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promotes the metastasis of colorectal  
cancer via the Fgfbp1-AKT pathway
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Abstract: Type-2 11β-hydroxysteroid dehydrogenase (HSD11B2) is a key enzyme which converts cortisol to inactive 
cortisone and is involved in tumor progression and metastasis. Several studies have shown that the promotion of tu-
mor progression and metastasis by HSD11B2 resulted from its physiological function of inactivating glucocorticoids 
(GC). However, the underlying molecular mechanisms by which HSD11B2 drives metastasis, in addition to inactivat-
ing GC, are still unclear. In our study, a series of in vivo and in vitro assays were performed to determine the func-
tion of HSD11B2 and the possible mechanisms underlying its role in CRC metastasis. mRNA transcriptome array 
analysis was used to identify the possible downstream targets of HSD11B2. We found that the ectopic expression of 
HSD11B2 significantly promoted the migration, invasion and metastasis of colorectal cancer (CRC) cells both in vitro 
and in vivo, while it did not affect their proliferation in either case. Mechanically, HSD11B2 appeared to enhance 
cell migration and invasion by upregulating the expression of fibroblast growth factor binding protein 1 (Fgfbp1), and 
subsequently increasing the phosphorylation of AKT. Furthermore, AKT activation partially mediated the increased 
expression of Fgfbp1 induced by HSD11B2. HSD11B2 expression was positively correlated with Fgfbp1 and p-AKT 
expression in clinical samples of CRC. Additionally, knockdown of either Fgfbp1 or AKT impaired the migration and 
invasion capability of CRC cells with HSD11B2 overexpression, suggesting that HSD11B2 promoted the migration, 
invasion and metastasis of CRC cells via the Fgfbp1-AKT pathway. Therefore, targeting HSD11B2 or Fgfbp1 may be 
a novel treatment strategy for inhibiting the metastasis of CRC.
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Introduction

Colorectal carcinoma (CRC) is the third most 
common malignant tumor and the third leading 
cause of cancer-related mortality in USA [1]. 
Tumor metastasis and relapse are the two main 
causes of CRC-related death in patients [2]. 
Therefore, uncovering new molecular mecha-
nisms underlying metastasis and relapse of 
CRC is still urgently needed to improve its clini-
cal outcomes.

Type-2 11β-hydroxysteroid dehydrogenase (HS- 
D11B2) is a key enzyme which converts 11- 

hydroxy cortisol to the inactive form cortisone 
and participates in the regulation of inflamma-
tion [3], hypertension [4-6], and cancer [7, 8]. In 
addition to acting as an inhibitor of glucocorti-
coids (GC), HSD11B2 may also promote tumor 
progression in certain cancers. It is reported 
that HSD11B2 is essential for colon- and lung 
carcinogenesis by relieving GC-mediated cyclo-
oxygenase-2 (COX-2) inhibition [8, 9]. HSD11B2 
promotes the proliferation of HCC cells by inhib-
iting GC-mediated gluconeogenesis [7]. In a 
previous study, we found that IL13, an upstream 
effector, induced the expression of HSD11B2 
through binding with IL-13Rα2, subsequently 
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promoting the activation of the AKT pathway 
[10]. However, the specific molecular mecha-
nism by which HSD11B2 promotes AKT activa-
tion remains unclear. Whether the promotion of 
CRC formation or metastasis by HSD11B2 is 
independent of GC inactivation still needs to be 
investigated further.

In this study, we found that HSD11B2 overex-
pression had little effect on the proliferation of 
CRC cells, while it promoted their invasiveness 
and metastasis in vitro and in vivo. Furthermore, 
HSD11B2 enhanced the cells’ migration and 
invasion capacity by upregulating the expres-
sion of Fgfbp1, thus increasing the phosphory-
lation of AKT. In addition, we confirmed that 
HSD11B2 was positively correlated with the 
expression of Fgfbp1 and p-AKT in clinical sam-
ples of CRC. Our results presented here might 
represent a new molecular mechanism by 
which HSD11B2 drove metastasis of CRC.

Materials and methods

Ethics statement 

The study was conducted in accordance with 
the declaration of Helsinki and approved by the 
medical ethics committee of Tongji Hospital, 
Huazhong University of Science and Technolo- 
gy, China. Written informed consent for data 
analysis was obtained from all patients before 
surgery.

