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Abstract. The aim of this study was to identify novel and 
reliable serum markers related to the prognosis of colorectal 
cancer (CRC) patients and to assess the association between 
selected markers and clinical outcome. We performed experi-
ments using cytokine arrays to investigate the cytokine profiles 
in serum from stage IV CRC patients, compared with those 
of stage I patients. Serum CXCL10 was measured using an 
ELISA in 218 CRC patients and 17 normal volunteers to clarify 
the association of CXCL10 with clinical outcome. The mean 
serum CXCL10 concentration in CRC patients was signifi-
cantly higher compared to that in normal volunteers. Serum 
CXCL10 levels increased significantly in accordance with the 
progression of UICC stage classification. Serum CXCL10 was 
significantly associated with high pathological T stage, the 
presence of vascular invasion and distant metastasis. Elevated 
serum CXCL10 levels were significantly associated with poor 
survival in all stages or in stage I-III with curative patients, 
respectively, and were an independent marker in predicting 
liver metastasis. Immunohistochemical analysis showed that 
CXCL10 was expressed in cancer cells at primary tumor and 
liver metastases sites, and in normal liver tissue surrounding 
metastatic cancer cells. Comprehensive analysis using cytokine 
arrays identified the novel serum prognosis marker CXCL10. 
Preoperative high serum levels of CXCL10 were associated 
with poor prognosis and liver metastasis in CRC.

Introduction

Colorectal cancer (CRC) is the third most common cancer in 
the world and the fourth most common cause of cancer related 
death (1). Survival rates of patients with CRC have increased 
in the past few years, possibly as a result of early diagnosis and 
improved treatment. However, approximately 60% of patients 

who undergo curative resection experience local recurrence 
or distant metastases (2,3). Patients with local recurrence or 
distant metastases usually receive chemotherapy in combina-
tion with monoclonal antibody therapy, and the median overall 
survival time is around 20-21 months, with a response rate of 
around 50% (4). However, almost half the patients experience 
treatment-related side effects, such as diarrhea, mouth irritation, 
and low white blood cell count, with no therapeutic benefit. The 
identification of CRC patients at high risk of metastasis would 
thus aid in the selection of appropriate candidates for standard 
or intense adjuvant therapy.

In general, serum tumor markers can be an easy-to-use 
approach for the detection of cancer, and carcinoembryonic 
antigen (CEA) is the marker most frequently evaluated as a 
predictor of prognosis in patients with CRC. However, serum 
CEA levels do not correlate with the presence of metastasis, 
and the incidences of false-positive and false-negative results 
are high (5,6). We therefore, attempted to identify novel and 
reliable serum markers for prognosis and distant metastasis 
using a human cytokine antibody array capable of analyzing 
174 cytokines in human serum. By comparing serum cytokine 
expression in serum between patients with stage IV and stage I 
CRC, we found that CXC chemokine ligand 10 (CXCL10) was 
markedly upregulated in stage IV patients.

Chemokines are a large family of small chemotactic 
cytokines with four conserved cysteines linked by disulfide 
bonds. Two subfamilies, the CC and CXC chemokines, can be 
distinguished according to the position of the first two cysteine 
residues, which are either adjacent to each other or separated by 
one amino acid. CXC chemokines are important for enhancing 
immunity, regulating angiogenesis, and mediating tumor cell 
metastases (7). CXCL10, human interferon-inducible protein 10 
(IP-10), acts through putative receptor CXC receptor 3 (CXCR3), 
and functions as a major chemoattractant for activated T cells 
and natural killer cells (8-10). Recently, numerous studies into 
the role of CXCL10 in malignancy have shown two tumor 
inhibiting properties that influence cells in the tumor micro-
environment (11). One property is the recruitment into tumor 
sites of CXCR3-expressing mononuclear cells with antitumor 
activity and the other is antagonizing the effects of powerful 
angiogenic factors (8-12).

Although the antimalignancy activities of local CXCL10 
expression were determined in several tumor systems, only a 
limited number of studies, primarily murine models, analyzed 
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the role of CXCL10 in CRC (13-17). Moreover, we believe that 
the clinicopathological significance of CXCL10 has not been 
fully studied in clinical serum samples of CRC. Thus, in this 
retrospective study, we investigated CXCL10 expression in 
preoperative serum samples from CRC patients to determine 
any clinicopathological and prognostic significance.

