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Repression of let-7a cluster prevents
adhesion of colorectal cancer cells by
enforcing a mesenchymal phenotype in
presence of liver inflammation
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Abstract
The liver is the most common site of metastasis in patients with colorectal cancer, and colorectal cancer liver
metastasis (CRLM) is associated with poor rates of survival. However, CRLM occurs infrequently in livers exhibiting signs
of hepatitis or cirrhosis, suggesting a role for inflammation in attenuating CRLM. The molecular mechanisms driving
this phenomenon remain unclear. The aim of this study was to confirm the mechanism by which liver inflammation
inhibits CRLM. We used BALB/c animal models of inflammatory liver diseases to confirm that liver inflammation
inhibits CRLM, and then elucidated the molecular mechanisms governing that process. Out data showed that liver
inflammation induces IFN-γ expression, which then downregulates expression of the let-7a cluster through IRF-1 in
colorectal cancer cells. Finally, we showed that modulation of let-7a expression regulated the epithelial–mesenchymal
transition in colorectal cancer cell lines, and inhibited their capacity to metastasize in vivo. Cumulatively, we clarified
the critical role played by the IFN-γ/IRF-1/let-7a cluster/EMT pathway in regulating the spread of circulating colorectal
cancer cells to the liver, and highlighted the critical role that the hepatitis microenvironment plays in modulating that
process.

Introduction
Colorectal cancer (CRC) has become the third most

common type of cancer worldwide and the fourth most
common cause of cancer-related mortality1,2. CRC is
closely linked to a Western lifestyle, gender, and increased
age3.

Tumor recurrence and distant metastasis are still the
main causes of death in CRC patients4. Clinically, the liver
is the most common site of distant metastasis in patients
with CRC. About 18.8% of CRC patients presented with
synchronous liver metastases at diagnosis and 29.3%
developed metachronous liver metastases within 3
years5,6.
Interestingly, CRC patients with pathological liver dis-

ease were noted to have a lower incidence of colorectal
cancer liver metastasis (CRLM)7–18. Numerous theories
have been proposed in an effort to explain this clinical
feature, including activation of liver-associated immu-
nity10, fibrosis, and sinusoid capillarization which may
induce an unfavorable hepatic “soil” in cirrhotic liver
microenvironment19,20, and the recruitment of adaptive
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immune cells which may constrain CRLM through
perforin-dependent or Fas/FasL mechanisms21–25 and
through the production of cytokines, such as interferon-γ
(IFN-γ) and tumor necrosis factor-α (TNF-α)26,27. How-
ever, there is still no consensus as to what molecular
mechanisms underlie the inverse relationship between
pathological liver diseases and the presentation of CRLM.
MicroRNAs (miRNA), one of the endogenous non-

coding RNAs, regulate the expression of about 60% of
human genes, especially oncogenes, by enhancing mRNA
degradation. Multiple lines of research has demonstrated
that miRNAs are involved in regulating the development
of CRLM by suppressing the generation of metastasis-
related metabolites28,29, promoting stemness and meta-
static potential30 and regulating the epithelial–
mesenchymal transition (EMT)31–33 of CRC cells.
MiRNA let-7, comprised of 12 members, was first

identified as a regulator of Caenorhabditis elegans devel-
opment34 and has been reported as a tumor suppressor in
many kinds of malignancies including CRC35,36. Our
previous work has demonstrated that the biogenesis of
let-7a-1-5p, let-7d-5p, let-7f-1-5p (let-7a cluster) was
strongly inhibited by stimulation of IFN-γ in colorectal
cancer cells HT29 and sensitized the cells to Fas-related
apoptosis37.
In this study, we aimed to confirm that IRF-1-mediated

downregulation of the let-7a cluster in the inflammatory
microenvironment might prevent the circulating CRC
cells from adhering to and colonizing the liver by enfor-
cing the mesenchymal characteristics of the CRC cells.

Results
More than 10 retrospective studies (Table 1) have

reported that CRLM occurs infrequently in CRC patients

with pathological liver diseases, such as chronic hepatitis
infection, cirrhosis, fatty liver, and the other chronic liver
diseases7–17.

The inflammatory liver microenvironment prevents
colorectal liver metastasis
Animal models of liver inflammation were constructed

by gavaging animals for 5 weeks with 40% carbon tetra-
chloride (CCl4). Hematoxylin and eosin (H&E) staining
revealed the infiltration of inflammatory cells into the
livers of those mice. The infiltrated cells (predominantly
lymphocytes) were mostly distributed in the portal areas,
and particularly around the interlobular artery and
interlobular bile duct. After 7 weeks of gavaging, hepatic
lobe reconstruction and typical pseudo-lobule formation
were identified (Fig. 1a).
CRLM animal models were constructed by injecting

CT26 cells into the spleens of BALB/c mice (n= 6). A
whole-body in vivo imaging system was used to detect the
incidence of CRLM. The results showed that hepatic
metastatic foci could be observed as early as 6 days after
model construction (metastatic rate was 16.7%), and by
day 12, 83.3% of the mice exhibited signs of liver metas-
tases (Fig. 1b).
To test whether the pathologic liver diseases induced in

our inflammatory model could abrogate CRLM, shRNA-
NC-CT26 cells were injected into BALB/c mice (n= 6)
which had or had not been subjected to liver inflamma-
tion. Twelve days later, all of the mice were intraper-
itoneally injected with luciferin, and whole-body in vivo
was performed to detect the incidence of CRLM. Speci-
mens of liver tissue were studied both with the naked eye
and under a microscope, and results revealed liver
metastases of colorectal cancer (Fig. 1c). In a group of

Table 1 Previous series of liver metastases in pathological livers

Country Cases (n) LM in NL (%) LM in PL (%) P-value Liver disease

Hamaya et al.7 Japan 240,377 43.20 26.30 >0.05 Cirrohosis

Vanbockrijck8 Belgium 2162 46.40 33.30 <0.01 Cirrohosis

Hayashi et al.9 Japan 839 16.02 1.65 <0.01 Fatty liver

Ustunomiya et al. (1999)13 Japan 438 21.20 8.10 >0.05 Infection HBV/HCV

Song et al.10 China 512 27.10 13.50 <0.05 Infection HBV

Lascone et al. (2005)15 Belgium 747 32.00 4.70 <0.05 Cirrhosis

Qian et al.12 China 2352 23.47 7.86 <0.01 Hepatitis+cirrosis

Qiu et al.11 China 1298 28.16 14.16 <0.01 Hepatitis infection

Wang et al.17 China 354 16.90 2.6 <0.01 Hepatitis infection

Zeng et al.18 China 2868 18.64 8.85 <0.01 Hepatitis infection

Murono et al.16 Japan 604 9.61 3.17 >0.05 Fatty liver

LM liver metastasis, NL normal liver, PL pathological liver, HBV hepatitis B virus, HCV hepatitis C virus
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normal mice, 83.3% (5/6) had hepatic metastases, com-
pared to only 33.3%(2/6) in the inflammation group (P=
0.079). We detected less powerful total fluorescence in the
mice with hepatitis (P < 0.05). In addition, the maximum

diameters of metastatic tumors (P < 0.05) and the num-
bers of metastases (P < 0.05) were dramatically lower in
the mice with hepatitis when compared with mice in the
normal control group.