Cell lines, CRC tissues and reagents

Mouse colon adenocarcinoma cell lines MC38 
and CT26 were gifts from the Division of He- 
matology and Oncology, Department of Me- 
dicine, UAB Comprehensive Cancer Center, 
University of Alabama at Birmingham, Bir- 
mingham, AL, USA. The cells were cultured in 
Dulbecco’s modified Eagle’s medium (Invitro- 
gen Corporation, Carlsbad, CA, USA) supple-
mented with 10% fetal bovine serum (Life 
Technologies Inc., Gibco/Brl Division, Grand 
Island, NY, USA) in a humidified atmosphere 
comprising 5% CO2 at 37°C. The CRC tissues 
were a gift from cancer research institute, 
tongji hospital, Huazhong University of Science 
and Technology, wuhan, China.

LY294002 was purchased from Cayman 
Chemical Company (Ann Arbor, MI, USA).

Cell viability assays

Cell viability was determined using the Cell 
Counting Kit-8 (CCK-8) (Beyotime Institute of 
Biotechnology, China) according to the manu-
facturer’s instructions. The indicated numbers 
of cells (counted using a Cellometer Mini, 
Nexcelom Bioscience, Massachusetts, USA) 
were seeded into 96-well plates, and cultured 
for 5 days with replacement of the culture 
medium every 2 days. An aliquot comprising 
100 µl of Cell Counting Kit-8 solution was 
added to each well and incubated for 1 h, fol-
lowed by measuring the absorbance value at 
450 nm (Elx800; BioTek Instruments, Inc., 
Winooski, VT, USA). For the colony formation 
assay, the indicated numbers of cells were plat-
ed into 6-well plates and the medium was 
replaced every 2 days. After 14 days, the plates 
were fixed with 4% formaldehyde, stained with 
1% crystal violet (Sigma-Aldrich, USA) and pho-
tographed. Colonies were counted and ana-
lyzed using the Alpha Innotech Imaging system 
(Alphatron Asia Pte. Ltd., Singapore).

Transwell assays

For the transwell assays, the indicated tumor 
cells in 0.1 mL serum-free medium were seed-
ed into the 8 µm insert (upper chamber) of a 
transwell chamber (Corning Costar, NY, USA). 
The lower chamber was filled with 0.5 mL medi-
um containing 10% FBS. After 24 h, migrated 
cells were stained with 0.5% crystal violet and 
the number of cells was counted per high field 
(×100) under a Nikon optical microscope. The 
transwell chamber inserts were pre-coated 
with matrigel (BD Biosciences, NJ, USA) if cell 
invasion assays were performed. After 24-48 
hours, the invaded cells were counted the same 
way as in the migration assay.

RNA interference

RNA interference was used to knock down AKT 
and Fgfbp1. CRC cells were seeded into each 
well of a 6-well plate. Next day, the cells in each 
well were transfected with 5 µl of siRNA oligo 
(20 μM) plus 3.75 µl lipofectamine 3000 for 24 
or 48 h. Cells were re-digested and subjected 
to indicated assays. The target sequences of 
siRNA are listed in Table S1.

Microarray analysis

Expression of coding mRNAs was performed 
and analyzed by Shanghai OE Biotech. Ltd. 
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Human Profiler PCR Array was performed as 
described previously [11]. Total RNA was 
extracted from MC38 cells with or without 
HSD11B2 overexpression and quantified using 
a NanoDrop ND-2000 (Thermo Fisher Scientific, 
USA). The RNA integrity was assessed using an 
Agilent Bioanalyzer 2100 (Agilent Technologies). 
Sample labeling, microarray hybridization and 
washing were performed based on the manu-
facturer’s standard protocols. The Agilent Sure 
Print G3 Mouse GE V2.0 Microarray (8×60 K, 
Design ID:074809) was used in this experiment 
and GeneSpring (version14.8, Agilent Tech- 
nologies) was employed to conduct the basic 
analysis of the raw data. Differentially ex- 
pressed genes were then identified according 
to the fold changes as well as P values calcu-
lated using the t-test. The threshold for up- and 
downregulated genes was a fold change ≥2.0 
and a P value<0.05.

RT-PCR

The indicated primers used in the study as list-
ed in Table S2. The Ct values of the indicated 
genes were normalized to those of the internal 
control GAPDH. Relative expression was calcu-
lated using the 2-ΔΔCt method. Each experiment 
was repeated three times. 

