinoma
cells with stem cell characteristics, for example,
high CD133, CD44 and Musashi1 expression,14 in
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exosome releasing has not been analyzed in
colorectal carcinoma cell cultures and particularly
in situ at tissue level.

As paracrine mediators, the tumor cell-released
exosomes may influence the behavior of adjacent
cells by delivering oncogenic proteins (eg, KRAS)
and receptors (eg, epidermal growth factor receptor
variant III), as well as receptor ligands (eg, transform-
ing growth factor-β) and epigenetic regulators, such
as microRNAs.15,16 This process also has an impor-
tant role in developing tumor chemoresistance and
interfering with the tumor microenvironment by
modifying stromal cell functions, such as neovascu-
larization, immunosuppression, tumor cell invasion
(eg, epithelial to mesenchymal transition) and
transition of stromal cells to carcinoma-associated
fibroblasts (CAFs).1,6,17,18 CAFs as key factors of
abnormal epithelial–stromal interaction and their
powerful tumor-supportive effect (eg, increased
regulator ligand and extracellular matrix molecule
expression) are well known compared with normal
stromal cells with similar morphology, that is,
subepithelial myofibroblasts.18–20 Tumor cell-
released exosomes are also detectable in the circula-
tion where the plasma level of their specific
proteins (eg, CD63 and tumor susceptibility gene
101/TSG101) and miRNA content may be useful as
diagnostic and/or prognostic markers in different
tumor types including colorectal carcinomas.21–24

Our study was designed to analyze the top
exosome-specific markers based on change of their
tissue mRNA level during colorectal adenoma–
carcinoma sequence. For testing exosomes at the
in situ protein level, we selected the ALG
2-interacting protein X (ALIX; also known as
programmed cell death 6-interacting protein
(PDCD6IP)), a multifunctional protein, which is
involved in biogenesis of MVBs (as ESCRT I–III
binding protein), lysosomal degradation and accu-
mulates in exosomes.3,25–27 ALIX has been tested
widely in exosome studies of colorectal carcinoma
cell cultures9,28 and has shown diagnostic and
prognostic significance in different tumors.29–31
Besides testing the transcript levels, here we deter-
mined ALIX protein expression in situ in the
epithelial and stromal compartment including α-
smooth muscle actin (SMA)-positive cells in
low- and high-grade dysplastic adenomas as well as
non-metastatic andmetastatic (both lymph node and
distant) colorectal carcinomas with particular focus
on individual Musashi1-positive cancer stem cells at
the tumor front.

Materials and methods

In Silico mRNA Expression Analysis of Exosome
Markers

Biopsy samples taken for mRNA expression micro-
array experiments were stabilized in RNALater

Reagent (Qiagen, Germantown, MD, USA) and stored
at − 80 °C until use. Parallel surgical and biopsy
samples were routinely fixed in 4% formaldehyde
and embedded in paraffin wax for histopathology.
Diagnoses were based on the WHO criteria32 using
H&E-stained slides, which were also used for
selecting representative areas into tissue microarray
blocks. mRNA expression of the top 25 exosome
markers (according to the Exocarta database; http://
exocarta.org/exosome_markers) was analyzed using
Affymetrix HGU133 Plus2.0 whole transcriptome
data of 147 colorectal biopsy samples (containing
both epithelial and stromal compartments) from 49
healthy, 49 adenoma, including 25 low-grade (mean
age at diagnosis: 66 ±13 years, 12f/13m) and 24 high-
grade adenoma (mean age: 70 ±12 years, 13f/11m)
and 49 colorectal carcinoma (including 24 non-
metastatic (Dukes A and B, mean age: 70 ± 10 years,
15f/9m) and 25metastatic (Dukes C and D, mean age:
66 ±12 years, 12f/13m)) patients (according to
Astler-Coller-modified Dukes’ classification) pre-
viously hybridized by our research group (GEO
serial accession numbers: GSE37364,33 GSE1071434
and GSE4183;35 Supplementary Table 1). Detailed
patients data were described previously.33–35 For
confirmation of exosome marker mRNA expression
results revealed from our microarray data originate
from all stages of colorectal adenoma–carcinoma
sequence, four additional GEO data sets were also
involved in the analysis, three of them includes
HGU133 Plus2.0 microarray data of colorectal
carcinoma (n=99) and normal/normal adjacent
tissue (NAT) (n=39) tissue samples (GSE18105,36
GSE410737 and GSE934838) and one of them with
HGU133 Plus2.0 microarray data of adenoma (n=32)
and normal/NAT (n=32) biopsy samples (GSE8671)39
(Supplementary Table 1).