Fig. 1 Liver inflammatory environment reduced the development of colorectal cancer liver metastasis. a Six animal models of liver
inflammation were constructed by administering a 40% carbon tetrachloride (CCl4) gavage and having the animals drink 5% alcohol.
Histopathological characteristics of inflamed liver specimens were observed after hematoxylin and eosin (H&E) staining. Lymphocytic infiltration
became more common in the portal areas (indicated by the black arrow) after 5 weeks of model induction. b Colorectal liver metastasis models (n=
6) were constructed by splenic injection of CT26. WT cells within different time periods; after which the final modeling time was determined. Hepatic
metastatic foci (indicated by the red arrow) were observed as early as 6 days, and by day 12, >80%(5/6) of mice exhibited signs of liver metastases. c,
d Whole-body fluorescence imaging and hepatectomy were performed to detect the incidence of CRLM. Excised liver specimens showed that
hepatitis led to decreases in liver tissue smoothness and glossiness. In addition, less powerful fluorescence was detected in the right upper quadrants
of mice with hepatitis (P < 0.05), and liver metastases of CT26.WT cells were rarely present in that group (2/6 vs. 5/6, P= 0.079). e, f The number of
metastases (P < 0.05) and maximum diameters of the metastatic tumors (P < 0.05) were dramatically lower in the mice with hepatitis. NL normal liver,
HL hepatitis liver, LM liver metastasis. The Chi-square test was used to test the rates of incidence of metastasis. Nonparametric test was used to test
the total powerful of fluorescence, the number of metastatic foci, and the maximum diameter of metastasis. Values are shown as the mean ± SD. *P
< 0.05; **P < 0.001
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IFN-γ may play an important role in determining the lower
incidence of CRLM in an inflammatory environment
Increased levels of pro-inflammatory factors such as

IFN-γ, TNF-α, and interleukin (IL-6, IL-1β) were released
into the blood while creating our models of chronic liver
disease, and played critical roles in the resistance to
CRLM37,38. In this study, we used enzyme-linked

immunosorbent assay (ELISA) methods to detect those
factors in liver specimens and corresponding serum
samples from mice in the inflammation and control
groups (Fig. 2a). In the group with hepatitis and also the
normal group, there were some slight differences in the
expression of those three factors in liver specimens, but
the differences did not reach statistical significance.

Fig. 2 There was an inverse correlation between expression of let-7a cluster and IRF-1 in the inflamed livers. a ELISA assay was used to
detect the expression of such pro-inflammatory factors as IFN-γ, TNF-α, and IL-1β in liver specimens and corresponding serum sampled from the
mice (n= 6) with hepatitis. We found that some slight differences in the expression of those three factors in liver specimens without reaching
statistical significance. However, the expression of IFN-γ (P < 0.01), TNF-α (P < 0.05), and IL-1β (P < 0.01) were significantly increased in the serum of
mice with hepatitis, particularly IFN-γ (fold change= 6.55). b Total RNA was prepared from HT29 human colon carcinoma cells and CT26.WT mouse
colon carcinoma cells which had been treated with different concentrations of IFN-γ. The qTR-PCR results showed that treatment with IFN-γ
increased IRF-1 expression at the mRNA level in both cell lines, whereas IRF-2 expression did not show a noticeable increase. c Total proteins were
extracted from the pre-treated CRC cells and analyzed in western blot studies that used antibodies against IRF-1 and IRF-2. Histone was used as a
loading control. c The differential expression of IRF-1 and IRF-2 in the liver specimens was also tested using IHC methods. The levels of IRF-1, but not
IRF-2, were dramatically increased in the inflamed liver specimens, and IRF-1-positive structures were located mainly in regions where metastatic
tumors were present. e Results from qRT-PCR studies showed that let-7a cluster expression was dramatically downregulated in both CRC cell lines
after the cells had been treated with different concentrations of IFN-γ for 48 h (P < 0.05). A two-tailed t-test was used to compare data obtained from
the qRT-PCR analyses of two independent groups. Values are shown as the mean ± SD. *P < 0.05; **P < 0.001
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However, the levels of TNF-α (P < 0.05), IL-1β (P < 0.01),
and particularly IFN-γ (6.55-fold increase, P < 0.01) were
significantly increased in the serum of mice with hepatitis.
In order to verify the critical role of IFN-γ in mediating

this resistance process, the IFN-γ receptor 1 (IFNGR1)
found in CT26.WT cells was knocked down by transfec-
tion with lentiviral vectors (shRNA-IRFGR1) for 48 h;
after which, the shRNA-IRFGR1-CT26 cells and control
cells were injected into BALB/c mice (n= 10) with
hepatitis (Supplementary Figs. 1A–D). Liver metastases
were found in eight mice in the IFNGR1 knockdown
group and three mice in the control group (80% vs. 30%,
P= 0.072). Furthermore, more powerful fluorescence (P
< 0.01), more metastatic foci (P < 0.01), and larger max-
imum metastatic tumor diameters (P < 0.01) were also
detected in the IFNGR1 knockdown group. These find-
ings suggest that IFN-γ plays an important role in
determining the lower incidence of CRLM in a CCl4-
induced inflammatory environment.

There was an inverse correlation between expression of
the let-7a cluster and IRF-1 in the liver inflammatory
environment
Based on information in the UCSC website, numerous

interferon regulatory factor (IRF-1 and IRF-2) predicted
binding sites (PBS) were found to be located at 5–50 kb
upstream of the let-7a cluster transcription start site
(TSS) (Supplementary Fig. 2). Because previous studies
had showed that IRF-1/2 expression could be regulated by
IFN-γ via the IFNGR/JAK/STAT pathway39,40, we hypo-
thesized that IFN-γ, mediated by IRF-1 or IRF-2, might
inhibit let-7a cluster gene expression in an inflammatory
microenvironment.
To test our hypothesis, HT29 human colon carcinoma

cells and CT26.WT mouse colon carcinoma cells were
cultured and treated with different concentrations (20, 40,
60, 80, and 100 ng/mL) of recombinant human IFN-γ and
recombinant murine IFN-γ, respectively, for 48 h; after
which, the expression levels of IRF-1 and IRF-2 mRNA
were detected by quantitative real-time reverse tran-
scription polymerase chain reaction (qRT-PCR) (Fig. 2b).
The results showed that IRF-1 expression in both cells
lines was significantly increased following stimulation
with increasing concentrations of IFN-γ for 48 h. How-
ever, there was no induction of IRF-2 expression in either
cell line. Next, HT29 cells and CT26.WT cells were each
treated with 40 and 80 ng/mL of IFN-γ, and western blot
analyses with anti-IRF-1 and anti-IRF-2 antibodies were
performed to detect IRF-1/IRF-2 protein expression in the
IFN-γ-treated cell lines (Fig. 2c). A trend toward sig-
nificantly higher levels of IRF-1 expression, without
higher levels of IRF-2 expression, was found in the IFN-γ-
treated groups of both cell lines. Furthermore, an
immunohistochemical (IHC) analysis that was performed

to detect the localization of IRF-1/IRF-2, and semi-
quantify its expression in metastatic liver specimens,
showed the same results (Fig. 2d). IRF-1 expression was
dramatically increased in the CCl4-induced inflammation
group, and IRF-1-positive structures were located mainly
in the areas where metastatic tumors existing.
In parallel with these experiments, we also observed a

trend toward lower levels of let-7a cluster expression in
the inflammation group. The clustered miRNAs as
detected by qRT-PCR performed (Fig. 2e) with specific
primers were dramatically downregulated in response to
treatment with IFN-γ for 48 h in both CRC cell lines, and
especially in the HT29 human colorectal cancer cell line.