Western blot analysis 

Western blot was performed as described pre-
viously [12, 13]. The primary antibodies and 
their sources were as follows: HSD11B2 (cay-
man NO.10004549), Flag (proteintech 20543-
1-AP), GAPDH (KC-5G4; KangChen Bio-tech, 
Inc., Shanghai, China), phospho-Akt (Ser473) 
(D9E), AKT (C67E7), ERK (137F5), phospho-
ERK (D13.14.4E), p38 (D13E1), phospho-p38 
(3D7), phospho-JNK (Thr183/Tyr185), JNK (ab- 
110724; Epitomics), phospho-GSK-3β (Ser9) 
(D3A4), GSK-3β (D75D3), Fgfbp1 (Proteintech, 
25006-1-AP). 

Animal studies

Xenograft tumorigenicity assays were per-
formed as described previously [14]. All in vivo 
studies were performed in compliance with the 
National Institutes of Health guidelines (NIH 
publication 86-23, revised 1985) and approved 
by the Committee on the Ethics of Animal 
Experiments of Tongji Medical College, Hua- 
zhong University of Science and Technology. 

For the lung metastasis assay, mice were 
injected intravenously with 5×105 MC38 cells 
suspended in serum-free medium via the later-
al tail vein. All mice were sacrificed after 6-8 
weeks and the lung tissues were removed and 
fixed in 4% phosphate-buffered neutral forma-
lin for 72 h. Then, the lungs with metastases 
were longitudinally sectioned every 0.5 mm, so 
that approximately 20 slices could be cut for 
each lung. Macro-metastatic nodules were 
quantified after H&E staining.

Statistical analysis 

The data were analyzed using GraphPad Prism 
5.0 (GraphPad Software; San Diego, CA, USA). 
All experiments were performed independently 
at least three times, and the results were pre-
sented as the mean ± SD or mean ± SEM. 
Quantitative data were compared using the 
two-tailed Student’s t-test or analysis of vari-
ance (ANOVA) with the Tukey-Kramer multiple 
comparisons test. A two-tailed P-value <0.05 
was considered to indicate statistical signifi-
cance for all tests.

Results

Overexpression of HSD11B2 has little effect 
on CRC cells

We wanted to investigate the effect of HSD11B2 
knockdown or overexpression on the prolifera-
tion and metastasis of CRC cells in vitro and in 
vivo. Firstly, we constructed stable HSD11B2 
overexpression and knockdown cell lines. We 
designed seven siRNAs targeting the HSD11B2 
CDS or 3’-UTR. Unfortunately, none of them 
could knock down the expression of HSD11B2 
(data not shown). MC38 and CT26 cells were 
stably transfected with an HSD11B2 expres-
sion construct and an empty control, resulting 
in the HSD2 and VEC (Vector control) stable 
expression lines, respectively. RT-PCR and 
western blot analysis were performed to vali-
date the effect of overexpression (Figure S1A). 
The CCK8 and colony formation assays showed 
that HSD11B2 overexpression had little effect 
on cell proliferation or colony formation in both 
CT26 and MC38 cells (Figure S1B and S1C). 
Moreover, HSD11B2 overexpression did not 
affect cell proliferation in vivo (Figure S1D). 
Overall, these results reveal that HSD11B2 
overexpression does not affect the prolifera-
tion of CRC cells either in vitro or in vivo.
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Overexpression of HSD11B2 promotes the mo-
bility and metastasis of CRC cells in vitro and 
in vivo

We performed transwell assays to test the 
effect of HSD11B2 overexpression on CRC cell 
mobility. These results showed that overexpres-
sion HSD11B2 either in CT26 cells or MC38 
cells enhanced the migration and invasion abil-
ity compared to the VEC group (Figure 1A and 
1B). Moreover, the ectopic lung metastasis 
assay revealed a significantly higher number of 
macro-metastatic nodules in the MC38-HSD2 
injection group compared to the MC38-VEC 
group (Figure 1C). Taken together, these data 

we found that LY294002 treatment significant-
ly decreased the migration and invasion capac-
ity of CT26-HSD2 and MC38-HSD2 cells (Figure 
2C and 2D). Then, we used siRNA targeting AKT 
to silence its expression, subsequently reduc-
ing the phosphorylation of AKT (Figure 2E). 
Similarly, AKT silencing significantly impaired 
the migration and invasion capacity of CT26-
HSD2 and MC38-HSD2 cells (Figure 2F and 
2G). These results suggest that the AKT activa-
tion mediates the HSD11B2-induced CRC cells 
migration and invasion.