Materials and methods

Cytokine array analysis of patient serum. Preoperative serum 
was collected from five patients with stage IV or stage I CRC 
who underwent resection at our institution between January 
1996 and January 2009. Sera from patients with the same stage 
tumors were mixed, and 174 cytokines were analyzed using a 
human cytokine antibody array (G Series 2000, RayBiotech, 
Norcross, GA, USA), according to the manufacturer's instruc-
tions. Briefly, blocking buffer was added into each well of the 
microarray glass slides for 30 min. Samples (100 µl per well) 
were added and incubated at room temperature for 2 h. The 
slides were washed in washing buffer and incubated with a 
biotin-conjugated cocktail of antibodies at room temperature for 
2 h. After further washing, slides were incubated with 1:1,500 
diluted fluorescent dye-conjugated streptavidin at room temper-
ature in darkness for 2 h. Fluorescent signal was detected using 
a confocal laser scanner (HB GeneArray Scanner, Affymetrix) 
and analyzed using the RayBio Antibody Array Analysis tool 
(RayBiotech). 

Patients and sample collection. A total of 218 consecutive 
patients (145 men and 73 women; mean age 64.7 years; age 
range 12-88 years) who underwent resection of CRC at our insti-
tution between January 1996 and January 2009, and for whom 
preoperative serum could be collected, were enrolled in this 
retrospective study. No preoperative mortality was observed 
among the patients. Patients with inflammatory diseases, 
including infectious or collagen diseases, were excluded from 
the study. All patients were classified according to UICC stage 
classifications using resected specimens. There were 47 patients 
with stage I disease, 57 patients with stage II disease and 
59 patients with stage III disease. Fifty-five patients with distant 
metastases were classified as having stage IV disease. The 
median follow-up time was 48 months (range 2-107 months). 
The control group consisted of 20 age- and gender-matched 
healthy volunteers. The absence of disease was assessed on 
the basis of clinical history, physical examination, and routine 
laboratory tests, including liver and renal function tests.

Blood samples were obtained by venipuncture before 
surgery. Each sample was centrifuged at 3,000 g for 5 min and 
then frozen at -80˚C until analysis. Written informed consent 
for the use of the samples in future experiments was obtained 
from all participants before serum collection. All investigations 
were performed in accordance with the Helsinki Declaration 
and were approved by our Institutional Review Board.

Determination of serum CXCL10 level in CRC patients and 
normal volunteers. Serum CXCL10 levels were determined using 
an enzyme-linked immunosorbent assay (ELISA) kit (Human 
IP-10 ELISA kit, Invitrogen, Carlsbad, CA), according to the 
manufacturer's instructions. Samples (50 µl) were incubated in 
microtiter plates pre-coated with a polyclonal antibody specific 

for CXCL10. After incubation at room temperature for 2 h and 
washing, CXCL10 conjugate was added. The substrate solution 
was added after a further 2-h incubation at room temperature 
and washing. Color development was stopped after 30 min at 
room temperature, and the intensity was read at 450 nm within 
30 min. Results were calculated from a standard curve (recom-
binant human CXCL10; range 7.8-500 ng/ml) generated from a 
four-parameter logistic curve fit. 

Immunohistochemical analysis of CXCL10 in primary and 
metastatic CRC sites. Formalin-fixed, paraffin-embedded speci-
mens were cut into 2-µm-thick sections. After deparaffinization 
and dehydration, antigen unmasking was performed by boiling 
in 10 mM sodium citrate buffer. Specimens were then blocked 
and incubated with primary antibody overnight at 4˚C. The anti-
body was detected using Envision reagents (Envision kit/HRP, 
Dako Cytomation, Denmark). All sections were counterstained 
with hematoxylin. Primary anti-CXCL10 goat polyclonal anti-
body (clone AF976, R&D Systems, MN, USA) and anti-CXCR3 
rabbit polyclonal antibody (clone ab8023, Abcam, Cambridge, 
UK) at a dilution of 1:25 were used for the labeled streptavidin-
biotin method (LASB2 kit/HRP, Dako Cytomation). Negative 
controls using preimmune immunoglobulin were run simulta-
neously.