Immunohistochemistry

Immunohistochemistry was performed on healthy
(n=27), adenoma (n=35), including 13 low-grade
(mean age at histology examination: 68 ±14; 7f/6m)
and 22 high-grade (mean age: 61 ± 12 years; 14f/8m)
dysplasia (according to the description of Fleming
et al40) as well as non-metastatic (n=12; including 3
Dukes A and 9 Dukes B, mean age: 61± 5 years;
2f/10m) and metastatic (n=25; included 14 Dukes C
and 11 Dukes D, mean age: 62 ±7 years; 9f/16m)
colorectal carcinoma samples. Written informed
consent was provided by all patients. The study
was approved by the local ethics committee (Sem-
melweis University Regional and Institutional Com-
mittee of Science and Research Ethics; Nr.: ETT
TUKEB 23970/2011 and 8-23/2009-1018EKU(ad.60/
PI/09)). We used anti-ALIX (HPA011905, Sigma-
Aldrich, St Louis, USA; 1:400) monoclonal antibody
(labeled with Alexa Fluor 546, A11035, Invitrogen,
Eugene, CA, USA) for immunohistochemical detec-
tion of exosomes. Anti-cytokeratin (CK; AE1/AE3,
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Dako, Glostrup, Denmark; 1:100) and anti-Musashi1
(EP1302, Abcam, Cambridge, USA; 1:100, both
antibodies were labeled with Alexa Fluor 488,
Invitrogen) were used for identification of epithelial
and stem cells, respectively. Antibody for Ki-67
(MIB-1, M7240, Dako; 1:150, labeled with Alexa
Fluor 488) was used to examine the cell prolifera-
tion. We identified lymphatic vessel cells using
antibody to podoplanin (PDPN; D2-40, M3619, Dako;
1:200, labeled with Alexa Fluor 488) and the stromal
myofibroblast and CAFs using anti-α-SMA (1A4,
Dako, CA, USA; 1:1, labeled with Alexa Fluor 488).
H&E and immunohistochemistry slides were digi-
tally archived using Pannoramic 250 Flash II (with
Zeiss Plan-Apochromat 20x objective; 3DHISTECH,
Hungary, Budapest) and Pannoramic Confocal (with
Zeiss C-Apochromat 63x objective; 3DHISTECH)
digital scanners. Owing to the discrete Musashi1
expression, in the case of ALIX/Musashi1 double
staining, we used two step staining and double
digitalization as described previously.41 The digital
slides were analyzed with a Pannoramic Viewer (v:
1.15.3, 3DHISTECH) digital microscope. Areas of
interest were selected on the basis of morphology
analyses of H&E-stained tissue microarray slides,
then immunohistochemistry results were assessed
on parallel slides. The percentage of cells with
granular ALIX expression (PCGE) was determined
by counting 800–1300 cells both in the epithelial and
stromal compartments (including at least 80 α-SMA-
positive cells in subepithelial region) in five repre-
sentative core/groups with the Marker Counter
module of the Pannoramic Viewer program. ALIX
expression was validated in epithelial/tumor and in
stromal cells with the modified Q-score method, that
is, multiplying the percentage of the area of positive
particles (P) in the cytoplasm of epithelial/carcinoma
and stromal cells by the intensity (I; 0,+1,+2,+3);
Formula: Q=P x I; maximum: 300 (+3 x 100).42
Three-dimensional (3D) reconstruction was created
based on the combination of nine Z-axial confocal
layers (0.4 μm intervals) applying 3DView software
(v: 2.2.0; 3DHISTECH).

Statistical Analysis

Preprocessing of in silico gene expression microarray
analysis was performed using Guanine Cytosine
Robust Multi-array Average (GCRMA) method
(including quantile normalization). In case of pair-
wise comparisons, the differentially expressed genes
were determined using paired Student's t-test with
Benjamini and Hochberg correction. For LogFC
calculation, differences between the group averages
were considered. When more than two sample
groups were compared, ANOVA and Tukey's honest
significant difference post tests were applied for
statistical analysis.