IRF-1 mediated the IFN-γ/let-7a-1-5p pathway
Considering the bio-informatic analysis results (Sup-

plementary Fig. 2), we hypothesized that the let-7a cluster
downregulation induced by IFN-γ had been mediated by
IRF-1 in both CRC cell lines. Rescue experiments were
performed to further explore this hypothesis. Small
interfering RNAs (siR-IRF-1-864/-336/-666) were used to
inhibit IRF-1 expression in HT29 cells; after which, qRT-
PCR and western blot studies were performed to detect
the respective interference efficiencies (Fig. 3a). We found
that the mRNA and protein expression levels were dra-
matically decreased following transfection with either siR-
IRF-1-336 (P < 0.01) or siR-IRF-1-666 (P < 0.01) for 48 h,
with siR-IRF-1-336 producing the stronger inhibitory
effect. We next exposed HT29 cells in which IRF-1 had
been knocked down to IFN-γ for 48 h, and monitored let-
7a cluster expression by qRT-PCR. We found that IFN-γ-
mediated repression of the let-7a cluster was significantly
reduced in the cells in which IRF-1 had been knocked
down (P < 0.01) (Fig. 3b). This suggested that IFN-γ-
induced downregulation of the let-7a cluster might be
mediated by IRF-1.
In order to study the detailed mechanisms by which

IRF-1 regulates the let-7a cluster, the expression levels of
let-7a-1-5p and its corresponding precursor in HT29 cells
were examined by qRT-PCR. A marked downregulation
of both mature miRNA (P < 0.05) and precursor miRNA
expression (P < 0.05) was detected in IFN-γ-treated HT29
cells, and the trends of expression were not significantly
different (P > 0.05) (Fig. 3c). This indicated that depletion
of the let-7a cluster was mediated in via transcriptional
regulation.
Chromatin immunoprecipitation (ChIP) was

performed to detect the specific binding site for IRF-1
upstream of the let-7a cluster TSS. Antibodies against
IRF-1 and IgG were used to immunoprecipitate chroma-
tin prepared from normal and IFN-γ-treated HT29 cells
(Fig. 3d,e); qRT-PCR was performed with 13 different
primers to test the possible binding sites (PBS) (Supple-
mentary Table 2). Results showed that the PBS
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(chr9:96,931,077–96,931,229) which most strongly
increased amplification with primer #4 was located in the
upstream region of the TSS, ~7157 bp from the start site.
Additional dual-luciferase reporter assays were per-

formed to support our hypothesis. The constructs
upstream of the let-7a cluster TSS (879 bp), the PBS (chr9:
96,931,077–96,931,229), and the spot of the deletion
mutation at position 718–721 (AATC) are shown in
Fig. 4a. The luciferase activity assay (Fig. 4b) showed that
the mean level of luciferase activity in the IRF-1 plasmid
and let-7a-Report-WT co-transfected group was
significantly lower than that in the control plasmid and
let-7a-Report-WT co-transfected group (P < 0.01). Co-
transfection with the IRF-1 plasmid and let-7a-Report-
MU caused no significant change in luciferase activity
when compared with the corresponding effects produced
by co-transfection with the negative control plasmid and
let-7a-1-Report-MU (P > 0.05).

Let-7a-1-5p expression levels were related to colorectal
cancer liver metastasis in vivo
Stable overexpression and knockdown of let-7a-1-5p in

CT26.WT cells were established using lentiviral vectors
according to the manufacturer’s instructions. Metastatic
models were constructed by injecting CT26 cells into the
spleens of BCLB/c mice for 12 days. Whole-body in vivo
imaging and hepatectomy were performed to investigate
the incidence of CRLM (Fig. 5a–d). The results showed
that let-7a-1-5p plays a critical role in determining the
incidence of CRLM in mice. When compared with mice
in the control group, mice in the let-7a-1-5p depletion
group had a lower incidence of CRLM (16.7% vs. 66.7%, P
= 0.242), less powerful fluorescence (P= 0.05) during
imaging (Fig. 5b), fewer metastatic foci (P < 0.05) in their
liver specimens (Fig. 5c), and smaller maximum diameters
(P= 0.05) of their metastatic tumors (Fig. 5d). Although a
slightly higher incidence of CRLM was found in the

Fig. 3 IRF-1 mediated the downregulation of let-7a cluster by stimulating with IFN-γ. a Three siRNA-IRF-1 (−846, −336, −666) were transfected
in HT29 cell line, qRT-PCR and western blot was used to test the interference efficiency, and siR-IRF-1-366 was filtered out to be the most efficient one
(P < 0.01). b IRF-1 was depleted in HT29, followed by treatment with IFN-γ. The IFN-γ induced decreasing trend of let-7a cluster was significantly
attenuated by siRNA-IRF-1-366 transfection (P < 0.01). c The expression level of let-7a-a-5p and its precursor was significantly decreased under the
treatment of IFN-γ (all value P < 0.01). The decreased trend of let-7a-1-5p was consistent with its precursor (P > 0.05). d, e ChIP assay was used to find
out the possible binding sites of IRF-1 in the upstream of let-7a cluster transcription start site (TSS). The prepared chromatin was immunoprecipated
through antibodies against IRF-1 and IgG. And the subsequent qRT-PCR was used to test those possible binging sites with specific primers. The
results told that the possible binding site (chr9:96,931,077–96,931,229) was strongly increased amplification with primer #4. A two-tailed t-test was
used to test the data obtained from the qRT-PCR
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upregulated group (100% vs. 83.3%), the increase was not
statistically significant (P > 0.05). Mice in the upregulated
group also displayed more powerful fluorescence (P <
0.05), larger numbers of metastatic foci (P < 0.05), and
larger maximum tumor diameters (P < 0.05) when com-
pared with control mice. In addition, abdominal wall
metastases were only detected in the overexpression
group (2/6 mice vs. 0/6 mice) (Fig. 5e).
Splenic injection of these constructed CT26 cells

transfected with shRNA-let-7a-1-5p or LV-let-7a-1-5p
was also performed in mice with hepatitis (n= 10) (Sup-
plementary Figs. 1E–H). The incidence of CRLM in the
former group was 10%, compared to 50% in the latter
group (P= 0.141). Furthermore, differences in the inci-
dence of powerful fluorescence, the number of metastatic
foci, and the maximum diameter of metastatic tumors all
reached statistical significance (all P-values <0.05).