Statistical analyses. Data are expressed as median values (inter-
quartile range) in tables, or as means ± standard error (SE) in 
figures. Comparisons were performed using the non-parametric 
Mann-Whitney U-test for continuous variables. Analyses of 
non-parametric receiver operating characteristics (ROC) were 
performed, using JMP 7 for Windows software (SAS Institute, 
Cary, NC), to calculate the cut-off values, according to the 
most accurate value obtained in all CRC patients. Survival 
probabilities were calculated using the product limit of the 
Kaplan-Meier method, considering treatment- and CRC-related 
deaths. Differences between two groups were determined using 
the log-rank test. Logistic regression analysis was used to eval-
uate the independent influence of factors on liver metastasis. 
All statistical analyses were carried out using StatView 5.0 for 
Windows (SAS Institute, Inc.). Two-tailed p-values <0.05 were 
considered statistically significant.

Results

Elevated serum cytokine profiles in stage IV CRC patients. We 
initially performed cytokine array analysis to investigate the 
cytokine profiles in serum from stage IV CRC patients (n=5), 
compared with those of stage I patients (Fig. 1a). Seven cyto-
kines (CXCL10, IL-15, ENA-78, IL-18 Bpα, CXCL16, TGF-β1, 
MCP-4) were elevated 2-fold in stage IV CRC serum samples 
compared with stage I samples (Fig. 1b). Serum CXCL10 was 
elevated 2.2-fold in stage IV CRC serum samples compared 
with stage I CRC serum samples.

Associations between serum CXCL10 and clinicopathological 
findings in CRC patients. Cytokine array analysis identified 
serum CXCL10 levels to be significantly elevated in patients 
with stage IV CRC. To confirm the association between serum 
CXCL10 and clinicopathological findings, serum CXCL10 
levels were analyzed in 218 CRC patients and 17 normal 
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controls using ELISA. The serum concentrations of CXCL10 
in patients ranged from 24 to 933 pg/ml. By contrast, the 
serum concentrations of CXCL10 in normal volunteers ranged 
from 42 to 269 pg/ml. The mean serum CXCL10 concentra-
tion in patients was significantly higher than that in normal 
volunteers (162 vs. 103 pg/ml; p<0.05; Fig. 2). In addition, 
serum CXCL10 levels increased significantly in accordance 
with the progression of UICC stage classification (p<0.05; 
Fig. 2). Table I shows the relationship between serum CXCL10 
levels and clinicopathological findings. High serum CXCL10 
was associated with being aged over 67 years (p=0.0004), high 
pathological T stage such as T3 or T4 (p=0.0013), the presence 
of vascular invasion (p=0.0068), liver metastases (p=0.0013) 
and distant metastases (p=0.0003).

In particular, serum CXCL10 level increased significantly 
in accordance to pathological T stage (Fig. 2b) and clinical 
H stage (Fig. 2c). Furthermore, a significant correlation was 
found between serum CXCL10 and serum CEA (Fig. 2d).

Associations between serum CXCL10 and survival in CRC. To 
examine the predictive value of serum CXCL10 for prognosis in 
CRC patients, we defined the cut-off value according to the best 
predictive values calculated by ROC analysis (cut-off value = 
199 pg/ml). Higher serum CXCL10 level was associated with 
a poor prognosis (p=0.002, log-rank test; Fig. 3a). On the basis 
of Cox univariate proportional hazards analysis, pathological 
T stage (T3, T4; p<0.0001), CEA (≥6 ng/ml; p<0.0001), lymph 
node metastasis (p=0.0001), vessel involvement (p=0.0001), 
lymphatic vessel involvement (p=0.0062), distant metastasis 
(p<0.0001) and elevated serum CXCL10 level (p=0.0002) 
were significant prognostic factors for cancer specific survival. 
Multivariate analysis identified lymph node metastasis (p=0.03), 
elevated serum CXCL10 level and distant metastasis as inde-
pendent risk factors for predicting poor prognosis (Table II).