In case of protein expression—because of their
non-normal distribution—Kruskal–Wallis test and

post-analysis test were applied where pairwise
comparison of the different subgroups were
performed according to Conover.43 Statistically
significant states were considered at Po0.05.
Boxplots were constructed for visualization. Statis-
tical analyses were performed under R 3.2.1.
environment.44

Results

Diminished ALIX Exosome Marker mRNA Expression
in Pre-Neoplastic and Cancerous Colorectal Biopsy
Samples

Twenty from the studied top 25 exosome markers
(according to the ExoCarta data) showed signifi-
cantly differential mRNA expression in adenoma
and colorectal carcinoma tissue compared with
normal biopsy samples (Po0.05), seven with abso-
lute value of logFC higher than 0.5.

Most increased expression of PGK1, PKM, ANXA5,
ENO1, HSP90AB1 and MSN mRNAs was detected in
colorectal carcinoma compared with healthy normal
samples, whereas PKM, HSP90AB1, ANXA2, MSN,
EEF1A1 and ENO1 were found to be upregulated in
adenoma vs normal comparison (Table 1). ALIX
(PDCD6IP) showed the most significant downregula-
tion in low- and high-grade dysplastic adenomas, as
well as non-metastatic and metastatic colorectal
carcinoma samples according to both Affymetrix
IDs (217746_s_at and 222394_at) representing ALIX
transcripts (Figure 1).

Beside significant upregulation of PGK1, PKM,
ENO1, HSP90AB1 and MSN exosome marker genes,
downregulation of ALIX (PDCD6IP) mRNA in color-
ectal carcinoma samples compared with normal
tissue was confirmed on HGU133 Plus2.0 microarray
data sets of others as well.36–39 In adenoma vs normal
comparison, results of GSE8671 data set completely
supported the exosome marker mRNA level altera-
tions revealed in analysis of our microarray data sets
(Supplementary Table 2).

Altered ALIX Protein Expression in Epithelial
Compartment During Colorectal Adenoma–Carcinoma
Sequence

Based on mRNA expression results, we examined
the protein expression pattern of ALIX in all
histological groups of the adenoma–carcinoma
sequence in the cytokeratin (CK)-positive epithelial
and carcinoma compartment (white arrowheads in
Figure 2). Strong ALIX expression (Q-score:
232.22 ±16.01; Figure 2b) with diffuse cytoplasmic
expression pattern (percentage of cells with granular
expression: 2.18 ±0.41) was observed in normal
epithelium. Low-grade adenomas with mild dyspla-
sia (ie, polarized, moderately enlarged and elongated
nuclei, single-cell layer or mild pseudostratification,
retained cytoplasmic mucin) showed a similar
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Table 1 Most differentially expressed exosome markers (mRNAs) in colorectal carcinoma and adenoma biopsy samples

Our microarray data sets (GSE37364, GSE10714, GSE4183)

Gene symbol Gene name Affymetrix ID

CRC vs N

P-value LogFC

PGK1 Phosphoglycerate kinase 1 1558365_at 1.08×10−5 0.96
200737_at 5.67×10−11 0.87
217356_s_at 1.87×10−11 0.72
227068_at 7.56×10−7 0.59

PKM Pyruvate kinase, muscle 201251_at 7.54×10−12 0.90
ANXA5 Annexin A5 200782_at 2.09×10−12 0.79
ENO1 Enolase 1, (alpha) 217294_s_at 1.71×10−7 0.77

201231_s_at 5.10×10−10 0.63
HSP90AB1 Heat shock protein 90 kDa alpha (cytosolic), class B member 1 1557910_at 6.67×10−5 0.73

214359_s_at 2.85×10−10 0.72
200064_at 4.79×10−11 0.65

ALIX (PDCD6IP) Programmed cell death 6-interacting protein 217746_s_at 1.51×10−10 −0.57
222394_at 3.71×10−5 −0.43