Repression of the let-7a cluster maintained the
mesenchymal phenotype of CRC cells and prevented their
subsequent settlement in the liver
Surprisingly, some of the HT29 cells, but no CT26.

WT cells, reversed from their epithelial phenotype to a
mesenchymal phenotype during the process of modeling
the let-7a-1-5p depleted cell line with lentivirus. Several
studies have shown that abnormal miRNA expression is
closely associated with the EMT and migratory capability
of cancer cells33,41–43. Furthermore, Peter et al. found that
downregulation of let-7 promotes the EMT44–46.
In this study, EMT related markers such as E-cadherin,

N-cadherin, and vimentin were investigated both in vitro
and in vivo. Our data from qRT-PCR studies showed that

in HT29 cells, expression of N-cadherin, a known marker
of the mesenchymal phenotype, was dramatically increased
by >100-fold after stimulation with IFN-γ (P < 0.01), and by
>7-fold after depletion of let-7a-1-5p in HT29 (P < 0.01);
however, the other two markers showed no significant
differential expression trend (Fig. 6a). Moreover, our
western blot studies showed the same results (Fig. 6b).
Our IHC studies of liver specimens revealed that

N-cadherin levels were markedly increased in both the
inflammation group and the let-7a-1-5p downregulated
group, when compared with their respective control
groups (Fig. 6c). N-cadherin-positive structures were
located mainly areas infiltrated with tumor cells.
In this study, we confirmed that downregulation of

let-7a-1-5p helps to maintain the mesenchymal pheno-
type of circulating CRC cells by causing them to over-
express N-cadherin, and prevents CRC cells from settling
in the liver (Fig. 7).

Discussion
It has become an indisputable fact that colorectal cancer

liver metastases are rarely found in patients with patho-
logical liver conditions such as a hepatitis B or C virus
infection, fatty liver, cirrhosis, or other chronic hepatic
diseases. However, most studies of this phenomenon have
been retrospective clinical studies, and did not yield
insights into the pertinent molecular mechanisms.
In this study, we first demonstrated the inhibitory effect

of liver inflammation on CRLM in vivo. Animal models of
inflammation and CRLM were used to confirm that cir-
culating CRC cells, transplanted by splenic injection,
rarely developed distant metastases in inflamed livers

Fig. 4 Dual-luciferase reporter assay system. a The constructs of upstream of the let-7a cluster TSS (879 bp) and the spot of deletion mutation at
position 718–721. The constructs contained the PBS of IRF-1 (chr9: 96,931,077–96,931,229) which was the most strongly enriched amplification with
primer #4. The blue box and pink box showed the predicted binding site from the search results of UCSC website. b The relative luciferase activities
after transfection with different reporter vectors and IRF-1 plasmid. The results showed that the mean level of luciferase activity was significantly
lower in the IRF-1 plasmid and let-7a-Report-WT co-transfected group than that in the control plasmid and let-7a-Report-WT co-transfection group (P
< 0.01). While the let-7a-Report-MU co-transfected with IRF-1 plasmid did not reach the similar statistic difference in luciferase activity (P > 0.05). A
two-tailed t-test was used to test the luciferase activities in different groups. *P < 0.05, **P < 0.01
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(83.3% vs. 33.3%, P= 0.079), which resulted in sig-
nificantly lower tumor burdens in those livers. Hepatitis
results from sustained injury produced by chronic hepatic
diseases, and is characterized by collagen deposition and
the accumulation of extracellular matrix macromolecules.
Kupffer cells (KCs), natural killer (NK) cells, and cytotoxic
T lymphocytes (CTLs) are all activated during this
process.
NK cells and CTLs play crucial roles in the immune

response to a tumor, and prevent cancer cell growth and
distance dissemination47,48. The infiltration of NK cells

into colorectal cancer tissue has been associated with a
favorable clinical outcome49,50. The loss of MHC class I
expression makes metastasizing CRC cells particularly
vulnerable to destruction by circulating for NK cells, and
thus inhibits the development of distant metastases51–53.
NK cells can also prevent metastasizing CRC cells from
developing a hepatic metastasis focus by acting through
the Fas/Fasl pathway and Perforin/Granzyme pathway.
CTLs are a specific type of T cell that can damage
metastatic CRC cells, and also secrete various cytokines
that enhance their antitumor function.

Fig. 5 Let-7a-1-5p influenced the metastatic ability of CT26.WT in BALB/c. a, b Twelve days after the injection of reconstructed CT27 cells, the
whole-body in vivo imaging system was used to monitor the dynamic growth of the metastases in BALB/c mice. Compared to the control group (n
= 6), a lower incidence of CRLM (16.7% vs. 4/6, P= 0.242) with less powerful fluorescence (P= 0.05) was detected in the let-7a downregulated group
(n= 6), and more powerful fluorescence in the upregulated group (P < 0.05). However, the incidence of CRLM in the overexpression group (n= 6)
did not achieve statistical significance (6/6 vs. 5/5) compared to the control group (n= 6). Macro- and microscopic changes were observed after
performing anesthesia and hepatectomies. More discrete tumor nodules were visible throughout the livers in the upregulated group, and it was
identical with histological and morphological characteristic observed from H&E stain. c, d The number and the maximum diameter of metastases in
different groups. Dramatically decreased trends in number (P < 0.05) and diameter (P= 0.05) were detected in the let-7a-1-5p suppressive group
compared with the control group and increased number of metastases (P < 0.05) and dramatically larger diameter (P < 0.05) in the upregulated
group. e Abdominal wall metastases (where the red arrow is pointing) were detected in the two of six mice in the let-7a-1-5p overexpression group.
However, no abdominal wall metastasis was found in the other groups. Chi-square test was used to test the rates of incidence of metastasis.
Nonparametric test was used to test the total powerful of fluorescence, the number of metastatic foci, and the maximum diameter of metastasis. *P
< 0.05, **P < 0.01
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Activated KCs exposed to an inflammatory environ-
ment can release increasing amounts of profibrogenic
factors such as IFN-γ, TNF-α, and IL. These factors can
induce the activation of hepatic stellate cells, and play
important roles in the development of chronic liver dis-
eases. In this study, ELISA was used to examine the

expression levels of those cytokines in serum specimens
and liver tissues of mice. The results indicated that a
significantly increased serum IFN-γ level may serve as an
important biomarker for CCl4-induced hepatitis (Fig. 2a),
and play a primary role in the process by which CRC cells
are prevented from metastasizing to inflamed livers54,55.