Figure 2. (a), Scattergram of serum CXCL10 in stage I-IV colorectal cancer patients and control subjects (p<0.0001). (b), Scattergram of serum CXCL10 subdivided 
by pathological T stage (p=0.0101). (c), Scattergram of serum CXCL10 subdivided by clinical H stage (p=0.0004). (d), The relationships between serum CXCL10 
and serum CEA level (r=0.2853, p<0.0001).

Figure 1. (a), Cytokine antibody array analysis was used to investigate serum 
cytokine profiles in patients with stage IV colorectal cancer (CRC), compared 
with patients with stage I CRC. (b), The vertical axis shows the relative expres-
sion ratios of several cytokines in stage IV patients, compared with those in 
stage I patients.
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Furthermore, to examine the predictive value of serum 
CXCL10 for the prognosis of 163 patients in stage I-III with 
curative intent, we defined the cut-off value according to the 
best predictive values calculated by ROC analysis (cut-off 
value = 153 pg/ml). Kaplan-Meier analysis showed that higher 
serum CXCL10 level was associated with a poor prognosis 
(p=0.032, log-rank test; Fig. 3b).

Associations between serum CXCL10 and liver metastasis in 
CRC patients. Factors correlated with liver metastasis in CRC 
were analyzed by logistic regression. The predictive value of 

serum CXCL10 for liver metastasis was also examined by 
defining the cut-off value using ROC analysis (cut-off value = 
203 pg/ml). Significant clinical parameters for predicting 
liver metastasis were pathological T stage (T3, T4; p=0.0001), 
CEA ≥6 ng/ml (p<0.0001), lymph node metastasis (p=0.004), 
vessel involvement (p=0.014) and high serum CXCL10 levels 
(p<0.0001; Table III). Multivariate logistic analysis identified 
high serum CXCL10 level as the most significant independent 
clinical parameter associated with liver metastasis (high serum 
CXCL10, p=0.0067; CEA ≥6 ng/ml, p=0.01; Table III).

Expression patterns of CXCL10 in primary CRC and liver 
metastases. Fig. 4 shows representative immunostaining of 
cancerous regions in CRC tissues, normal mucosa, and liver 
metastasis tissues. CXCL10 was diffusely expressed in the 
cytoplasm of primary CRC, but barely detectable in the cancer 
stroma and normal mucosa. Cancerous regions in liver metas-
tasis tissues stained for CXCL10 in the same way as primary 
CRC. In addition, CXCL10 was located diffusely in the cyto-
plasm in normal liver tissues (Fig. 4).

Discussion

Biomarkers play an important role in cancer diagnosis, prog-
nosis, treatment, and monitoring. Serum biomarker detection 
has been widely applied for convenience and because it is 
minimally invasive. In recent years, with the development of 
molecular biological techniques and new discoveries in cancer 
biology, many serum biomarkers related to diagnosis, prognosis, 
and patient survival have been explored. In our study, we compre-
hensively analyzed serum markers related with prognosis in 
CRC by using cytokine array to consequently identify the novel 
prognostic marker CXCL10. We next reassessed prognostic 
significance of serum CXCL10 in 218 additional CRC patients. 
Cancer specific survival of patients with high CXCL10 was 
significantly poorer than that with low CXCL10 in stage I-III 
or stage I-IV, respectively. Furthermore, multivariate analysis 
showed that an elevated serum CXCL10 level was found to be 
an independent prognostic variable. These results suggested 
that cytokine array is a very useful method for detecting serum 
biomarkers and revealed CXCL10 as a novel prognostic marker 
in CRC patients.

Classically, interactions between CXCL10 and its receptor, 
CXCR3, play important roles in the pathogenesis of auto
immune and inflammatory diseases through the recruitment of 
CXCR3+ T cells (18-20). The recruitment of cytotoxic T cells 
induced via CXCL10-CXCR3 interactions could also facilitate 
antitumor immunity, resulting in tumor regression (21,22). 
Thus, the overexpressed CXCL10 in human CRC also may 
attract CXCR3+ T cells to the tumor and promote antitumor 
immunity (23-25). Clinically, CXCL10 has been character-
ized as a prognostic marker for predicting outcome in uterine 
cervical cancer and CRC (26,27). In fact, lower expression of 
CXCL10 in cancer tissue using immunohistochemical analysis 
was linked with poor prognosis in these patients.