To further investigate whether the pro-invasive 
features of HSD11B2 was related to its physio-

Figure 1. HSD11B2 promotes the mobility and metastasis of CRC cells in 
vitro and in vivo. A, B. HSD11B2 overexpression enhanced migration and 
invasion of CT26 and MC38 cells in the transwell assay. Representative im-
ages were shown (left panel) and statistical comparisons of the indicated 
groups were performed (right panel). Scale bar: 300 μm. C. Representative 
images of lung metastases derived from the indicated cells were shown in 
the left panels; the proportion of macro-metastatic nodules in the lungs was 
calculated as shown in the right panels. The data presentedas mean ± SD 
or mean ± SEM from three independent experiments. NS: P≥0.05, *P<0.05, 
**P<0.01, ***P<0.001.

confirm that HSD11B2 pro-
motes the mobility and metas-
tasis of CRC cells in vitro and 
in vivo.

Previous researches indicate 
epithelial-mesenchymal tran-
sition (EMT) is closely corre-
lated with increasing tumor 
cells mobility [15]. Thus, we 
wanted to investigate whether 
HSD11B2-induced cell mobili-
ty was result from EMT. Our 
findings revealed that the EMT 
markers (such as E-cadherin, 
N-cadherin, ZEB2, Vimentin) 
and MMP2 were not signifi-
cantly changed in response  
to HSD11B2 overexpression 
(Figure S2).

HSD11B2 induces cell mobil-
ity in CRC cells by AKT activa-
tion

Consistent with our previous 
report [10], we found that 
HSD11B2 promoted the phos-
phorylation of AKT at serine 
473 (Figure 2A), while other 
signaling pathways (including 
p-GSK3β and MAPK) were not 
changed (Figure S3). To fur-
ther investigate whether AKT 
activation mediated HSD11- 
B2-induced cell migration and 
invasion, we used the PI3K 
inhibitor LY294002 to block 
HSD11B2-induced phosphor-
ylation of AKT (Figure 2B), and 
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logical function, we re-treated MC38-HSD11B2 
overexpression cells with hydrocortisone (ac- 
tive cortisol) at different doses. Our findings 
revealed that hydrocortisone had little effect 
on the capacity of migration and invasion and 

phosphorylation of AKT in MC38 cells with 
HSD11B2 overexpression (Figure S4). These 
results suggest that HSD11B2 promotes inva-
sion and metastasis in CRC independent on its 
enzyme activity.

Figure 2. HSD11B2 induces cell mobility in CRC cells by AKT activation. A. The indicated signaling pathways were 
affected by HSD11B2 overexpression in CT26 and MC38 cells. B. The indicated cell lines were treated with the PI3K 
inhibitor LY294002 or left untreated for 24 h; western blot was used to determine the levels of p-AKT, AKT, and 
GAPDH. C. The PI3K inhibitor LY294002 reversed HSD11B2-induced cell migration and invasion in the indicated 
cell lines. Scale bar: 300 μm. D. Statistical comparisons of the indicated groups were performed. E. The indicated 
cell lines were treated with siRNA targeting AKT for 48 h, and western blot was used to determine the levels of AKT, 
p-AKT and GAPDH. F. AKT silencing reversed HSD11B2-induced cell migration and invasion of the indicated cell 
lines. Scale bar: 300 μm. G. Statistical comparisons of the indicated groups were performed. The data presented as 
mean ± SD from three independent experiments. LY294002 was indicated as LY in the figure. NS: P≥0.05, *P<0.05, 
**P<0.01, ***P<0.001.
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Figure 3. HSD11B2 up-regulates the expression of Fgfbp1 via AKT activation. A. Heat-map showing the representa-
tive 40 genes modulated by HSD11B2 overexpression in MC38 cells. B. Scatter plot showing the differentially ex-
pressed genes regulated by HSD11B2 overexpression. C. RT-PCR was used to detect the expression of the indicated 
genes in MC38 cells. D. HSD11B2 induced the expression of Fgfbp1 in the indicated cell lines. E. The PI3K inhibitor 
LY294002 or AKT silencing reduced the expression of Fgfbp1 in the indicated cell lines. F. Fgfbp1 and p-AKT expres-
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HSD11B2 upregulates the expression of 
Fgfbp1 via AKT activation