Fig. 6 Repression of let-7a cluster maintained the mesenchymal phenotype of CRC cells. a, b IFN-γ stimulation and let-7a-1-5p depletion
induced a significant up-regulation of N-cadherin in HT29 cells in mRNA and protein level, but not E-cadherin and Vimentin. c The expression of
those three EMT relative markers in liver specimens sampled from the metastatic animal models were detected by immunohistochemical staining
(IHC). N-cadherin were dramatically upregulated in the inflammatory group and the let-7a-1-5p depleted group, especially in the tumor areas.
However, the differential expression of E-cadherin and Vimentin in the inflammatory and let-7a-1-5p depleted groups was not statistically significant.
A two-tailed t-test was used to test the data obtained from the qRT-PCR analyses. *P < 0.05; **P < 0.001
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To determine whether IFN-γ plays a major role in con-
trolling resistance to tumor metastasis in mice with hepa-
titis, one of the IFN-γ receptors (IFNGR1) was knocked
down by shRNA-IRFGR1 transfection. The results showed
that IFN-γ plays an important role in determining the lower
incidence of CRLM in inflammatory environment.
When combined with our previous studies, the ChIP

assay and dual-luciferase reporter assay results mentioned
above indicate that IRF-1 mediates downregulation of the
let-7a cluster by binding to the upstream region of the let-
7a cluster TSS.
Several studies have shown that the let-7a cluster, a

cancer suppressor gene, inhibits tumor cell proliferation,
invasion, distant colonization, and the EMT. Depletion of
let-7a cluster miRNA might result in tumor progression.
Moreover, studies have also shown that the let-7a cluster
is dramatically upregulated in colorectal cancer tissue56

and is closely related to a poor clinical prognosis and the
presence of hepatic metastases57. Therefore, we hypo-
thesized that a lower incidence of CRLM might result
from decreased expression of let-7a cluster in normal and
inflammatory liver microenvironments.
CT26 cell lines with either stable overexpression or

knockdown of let-7a-1-5p were used to test this hypoth-
esis in normal BALB/c mice. Depletion of let-7a-1-5p led
to a lower incidence of CRLM and a dramatically lower
tumor burden. In contrast, mice injected with LV-let-7a-
1-5p-CT26 cells had a slightly higher incidence of CRLM,
and displayed significantly more powerful fluorescence.
Those mice also had more metastatic foci, tumors with
larger maximum diameters, and were more likely to have
abdominal wall metastases (Fig. 4d). Our subsequent
studies in inflammatory BALC/c mice showed similar
results (Supplementary Fig. 1).

Fig. 7 A schematic model of the critical role of IFN-γ/IRF-1/let-7a-1-5p cluster/EMT pathway in regulating the subsequent colonization of
circulating colorectal cancer cells to livers with inflammatory microenvironment. Activation of hepatic stellate cells and Kupffer cells often
followed the HBV/HCV infection or other hepatic inflammatory diseases and was characterized by the overwhelming release of pro-inflammatory
cytokines such as IFN-γ, TNF-α, and IL into in peripheral circulating blood. IFN-γ was the sharpest upward one. Primary colorectal cancer cells firstly
required EMT to gain mesenchymal phenotype for the invasive ability and prompt intravasion. The IRF-1 product of those circulating colorectal
cancer cells was upregulated by the stimulation of IFN-γ and then dramatically depleted the expression of the let-7a cluster. The suppression of the
let-7a cluster caused significantly overexpression of N-cadherin which was associated with acquiring the mesenchymal phenotype. As we all know,
MET, a reverse process of EMT, is necessary for facilitating the extravasation and subsequent settlement of circulating colorectal cancer cells at
secondary locations. So it is not difficult to understand that maintaining the mesenchymal phenotype of circulating CRC cells might result in low
incidence of CRLM
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Depletion of the let-7a cluster maintained the
mesenchymal characteristics of circulating CRCs and
inhibited their hepatic settlement in the inflammatory
microenvironment. It is generally known that HT29 cells,
an epithelial phenotypic CRC cell line, are characterized
by their ability to adhere to each other and their 3D
structural growth patterns, and that those characteristics
prevent HT29 vicariance. However, this epithelial phe-
notype became transformed into a mesenchymal pheno-
type when let-7a-1-5p was depleted. In subsequent
experiments, extremely high levels of N-cadherin, a
molecule associated with acquisition of the mesenchymal
phenotype, were detected in IFN-γ-treated and let-7a-1-
5p-depleted cells by qRT-PCR, western blot, and IHC.
How could the EMT, known as a promoter of metas-

tasis, be triggered by decreased expression of let-7a
cluster, and even prevent CRLM in an inflammatory
microenvironment? It is known that both the EMT pro-
cess and mesenchymal–epithelial transition (MET) pro-
cess (a reverse of EMT) play key roles in CRLM
formation, which requires a series of distinct steps
involving local invasion, intravasation, dissemination in
the circulation, extravasation, colonization, and metastasis
formation58. Polyak et al. clarified in detail the phenotypic
changes that occur in primary cancer cells during the
entire process of distant metastasis. Primary cancer cells
must first complete the EMT process to gain a
mesenchymal phenotype required for their invasive ability
and prompt intravasation; after which, the MET is
necessary for facilitating their extravasation and sub-
sequent settlement at secondary locations59. Other than
for those requirements, the clinicopathological properties
of primary colorectal cancer are quite similar in HBV-
infected and non-infected patients, and the low incidence
of CRLM in inflamed livers is not caused by the mod-
ulation of pathological factors in primary CRC
tumors10,13. In this study, transfected CT26 cells were
injected into the splenic vein and became circulating
tumor cells, which ultimately reached the liver via the
portal vein. Therefore, it is not a contradiction to infer
that the loss of let-7a cluster expression prevented dis-
seminated circulating CT26 cells from subsequently set-
tling in the livers of mice with CCl4-induced hepatitis.
Understanding details of the mechanism by which
depletion of let-7a cluster maintains the mesenchymal
phenotype of CRC cells is worthy of further study.
In summary, we identified the critical role played by the

IFN-γ/IRF-1/let-7a cluster/N-cadherin pathway in reg-
ulating the subsequent settlement of circulating CRC cells
into livers with an inflammatory microenvironment.
However, our study has some deficiencies that should

be mentioned. Hepatitis has variety of etiologies that
include infection with HBV/HCV, fatty liver, autoimmune
hepatitis, and other chronic liver diseases. The CCl4-

induced animal model of liver inflammation is not entirely
representative of the liver inflammation found in hepatitis
patients. In addition, although the incidence of metastasis
obviously differed in the different groups, further studies
with larger sample sizes are needed for these differences
to reach statistical significance. Therefore, it is imperative
that we establish new types of animal models and perform
the in-depth research needed to verify the conclusion
mentioned above.

Materials and methods
Animal models
Male BABL/c mice (6 weeks old) were purchased from

the Laboratory Animal Center of the Second Military
Medical University (Shanghai, China). All the animal
experiments were conducted according to the National
Institutes of Health animal use guidelines with methods of
random grouping. The hepatic inflammatory animal
models were constructed by gavaging 40% CCl4 (6 mL/
kg), age-matched male BALB/c who received saline
gavage as controls. To evaluate incidence of metastasis
in vivo, we firstly weighed the mice and injected 100 μL
chloralhydrate (10%) into the abdominal cavity for anes-
thesia. 0.2 mL reconstructed CT26 cell suspension (1 ×
106/per mouse) was injected into the spleen and sple-
nectomy was performed to stop the cancer cell from
growing in the spleen. The incidence of CRLM was
detected using the whole-body in vivo imaging system
with intraperitoneal injection of luciferin (Promega, USA)
and subsequent hepatectomy was performed followed the
principles of aseptic surgery.