Recently, accumulating evidence has shown that chemokine 
interactions between tumor cells and their microenvironment 
are complex, with responses to chemokines ranging from 
growth support to inhibition of the tumorigenesis process 
(28). CXCL10 has been reported to be expressed in significant 

Table I. Relationships between serum CXCL10 and clinico-
pathological factors in colorectal cancer patients.

Variables No. of 
patients

CXCL10 
(mean)

P-value

Age (year)
    <67 103 140.43
    ≥67 115 175.6 0.0004

Gender
    Female 73 159.6
    Male 145 158.5 0.73

Vascular invasion
    No 63 124.8
    Yes 155 172.8 0.0068

Lymphatic invasion
    No 34 133.9
    Yes 184 163.5 0.0635

Pathological N
    No 123 139.9
    Yes 95 180.9 0.1704

Pathological T
    T1.2 59 119.5
    T3.4 159 172.2 0.0013

Pathology
    Differentiated 198 158.62
    Non-differentiated 20 144.7 0.6069

Peritoneal dissemination
    No 210 157.3
    Yes 8 199.8 0.8016

Hepatic metastasis
    No 189 141.3
    Yes 29 253.5 0.0013

Distant metastasis (all)
    No 163 136.2
    Yes 55 224.5 0.0003
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Figure 3. (a), Cancer specific survival curves, for 218 patients with colorectal cancer, according to serum CXCL10 level. Patients with higher serum CXCL10 had 
significantly poorer prognoses than those with lower serum CXCL10 levels (p<0.0001, log-rank test); cut-off value = 199 pg/ml. (b), Cancer specific survival curves 
for 163 patients in stage I-III with curative intent, according to serum CXCL10 level. Patients with higher serum CXCL10 also had significantly poorer prognoses 
than those with lower serum CXCL10 levels (p=0.0372, log-rank test); cut-off value = 153 pg/ml.

Table ΙΙ. Uni- and multivariate analyses for prognostic factors in colorectal cancer.

Variables OR 95% CI P-value OR 95% CI P-value

Age (≥67 vs. <67) 0.95 0.58-1.54   0.81 - -     -
Gender (female vs. male) 0.91 0.54-1.54   0.75 - -     -
Pathological T (T3.4 vs. T1.2) 5.46 2.2-13.55 <0.0001 2.38 0.9-6.27   0.08
Vessel involvement (yes vs. no) 3.88 1.77-8.48   0.0001 1.73 0.76-3.91   0.18
Lymphatic vessel involvement (yes vs. no) 3.27 1.19-8.95   0.0062 1.31 0.45-3.73   0.61
Pathology (poor differentiation vs. differentiation) 1.12 0.48-2.60   0.78 - -     -
Pathological N (yes vs. no) 2.68 1.61-4.47   0.0001 1.72 1.02-2.88   0.04
Distant metastasis (yes vs. no) 5.45 3.32-8.95 <0.0001 3.47 2.01-5.81 <0.0001
CEA (>6 vs. <6) 3.04 1.78-5.18 <0.0001 1.54 0.87-2.81   0.13
CXCL10 (high vs. low) 2.75 1.67-4.54   0.0002 1.6 1.01-2.68   0.05

Table III. Uni- and multivariate analyses for predicting liver metastasis in colorectal cancer.

Variables OR 95% CI P-value 

Univariate regression analysis
  Pathological T (T3.4 vs. T1.2) 14.57 1.88-106.2   0.0001 
  Vessel involvement (yes vs. no)   7.37 1.70-31.89   0.0006 
  Lymphatic vessel involvement (yes vs. no)   1.94 0.55-6.79   0.2625 
  Pathology (poor differentiation vs. differentiation)   1.67 0.52-5.34 0.41
  Pathological N (yes vs. no)   4.01 1.75-9.15   0.0005 
  CEA (>6 vs. <6)   5.81 2.28-14.79 <0.0001 
  CXCL10 (high vs. low)   5.37 2.42-11.95 <0.0001 