MSN Moesin 200600_at 2.22×10−4 0.53

Gene symbol Gene name Affymetrix ID

AD vs N

P-value LogFC

PKM Pyruvate kinase, muscle 201251_at 4.55×10−14 0.88
HSP90AB1 Heat shock protein 90 kDa alpha (cytosolic), class B member 1 1557910_at 8.71×10−7 0.80

214359_s_at 7.26×10−14 0.71
200064_at 1.92×10−17 0.67

ANXA2 Annexin A2 201077_s_at 1.94×10−23 0.65
MSN Moesin 200600_at 7.74×10−6 −0.61
EEF1A1 Eukaryotic translation elongation factor 1 alpha 1 227708_at 2.32×10−5 0.56
ENO1 Enolase 1, (alpha) 217294_s_at 2.20×10−4 0.55

201231_s_at 1.02×10−10 0.52
ALIX (PDCD6IP) Programmed cell death 6-interacting protein 217746_s_at 5.02×10−13 −0.54

222394_at 7.10×10−3 −0.23

The table contains exosome markers from the top 25 ExoCarta set, which were significantly different between colorectal carcinoma and normal
(CRC vs N) and between adenoma and normal (Ad vs N) biopsy samples, respectively, according to the mRNA expression data of our previous
Affymetrix HGU133 Plus2.0 microarray experiments (GEO accession numbers: GSE37364, GSE10174 and GSE4183). Significantly differentially
expressed genes (Po0.05) with40.5 or o -0.5 logFC values on at least one Affymetrix ID are represented. Expression data (P value, LogFc) of ALIX
is marked with bold.

Figure 1 ALIX mRNA expression during the colorectal adenoma–carcinoma sequence according to the normalized HGU133 Plus2.0
microarray expression values of 217746_s_at (a) and 222394_at (b) Affymetrix IDs representing ALIX transcripts. (The * denotes
statistically significant differences (Po0.01) between groups). HgAD, high-grade dysplastic adenoma; LgAD, low-grade dysplastic
adenoma; MetCRC, metastatic colorectal carcinoma; N, normal; NmetCRC, non-metastatic colorectal carcinoma.

Modern Pathology (2016) 29, 928–938

ALIX in colorectal carcinoma formation

G Valcz et al 931



Figure 2 ALIX (red fluorescent staining) co-expression with CK and Ki-67 (both molecules were labeled with green fluorescent staining) in
the normal (b, c), adenoma with low-grade (LgAD; e, f) and high-grade (HgAD; h, i) dysplasia, as well as in non-metastatic (NmetCRC; k, l)
and metastatic colorectal cancers (MetCRC: n, o). The white arrowheads show the epithelial, whereas the yellow arrowheads show the
stromal compartments. The correspondent H&E staining of b, e, h, k and n figures are depicted in a, d, g, j and m pictures. x40
magnification; scale bar: 50 μm. Digital microscopic images.
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pattern, but decreased (mainly moderate) protein
expression compared with normal cells (Figure 2e).
Our definite low-grade (ie, prominent pseudo-
stratification and mucin depletion) and high-grade
adenomas (Figure 2h) showed mild diffuse
and moderate/strong granular, MVB-like epithelial
ALIX expression (Q-scores: 142.85 ± 16.37 and
143.63 ± 14.65; percentages of cells with granular
expression: 43.68± 31.68 and 56.78 ±13.40, respec-
tively). In adenoma cases, ALIX expression showed a
heterogeneous pattern in neighboring glands
(Supplementary Figure 1/A) and even in the epithe-
lium of the same gland (Supplementary Figure 1/B).
ALIX expression showed strong granular pattern
in the carcinoma compartment of non-metastatic
(Q-score: 145.86 ± 21.08; percentage of cells with
granular expression: 89.98 ±10.73; Figure 2k) and
metastatic (Q-score: 143.20 ±15.73; percentage
of cells with granular expression: 99.52 ±0.59;
Figure 2n) colorectal carcinoma samples. The
Q-scores and percentage of cells with granular
expression values of epithelial compartment are
indicated in Figures 3a and b.

Owing to challenging exosome detection in small-
sized intercellular compartment in colonic tissues, we
identified ALIX-positive particles at the cancer cell–
stroma border where these structures mainly belong
to the cancer cells (Figure 4a). They showed partial
overlap with cytoplasmic CK staining (Figure 4b)
from which some ALIX particles were budding off in
3D reconstruction (Figure 4c), others were also seen in
adjacent or in stromal cells (Figures 4d and e).