Cell culture
Two CRC cell lines (HT29 and CT26.WT) were pur-

chased from the American Type Culture Collection
(ATCC, Rockville, MD, USA). All the cell lines were
stored and cultured according to the instructions of
ATCC. The HT29 was cultured in McCoy’s 5a (SIGMA,
M4892, USA) and CT26.WT in RPMI-1640 (Hyclone,
China) containing 10% fetal bovine serum (Gibco, 10099-
141, Australia) at 37 °C in a humidified incubator sup-
plemented with 5% CO2.

RNA extraction and real-time PCR
Total RNA was extracted from the tissues and cell using

RNAiso Plus kit (TaKaRa, AA1003-1, Japan), then 1.0 μg
total RNA was reverse transcribed into cDNA using
ReverTra Ace qPCR RT Kit (TOYOBO, FSQ-101, Japan)
with a universal primer (5′-AACGCTTCACGAATTT
GCGT-3′) for mRNA and a specific miRNA stem loop
primer (5′-GTCGTATCCAGTGCGAACTGTGGCGAT
CGGTACGGGCTACACTCGGCAATTGCACTGGATA
CGACAACTA-3′) for let-7a cluster. The mRNA and
miRNA expression levels were quantitatively measured by
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SYBR Green-based qRT-PCRs with gene-specific primers;
GAPDH and U6 were used as the endogenous control,
respectively. All qRT-PCRs were conducted using SYBR®
Green Real-time PCR Master Mix (Toyobo, QPK-201,
Japan) and repeated three times. The primers are listed in
Supplementary Table 1.

Western blot analysis
HT29 and CT26.WT were cultured in a six-well plate

for 48 h; total protein was extracted using RIPA buffer
(Servicebio, G2002, China) containing protease inhibitors
(Servicebio, G2006, China) and quantified using BCA kit
(Thermo Fisher Scientific, USA). For each sample, 25 μg
total protein was separated by 10% SDS-PAGE and
transferred to a PVDF membrane using a wet transfer
blotting system (BioRad, Hercules, CA), antibodies such
as anti-IRF-1 (Cell Signaling Technology, #8474, USA),
anti-IRF-2 (Abcam, ab1274744, USA), anti-E-cadherin
(ABclonal, A3044, China), anti-N-cadherin (ABclonal,
A0433, China), anti-Vim (ABclonal, A11423, China) were
used for western blotting; anti-histone (Abcam, USA) was
used as an endogenous control.

Transfection procedure
Optimal concentration of let-7a cluster inhibitors

(GenePharma, China), small interfering RNA (siRNA)
targeting IRF-1(siR-IRF-1) (Genechem, China) and their
corresponding negative control (NC) were transfected
into CRCs with LipofectamineTM 2000 Transfection
Reagent (Invitrogen, USA). Forty-eight hours after trans-
fection, total RNA, and protein were collected and sub-
sequent assays was performed on schedule. Lentiviral
vector (pLenti-U6-hsa-let7a-1-EF1a-LUC-T2A-Puro)
(Obio, China) was used to overexpress let-7a-1-5p (LV-
let-7a-1-5p) and pLenti-U6-mir30-EF1a-LUC-T2A-Puro
H130 to silence let-7a-1-5p (shRNA-let-7a-1-5p) expres-
sion in CT26 and HT29 cell lines. After 3 days' trans-
fection, LV-let-7a-1-5p-CT26 and shRNA-let-7a-1-5p-
CT26 were cultured in medium containing puromycin
(0.5 μg/mL) for 2 weeks, and stable overexpression and
depletion of let-7a-1-5p in CT26 were selected. All
transfection procedures were performed according to the
manufacturer’s instructions.

ChIP assay
ChIP assays were performed using the EZ ChIPTM

Chromatin Immunoprecipitation Kit (Millipore, 17–371).
HT29 (1 × 107) cells were treated with IFN-γ (50 ng/mL)
for 48 h. Two hundred and twenty-five microliters 37%
formaldehyde were added to crosslink protein and DNA
at room temperature. Then the crosslinked cells were
scraped from the dish, lysed by SDS lysis buffer,
and sonicated to 200–500 bp DNA on optimal condition.
The crosslinked protein/DNA complexes were

immuneprecipitated with specific anti-IRF-1antibody
(Abcam, ab186384, USA) and reversed by incubating
with 5M NaCl at 65 °C for 5 h. At last, the free DNA was
purified and the special-gene was quantified using qRT-
PCR with 13 specific primers which complement to the
promoter region of let-7a cluster. All the primers are
listed in the Supplementary Table 2.

Dual-luciferase reporter assay system
The constructs of upstream of the let-7a cluster TSS

(879 bp) were amplified by PCR with special primer (the
sense primer 5′-CCGAGTGTTAAGAGCGCCA-3′ and
the anti-sense primer 5′-TGAAGCTGTGGAGAGACA-
GAAC-3′) using the genomic DNA from HT29 cells. This
region contained the possible IRF-1 binding site (chr9:
96,931,077–96,931,229). The UCSC predicted binding
sites, which located at positions 710–721 (CGTTGTA-
TAATC) and 718–729 (AATCACTTAAGA), and the
deletion mutation was located at position 718–721
(AATC). All the constructs were sequenced to exclude
additional mutations and then ligated and cloned into
multicloning sites of the firefly luciferase pGL4.26-Basic
vector according to the instruction of the kit. The mutant
reporter plasmid let-7a-Report-MU (at positions
718–721) and IRF-1-expressing plasmid CMV-IRF-1-
EGFP-SV40-Neomycin (Genechem, China) were also
constructed. The combination of IRF-1 plasmid or its
control plasmid with let-7a-Report-WT and the combi-
nation of IRF-1 plasmid or its control with let-7a-Report-
MU, were co-transfected into HT29 cells. After 48 h,
HT29 cells were collected, lysed, and the relative lucifer-
ase activity was measured.

H&E stain and IHC staining
All the tissue was fixed in 10% formaldehyde, dehy-

drated in ethanol, cleared in xylene, and embedded in
paraffin. Sections (5 μm) were subjected to routine H&E
stain and established the IHC staining technique using
standard procedures. Rabbit mAb to IRF-1 (Cell Signaling
Technology, #8474, USA), IRF-2 (Abcam, ab124744,
USA), E-cadherin (ABclonal, A3044, China), N-cadherin
(ABclonal, A0433, China), and Vimentin (ABclonal,
A11423, China) were used as the primary antibodies and
HRP Goat anti-rabbit IgG (ABclonal, China) was used as
the secondary antibody.

Statistical analysis
Data were presented as the mean ± SD at least three

independent experiments. A two-tailed t-test was used for
comparisons of the data which were obtained from the
qRT-PCR analyses of two independent groups. Chi-
square test was used to test the rates of incidence of
metastasis. Nonparametric test was used to test the total
powerful of fluorescence, the number of metastatic foci,
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and the maximum diameter of metastasis. P < 0.05 was
considered statistically significance (*P < 0.05, **P < 0.01).