Multivariate regression analysis
  Pathological T (T3.4 vs. T1.2)   4.77 0.59-38.46 0.14 
  Vessel involvement (yes vs. no)   3.84 0.79-18.56 0.09 
  Pathological N (yes vs. no) 2.234 0.95-5.77 0.06 
  CEA (>6 vs. <6)   3.36 1.24-9.11 0.016 
  CXCL10 (high vs. low)   3.94 1.65-9.46 0.002 
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amounts in aggressive tumors, indicating a possible role in 
tumor progression. For instance, Kawada et al (29) reported 
that melanoma cells constitutively express CXCR3 and that its 
ligand, CXCL10, induces cell survival, invasion, migration, and 
lymph node metastasis. Goldberg-Bittman et al (30) suggested 
that simultaneous expression of both CXCR3 and CXCL10 in 
breast tumor cells indicates that CXCL10 may act not only on 
cells within the breast tissue microenvironment but also on 
the tumor cells themselves in an autocrine manner to promote 
tumor growth. Teichmann et al (31) raised the possibility that 
high endogenous CXCL10 expression in Hodgkin's lymphoma 
and nasopharyngeal carcinoma may not exert an antitumor 
effect. Mellillo et al (32) showed that, in thyroid carcinomas, 
overexpressed CXCL10 can promote cell proliferation and 
invasion.

In CRC, CXCL10 promotes invasion related properties, 
such as the expression of matrix-degradation enzyme, in 
primary as well as in metastatic sites (33). This function of 
CXCL10 may come into effect at primary and metastatic sites 
since this chemokine is actually expressed in these loci (34-38). 
Furthermore, Cambien et al showed that CXCR3 has emerged 
as an important mediator in determining the metastatic potential 
and site-specific spread of cancer cells, as their ligand, CXCL10, 
is expressed by the target organs, such as liver and lung (39).

However, little is known about the mechanism by which the 
circulating CXCL10 level is up-regulated in accordance with 
disease progression in CRC patients. In this present study, we 
showed that an increase in the preoperative circulating CXCL10 
level was significantly correlated with factors associated with 
pathological T stage and clinical H stage, as defined by the 
Japanese Society for Cancer of the Colon and Rectum (40). 
There was a significant correlation between preoperative CEA 
and CXCL10 level. In addition, immunohistochemical analysis 
could detect CXCL10 expression in tumor cells from primary 

and metastatic sites of CRC patients, suggesting that the circu-
lating level of CXCL10 reflects, in part, secretion from the tumor 
cell; therefore promoting cell proliferation and invasion in an 
autocrine fashion.

Regarding other sources of CXCL10 in the circulation, 
Cambien et al (39) demonstrated that organ-specific metastasis 
was induced by activation of CXCR3, facilitating the implan-
tation and the progression of CRC cells within lung or liver 
tissues. Significantly higher expression of CXCL10 or CXCL11 
was shown in lung or liver tissue containing CRC metastases 
compared to that without metastases, which suggests a possible 
mechanism for the promotion of the development of distant 
metastases in the lung or liver. 

In this study we showed that CXCL10 concentration was 
significantly higher in patients with factors associated with 
venous route-metastasis (e.g., vascular invasion, distant metas-
tasis including liver or lung metastasis). By contrast, peritoneal 
dissemination or factors associated with lymphatic ductal 
route-metastasis, such as lymphatic invasion and lymph node 
metastasis, were not significantly associated with CXCL10 
concentration. In addition, CXCL10 was located diffusely in 
the cytoplasm of normal liver tissue, as well as in cancerous 
regions in liver metastatic tissue. These results suggested that 
high expression of serum CXCL10 is induced by secretion from 
target organs, such as liver or lung, in a paracrine fashion. This 
allows the revelation of the metastatic destination for CRC and 
allows the progression of cancer cells in these metastatic sites.

In conclusion, we identified the novel prognostic marker 
CXCL10 in CRC patients. Serum CXCL10 significantly corre-
lated with vascular metastasis, such as liver or lung metastasis, 
but not with lymphatic metastasis. Furthermore, CXCL10 was 
an independent prognostic factor for overall survival. Elevated 
serum CXCL10 is therefore a potentially useful predictive 
marker for liver metastasis and overall survival in CRC.

Figure 4. CXCL10 protein expression was assessed using immunohistochemistry in normal mucosa with primary CRC (a), primary colorectal cancer (b) and 
liver metastasis tissue (c). Magnification, x40. Scale bar = 500 µm.
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