Stromal ALIX Protein Expression in Adenomas and
Colorectal Carcinomas

We observed significant (Po0.05) differences in
stromal ALIX expression among the normal, adenoma
and colorectal carcinoma samples (Figure 3c). We
found a low degree of diffuse stromal ALIX expression
in normal samples (Q-score: 43.70±12.75; percent-
age of cells with granular expression: 7.36±1.49;
Figure 2b), primarily in the cytoplasm of immune cells.
Higher ALIX expression with an increased appearance
of granular expression pattern was detected in the

Figure 3 Expression change (Q-score) of ALIX exosome marker and percentage of cells with granular expression (PCGE) in epithelial (a, b)
and stromal (c, d) component in different histological stages of colorectal adenoma–carcinoma sequence (The * denotes statistically
significant differences (Po0.05) between groups).
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stroma of low-grade (Q-score: 66.00±23.23; percentage
of cells with granular expression: 19.50±10.93;
Figure 2e) and high-grade adenomas (Q-score: 64.09±
19.18; percentage of cells with granular expression:
23.00±11.31; Figure 2h). Stroma of both non-
metastatic (Q-score: 119.16±28.10; percentage of cells
with granular expression: 61.96±20.98; Figure 2k) and
metastatic (Q-score: 122.40±40.13; percentage of cells
with granular expression: 79.48±15.6; Figure 2n)
carcinomas showed strong granular exosome marker
expression.

Among stromal cells, normal myofibroblasts
showed low, diffuse ALIX expression (Figure 5a),
granular protein expression was not detectable in
these cells. In adenomas, α-SMA-positive cells
typically showed low diffuse protein expression
(Figure 5b), but granular pattern was detectable in
some myofibroblasts (percentages of cells with
granular expression were 8.08± 5.63 in LgAD and
8.32± 3.69 in HgAD). High percentage of CAFs were
detected with low diffuse and strong granular ALIX
expression in non-metastatic (percentage of cells
with granular expression: 89.76 ±5.11) and meta-
static (percentage of cells with granular expression:
90.54 ±4.98) colorectal carcinomas (Figure 5c).

The ALIX-positive particles were bigger (approxi-
mately 0.6–2 μm in diameter) than the size of
exosomes (30–100 nm in diameter)1 both in carci-
noma and stromal cells (Supplementary Figures 1/C
and D). Q-scores and percentage of cells with
granular expression (PCGE) values for stromal
compartment of normal, adenoma and carcinoma
tissues were indicated in Figures 3c and d.

The Origin and Localization of ALIX-Positive Cells

Neither diffuse nor granular ALIX expression
was limited to the Ki-67-positive cells; these also
occurred in the non-proliferative cells during colo-
rectal adenoma–carcinoma sequence (Figures 2c, f, i,
l and o). Similarly to the observation of Nishimura
et al,45 we found both nuclear and cytoplasmic
Musashi1 expression in epithelial and epithelial-
origin colorectal carcinoma cells. In the tumor front
of metastatic colorectal carcinoma samples, granular
ALIX expression was detected in the cytoplasm of
individual, CK-positive (Figure 5d) and Musashi1-
positive (Figure 5e) cancer cells or/and cancer stem
cells. ALIX-positive particles were also detected in

Figure 4 Confocal microscopy images from ALIX-positive (red fluorescent staining) MVB-like structures (white arrows) in carcinoma
cell–stromal border ((a, b); x360 magnification, scale bar: 5 μm, (c): 3D reconstruction of this area; CK: green fluorescent staining) and
adjacent area to carcinoma cells ((d, e); x190 magnification, scale bar: 10 μm).
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cancer cells in the lumen of larger podoplanin-
positive lymphatic vessels (Figure 5f).