Acknowledgements
This work was supported by the National Natural Science Foundation of China
[grant numbers 81172304 and 81400656] and Natrue Science Foundation of
Shanghai [grant numbers 14ZR1409000].

Author details
1Department of Special Treatment and Liver Transplantation, Shanghai Eastern
Hepatobiliary Surgery Hospital, Second Military Medical University, Shanghai
200438, China. 2Department of General Surgery, People’s Liberation Army
Nanjing General Hospital, Nanjing 210002, China. 3Department of Hepatobiliary
Pancreatic and Spleen Surgery, Xuzhou Central Hospital, Xuzhou 221000,
China. 4Research Center of Developmental Biology, Second Military Medical
University, Shanghai 200433, China

Conflict of interest
The authors declare that they have no conflict of interest.

Publisher's note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Supplementary Information accompanies this paper at https://doi.org/
10.1038/s41419-018-0477-1.

Received: 29 September 2017 Revised: 6 February 2018 Accepted: 14
February 2018

References
1. Lozano, R. et al. Global and regional mortality from 235 causes of death for 20

age groups in 1990 and 2010: a systematic analysis for the Global Burden of
Disease Study 2010. Lancet 380, 2095–2128 (2012).

2. Siegel, R., Ma, J., Zou, Z. & Jemal, A. Cancer statistics. CA Cancer J. Clin. 64, 9–29
(2014).

3. Brenner, H., Kloor, M. & Pox, C. P. Colorectal cancer. Lancet 383, 1490–1502
(2014).

4. Cunningham, D. et al. Colorectal cancer. Lancet 375, 1030–1047 (2010).
5. Leporrier, J. et al. A population-based study of the incidence, management

and prognosis of hepatic metastases from colorectal cancer. Br. J. Surg. 93,
465–474 (2006).

6. Manfredi, S. et al. Epidemiology and management of liver metastases from
colorectal cancer. Ann. Surg. 244, 254–259 (2006).

7. Hamaya, K., Hashimoto, H. & Maeda, Y. Metastatic carcinoma in cirrhotic liver
—statistical survey of autopsies in Japan. Acta Pathol. Jpn 25, 153–159 (1975).

8. Vanbockrijck, M. & Kloppel, G. Incidence and morphology of liver metastasis
from extrahepatic malignancies to cirrhotic livers. Zent. Pathol. 138, 91–96
(1992).

9. Hayashi, S., Masuda, H. & Shigematsu, M. Liver metastasis rare in colorectal
cancer patients with fatty liver. Hepatogastroenterology 44, 1069–1075 (1997).

10. Song, E., Chen, J., Ou, Q. & Su, F. Rare occurrence of metastatic colorectal
cancers in livers with replicative hepatitis B infection. Am. J. Surg. 181, 529–533
(2001).

11. Qiu, H. B. et al. HBV infection decreases risk of liver metastasis in patients with
colorectal cancer: a cohort study. World J. Gastroenterol. 17, 804–808 (2011).

12. Qian, H. G. et al. Association of hepatitis B virus infection and cirrhosis with liver
metastasis in colorectal cancer. Zhonghua Wei Chang Wai Ke Za Zhi 13,
202–204 (2010).

13. Utsunomiya, T. et al. Rare occurrence of colorectal cancer metastasis in livers
infected with hepatitis B or C virus. Am. J. Surg. 177, 279–281 (1999).

14. Iascone, C., Ruperto, M. & Barillari, P. Colorectal carcinoma metastasis in livers
infected with hepatitis B or C virus. Minerva Chir. 60, 77–81 (2005).

15. Lascone, C., Ruperto, M. & Barillari, P. Occurrence of synchronous colorectal
cancer metastasis in the cirrhotic or fatty liver. Minerva Chir. 60, 185–190
(2005).

16. Murono, K. et al. Hepatic steatosis is associated with lower incidence
of liver metastasis from colorectal cancer. Int. J. Colorectal Dis. 28, 1065–1072
(2013).

17. Wang, F. S., Shao, Z. G., Zhang, J. L. & Liu, Y. F. Colorectal liver metastases rarely
occur in patients with chronic hepatitis virus infection. Hepatogastroenterology
59, 1390–1392 (2012).

18. Zeng, Y. et al. Chronic hepatic viral infection could be a protective factor for
colorectal cancer liver metastases: analysis in a single institute. Hepatogas-
troenterology 60, 37–41 (2013).

19. Lieber, M. M. The rare occurrence of metastatic carcinoma in the cirrhotic liver.
Am. J. Med. Sci. 233, 145–152 (1957).

20. Fisher, E. R., Hellstrom, H. R. & Fisher, B. Rarity of hepatic metastases in cirrhosis
—a misconception. JAMA 174, 366–369 (1960).

21. Tajiri, K., Shimizu, Y., Tsuneyama, K. & Sugiyama, T. Role of liver-infiltrating CD3
+CD56+natural killer T cells in the pathogenesis of nonalcoholic fatty liver
disease. Eur. J. Gastroenterol. Hepatol. 21, 673–680 (2009).

22. Adler, M. et al. Intrahepatic natural killer T cell populations are increased in
human hepatic steatosis. World J. Gastroenterol. 17, 1725–1731 (2011).

23. Comba, A. et al. Effect of omega-3 and omega-9 fatty acid rich
oils on lipoxygenases and cyclooxygenases enzymes and on the
growth of a mammary adenocarcinoma model. Lipids Health Dis. 9, 112
(2010).

24. Dhodapkar, K. M. et al. Invariant natural killer T cells are preserved in patients
with glioma and exhibit antitumor lytic activity following dendritic cell-
mediated expansion. Int. J. Cancer 109, 893–899 (2004).

25. Kawano, T. et al. Antitumor cytotoxicity mediated by ligand-activated human
V alpha24 NKT cells. Cancer Res. 59, 5102–5105 (1999).

26. Swain, M. G. Hepatic NKT cells: friend or foe. Clin. Sci. (Lond.). 114, 457–466
(2008).

27. Rizzo, A., Pallone, F., Monteleone, G. & Fantini, M. C. Intestinal inflammation and
colorectal cancer: a double-edged sword. World J. Gastroenterol. 17,
3092–3100 (2011).

28. Loo, J. M. et al. Extracellular metabolic energetics can promote cancer pro-
gression. Cell 160, 393–406 (2015).

29. Sullivan, W. J. & Christofk, H. R. The metabolic milieu of metastases. Cell 160,
363–364 (2015).

30. Iliou, M. S. et al. Impaired DICER1 function promotes stemness and metastasis
in colon cancer. Oncogene 33, 4003–4015 (2014).

31. Ma, K. et al. Loss of miR-638 in vitro promotes cell invasion and a
mesenchymal-like transition by influencing SOX2 expression in colorectal
carcinoma cells. Mol. Cancer 13, 118 (2014).