To investigate the molecular mechanism th- 
rough which HSD11B2 was associated with 
CRC metastasis, we used the Human Profiler 
PCR Array to detect its possible downstream 
target. After performing this array-based analy-
sis, we found 49 genes that were downregulat-
ed and 54 genes that were upregulated after 
HSD11B2 overexpression (Figure 3A and 3B). 
We then selected 13 genes with clear functions 
and maybe related to AKT activation for verifi-
cation. We found that only Fgfbp1 was signifi-
cantly upregulated in response to HSD11B2 
overexpression in both CT26 and MC38 cells 
(Figures 3C and S5). Then, we performed west-
ern blot analysis to determine the expression of 
Fgfbp1 after HSD11B2 overexpression. As 
shown in Figure 3D, Fgfbp1 was significantly 
induced by HSD11B2 overexpression. To inves-
tigate whether the induction of Fgfbp1 expres-
sion by HSD11B2 was due to AKT activation, we 
used the PI3K inhibitor LY294002 and siRNA 
targeting AKT to block the phosphorylation of 
AKT. We found that Fgfbp1 expression induced 
by HSD11B2 was significantly decreased after 
the inhibition of AKT activation (Figure 3E). In 
addition, IHC assays revealed that HSD11B2-
expressing metastatic lesions expressed high-
er levels of p-Akt and Fgfbp1 than VEC group 
(Figure 3F).

These results suggest that HSD11B2 induces 
Fgfbp1 expression partially through AKT ac- 
tivation.

Fgfbp1 promotes migration, invasion and AKT 
activation in CRC cells 

We next investigated the function of Fgfbp1 in 
CRC cells using in vitro assays. First, we used 3 
siRNAs targeting Fgfbp1 to knock down its 
expression. As shown in Figure 4A, Fgfbp1 was 
significantly reduced after treatment with siRNA 
for 48 hours. The CCK8 and colony formation 
assays showed that Fgfbp1 knockdown had lit-
tle effect on cell proliferation or colony forma-
tion in both CT26 and MC38 cells (Figure 4B 
and 4C). Then, we performed transwell assays 
to test the effect of Fgfbp1 knockdown on CRC 

cells mobility. We found that Fgfbp1 silencing 
significantly impaired the migration and inva-
sion ability of CT26 and MC38 cells (Figure 4D 
and 4E). As demonstrated above, AKT activa-
tion was partially responsible for Fgfbp1 induc-
tion. We next wanted to investigate whether 
Fgfbp1 could also promote AKT activation. As 
shown in Figure 4F, we found that the phos-
phorylation of AKT was significantly reduced 
after Fgfbp1 silencing, while other signaling 
pathways (including the p-GSK3β and MAPK 
pathways) were not changed (Figure 4F). The 
evidence suggests that there is a positive regu-
latory feedback between AKT and Fgfbp1. 
Thus, these results indicate that Fgfbp1 pro-
motes migration, invasion and AKT activation in 
CRC cells.

Fgfbp1 mediates HSD11B2-induced migration, 
invasion and AKT activation in CRC cells

To demonstrate whether HSD11B2-induced Fg- 
fbp1 upregulation was critical for the enhance-
ment of CRC cell migration and invasion by 
HSD11B2, endogenous Fgfbp1 was knocked 
down in CT26 and MC38 cells, in which exoge-
nous HSD11B2 was overexpressed (Figure 5C). 
The transwell assay showed that Fgfbp1 knock-
down significantly impaired the migration and 
invasion ability of CT26 and MC38 cells, in whi- 
ch exogenous HSD11B2 was overexpression 
(Figure 5A and 5B). Moreover, HSD11B2-in- 
duced AKT activation was inhibited after Fgfb- 
p1 silencing (Figure 5C). These results suggest 
that Fgfbp1 mediates the HSD11B2-induced 
migration, invasion and AKT activation in CRC 
cells.