Discussion

Abnormal intercellular communication between
tumor cells and their supportive microenvironment
has a fundamental role in the formation and growth
of different tumor types including colorectal
carcinomas.46–49 As an important part of this
process, we found the steady elevation of most of
the top exosome-associated genes during colorectal
adenoma–carcinoma sequence, some of which
had been examined before as secreted proteins
(ie, HSP90, PGK1 and ENO1) in colorectal carcinoma
cell cultures.50,51 Few of the tested markers showed
decreasing transcript levels including ALIX, which
was one of the most widely examined exosome
markers in cancer development.29,30,52,53 Our gene
expression data correlated well with those gained
from independent databases,36–39 showing similarly
reduced ALIX mRNA levels during adenoma–carci-
noma sequence, which was also validated at the

in situ protein level. Similar alterations between
whole biopsy mRNA and protein level in epithelial
compartment suggest that the majority of ALIX
originated from these components. Reduced global
ALIX expression in colorectal carcinoma compared
with normal colon epithelia was accompanied by the
gradual transition of the protein expression pattern
from diffuse to granular and may be associated with
epigenetic suppression of gene activity within 3p22
chromosome region.54 Strong, diffuse expression of
ALIX in the normal colonic epithelium (especially in
the goblet cells) may also contribute to other
epithelial functions besides its regulatory function
in exosome biogenesis. In pre-neoplastic lesions, the
heterogeneous appearance of diffuse to granular
transition potentially reflects early signs of tumor
development. In colorectal carcinoma samples,
reduced diffuse and increased granular ALIX expres-
sion levels were detected both in tumor and stromal
compartment. We found morphological and size
similarity between the expression pattern of ALIX
(in our adenoma and colorectal carcinoma samples)
with TSG101 (involved in MVB and exosome
formation, an interaction partner of ALIX) and

Figure 5 (a, b) Low diffuse ALIX (red fluorescent staining) expression in myofibroblasts (yellow arrows) of normal and adenoma samples.
(c) Granular, MVB-like protein expression (white arrows) in CAFs (yellow arrow; α-SMA: green fluorescent staining, x170 magnification,
scale bar: 10 μm). (d) ALIX expression in individual, CK-positive (epithelial-origin; green fluorescent staining) budding tumor cells.
(e) Granular ALIX (white arrowheads) and discrete cytoplasmic Musashi1-positivity (green fluorescent staining; yellow arrowheads) in
individual cells (potential cancer stem cells) of in tumor stroma ((a, b) x200 magnification, scale bar: 10 μm). (f) Granular ALIX expression
of tumor cell cluster in the lumen of podoplanin-positive (green fluorescent staining) lymphatic vessel (white arrows; immunohis-
tochemistry and H&E staining, x15 magnification, scale bar: 50 μm). Digital microscopic images.
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CD63 molecules in in vitro and in vivo models of
others.55–58 Based on the relatively large (approxi-
mately 0.6–2 μm) diameter (knowing the inaccuracy
deriving from fluorescent measurement)59 and mole-
cular composition of these particles they may
designate MVBs including intracytoplasmic
clusters of exosomes. These structures were also
detectable on cancer–stroma border and adjacent
carcinoma cells, which suggest that they have a role
in cell–cell communication via elevated exosomal
function. Similarly, granular ALIX expression
pattern and release of ALIX-positive exosomes were
described in prostate and breast cancer stem cell
cultures.60 Frequent appearance of granular ALIX
expression in tumor microenvironment involving
CAFs may refer to an increased cell–cell commu-
nication with potential clinicopathological impor-
tance)15,61–64 and may result the increased exosome
level in plasma of colorectal carcinoma patients
compared with normal persons.21 Excessive
ALIX expression of individual cells in the stromal
components and lumen of lymphatic vessels may
become important indicator of the metastatic poten-
tial as these cells are essential in establishing a
local and/or distant pre-metastatic microenviron-
ment.8,21,65

In conclusion, here we identified the differential
mRNA expression of the top exosome-related mar-
kers during colorectal carcinoma formation. Further-
more, we visualized in situ the potential exosome
formation through detecting ALIX-positive MVB-like
structures both in the epithelial and stromal com-
partments during adenoma–carcinoma sequence.
These structures can be the substrates of exosome-
based communication progressively developing from
pre-neoplastic lesions to colorectal carcinoma
transition. Our results may serve useful clues to
understanding interactions between cancer and the
surrounding microenvironment that may affect
the regulation of tumor growth, metastatic invasion,
as well as therapy response.
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