32. Hur, K. et al. MicroRNA-200c modulates epithelial-to-mesenchymal
transition (EMT) in human colorectal cancer metastasis. Gut 62, 1315–1326
(2013).

33. Liang, L. et al. MicroRNA-137, an HMGA1 target, suppresses colorectal cancer
cell invasion and metastasis in mice by directly targeting FMNL2. Gastro-
enterology 144, 624–635.e4 (2013).

34. Reinhart, B. J. et al. The 21-nucleotide let-7 RNA regulates developmental
timing in Caenorhabditis elegans. Nature 403, 901–906 (2000).

35. Yanaihara, N. et al. Unique microRNA molecular profiles in lung cancer
diagnosis and prognosis. Cancer Cell 9, 189–198 (2006).

36. Takamizawa, J. et al. Reduced expression of the let-7 microRNAs in human
lung cancers in association with shortened postoperative survival. Cancer Res.
64, 3753–3756 (2004).

37. Geng, L. et al. A let-7/Fas double-negative feedback loop regulates human
colon carcinoma cells sensitivity to Fas-related apoptosis. Biochem. Biophys.
Res. Commun. 408, 494–499 (2011).

38. Kim, E. J., Lee, J. M., Namkoong, S. E., Um, S. J. & Park, J. S. Interferon regulatory
factor-1 mediates interferon-gamma-induced apoptosis in ovarian carcinoma
cells. J. Cell Biochem. 85, 369–380 (2002).

39. Stark, G. R., Kerr, I. M., Williams, B. R., Silverman, R. H. & Schreiber, R. D. How cells
respond to interferons. Annu. Rev. Biochem. 67, 227–264 (1998).

40. Kaplan, D. H. et al. Demonstration of an interferon gamma-dependent tumor
surveillance system in immunocompetent mice. Proc. Natl. Acad. Sci. USA 95,
7556–7561 (1998).

41. Meng, X. et al. Genetic and epigenetic down-regulation of microRNA-212
promotes colorectal tumor metastasis via dysregulation of MnSOD. Gastro-
enterology 145, 426–436.e1-6 (2013).

42. Shi, L. et al. p53-induced miR-15a/16-1 and AP4 form a double-negative
feedback loop to regulate epithelial-mesenchymal transition and metastasis in
colorectal cancer. Cancer Res. 74, 532–542 (2014).

Cheng et al. Cell Death and Disease  (2018) 9:489 Page 13 of 14

Official journal of the Cell Death Differentiation Association

https://doi.org/10.1038/s41419-018-0477-1
https://doi.org/10.1038/s41419-018-0477-1


43. Davalos, V. et al. Dynamic epigenetic regulation of the microRNA-200 family
mediates epithelial and mesenchymal transitions in human tumorigenesis.
Oncogene 31, 2062–2074 (2012).

44. Wu, A. et al. Let-7a inhibits migration, invasion and epithelial-mesenchymal
transition by targeting HMGA2 in nasopharyngeal carcinoma. J. Transl. Med.
13, 105 (2015).

45. Guo, L. et al. Stat3-coordinated Lin-28-let-7-HMGA2 and miR-200-ZEB1 circuits
initiate and maintain oncostatin M-driven epithelial-mesenchymal transition.
Oncogene 32, 5272–5282 (2013).

46. Peter, M. E. Let-7 and miR-200 microRNAs: guardians against pluripotency and
cancer progression. Cell Cycle 8, 843–852 (2009).

47. Carbone, E. et al. HLA class I, NKG2D, and natural cytotoxicity receptors reg-
ulate multiple myeloma cell recognition by natural killer cells. Blood 105,
251–258 (2005).

48. Malmberg, K. J. et al. NK cell-mediated targeting of human cancer and pos-
sibilities for new means of immunotherapy. Cancer Immunol. Immunother. 57,
1541–1552 (2008).

49. Ishigami, S. et al. Prognostic value of intratumoral natural killer cells in gastric
carcinoma. Cancer 88, 577–583 (2000).

50. Coca, S. et al. The prognostic significance of intratumoral natural killer cells in
patients with colorectal carcinoma. Cancer 79, 2320–2328 (1997).

51. Sandel, M. H. et al. Natural killer cells infiltrating colorectal cancer and MHC
class I expression. Mol. Immunol. 42, 541–546 (2005).

52. Cordon-Cardo, C. et al. Expression of HLA-A,B,C antigens on primary and
metastatic tumor cell populations of human carcinomas. Cancer Res. 51,
6372–6380 (1991).

53. Menon, A. G. et al. A basal membrane-like structure surrounding tumour
nodules may prevent intraepithelial leucocyte infiltration in colorectal cancer.
Cancer Immunol. Immunother. 52, 121–126 (2003).

54. Wang, B. et al. Soluble E-cadherin as a serum biomarker in patients with HBV-
related liver diseases. Clin. Biochem. 49, 1232–1237 (2016).

55. Chen, H., Zhang, D., Wang, S., Wang, X. & Yang, C. Significance of correlation
between interferon-gamma and soluble intercellular adhesion molecule-1
and interleukin-17 in hepatitis B virus-related cirrhosis. Clin. Res. Hepatol. Gas-
troenterol. 37, 608–613 (2013).

56. Monzo, M. et al. Overlapping expression of microRNAs in human embryonic
colon and colorectal cancer. Cell Res. 18, 823–833 (2008).

57. Mosakhani, N. et al. MicroRNA profiling predicts survival in anti-EGFR treated
chemorefractory metastatic colorectal cancer patients with wild-type KRAS
and BRAF. Cancer Genet. 205, 545–551 (2012).

58. Makrilia, N., Kollias, A., Manolopoulos, L. & Syrigos, K. Cell adhesion
molecules: role and clinical significance in cancer. Cancer Invest. 27, 1023–1037
(2009).

59. Polyak, K. & Weinberg, R. A. Transitions between epithelial and mesenchymal
states: acquisition of malignant and stem cell traits. Nat. Rev. Cancer 9, 265–273
(2009).

Cheng et al. Cell Death and Disease  (2018) 9:489 Page 14 of 14

Official journal of the Cell Death Differentiation Association


	Repression of let-7a cluster prevents adhesion of colorectal cancer cells by enforcing a mesenchymal phenotype in presence of liver inflammation
	Introduction
	Results
	The inflammatory liver microenvironment prevents colorectal liver metastasis
	IFN-γ may play an important role in determining the lower incidence of CRLM in an inflammatory environment
	There was an inverse correlation between expression of the let-7a cluster and IRF-1 in the liver inflammatory environment
	IRF-1 mediated the IFN-γ/let-7a-1-5p pathway
	Let-7a-1-5p expression levels were related to colorectal cancer liver metastasis in�vivo
	Repression of the let-7a cluster maintained the mesenchymal phenotype of CRC cells and prevented their subsequent settlement in the liver

	Discussion
	Materials and methods
	Animal models
	Cell culture
	RNA extraction and real-time PCR
	Western blot analysis
	Transfection procedure
	ChIP assay
	Dual-luciferase reporter assay system
	H&E stain and IHC staining
	Statistical analysis

	ACKNOWLEDGMENTS