HSD11B2 is overexpressed and positively cor-
related with Fgfbp1 and p-AKT in CRC tissues

To determine the expression of HSD11B2, 
Fgfbp1 and p-AKT expression in CRC, we mea-
sured the expression of these three proteins in 
29 paired CRC tissues and corresponding adja-
cent non-tumor tissues by western blot. We 
found that HSD11B2, Fgfbp1 and p-AKT were 
all upregulated in CRC tissues (Figure 6A and 
6B). Further, to investigate the correlation be- 
tween HSD11B2 and Fgfbp1 or p-AKT in clinical 
samples of CRC, we analyzed the expression of 

sion were examined by IHC in HSD11B2-expressing metastatic lesions and VEC group. Scale bar: 50 μm. The data 
presented as mean ± SD from three independent experiments. NS: P≥0.05, *P<0.05, **P<0.01, ***P<0.001.
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Figure 4. Fgfbp1 promotes migration, invasion and AKT activation in CRC cells. A. Western blot was used to detect 
the efficiency of knockdown for Fgfbp1. B. The indicated cell lines were treated with siRNA against Fgfbp1 for 24 
hours and then subjected to the CCK-8 assay. C. The indicated cell lines were treated with siRNA against Fgfbp1 
for 24 hours and then subjected to the colony formation assay. D. The indicated cell lines were treated with siRNA 
against Fgfbp1 for 24 hours and then subjected to the transwell assay. Scale bar: 300 μm. E. Statistical compari-
sons of the indicated groups were performed. F. The indicated cell lines were treated with siRNA against Fgfbp1 for 
48 hours and then subjected to western blot for detecting the indicated proteins. The data presented as mean ± SD 
from three independent experiments. NS: P≥0.05, *P<0.05, **P<0.01, ***P<0.001.
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HSD11B2, Fgfbp1 and p-AKT by western blot in 
29 pairs CRC samples. The results showed that 
expression of HSD11B2 was positively corre-
lated with Fgfbp1 expression (r=0.579, P= 
0.001, Pearson correlation) and p-AKT expres-
sion (r=0.478, P=0.008, Pearson correlation) in 
CRC samples (Figure 6C). In addition, our find-
ings indicated that Fgfbp1 expression was also 
closely correlated with p-AKT expression (P= 
0.528, P=0.003, Pearson correlation) (Figure 
6C). Taken together, these results suggest that 
HSD11B2-Fgfbp1-p-Akt pathway may also exist 
in CRC clinical samples.

Discussion

In this study, we found that the ectopic expres-
sion of HSD11B2 significantly promoted the 
migration, invasion and metastasis of CRC cells 
in vitro and in vivo, while it did not affect their 
proliferation in either case. Mechanically, HS- 
D11B2 appeared to promote cell migration and 

hydrogenase that converts active cortisol to 
inactive cortisone [3]. Thus, HSD11B2 has con-
ventionally been regarded as a regulator of the 
physiological effects of GC at the cellular level, 
and it is found to be involved in metabolic dis-
eases including type 2 diabetes, cardiovascular 
disease, non-alcoholic fatty liver disease and 
cancer [4]. In pituitary tumors, HSD11B2 mRNA 
presented higher expression than that in adja-
cent non-tumor tissues [17]. Furthermore, glyc-
yrrhetinic acid (GA), as an HSD11B2 inhibitor, 
significantly suppressed the proliferation of 
pituitary tumor cells [17]. In HCC, HSD11B2 
knockdown markedly inhibited the tumor 
growth in vivo [7]. In our study, however, we 
found that HSD11B2 overexpression had no 
effect on cell proliferation either in vitro or in 
vivo, while it promoted migration, invasion and 
metastasis of CRC cells in both cases. A signifi-
cant limitation of our study was the failure to 
knock down HSD11B2 expression, and we 
could not conclude whether this knockdown 

Figure 5. Fgfbp1 mediates HSD11B2-induced cell migration invasion and 
AKT activation in CRC cells. A. CT26 and MC38 cells with HSD11B2 overex-
pression were treated with Fgfbp1 siRNA for 24 hours. Then, the indicated 
cell lines were subjected to transwell assays (the upper panel). Scale bar: 
300 μm. B. Statistical comparisons of the indicated groups were performed. 
C. CT26 and MC38 cells with HSD11B2 overexpression were treated with 
Fgfbp1 siRNA for 48 hours. Western blot was performed to detect the indi-
cated proteins. NS: P≥0.05, *P<0.05, **P<0.01, ***P<0.001.

invasion by upregulating the 
expression of Fgfbp1, subse-
quently increasing the phos-
phorylation of AKT. Moreover, 
AKT activation appeared to 
partially mediate the increas- 
ed expression of Fgfbp1 in- 
duced by HSD11B2. Knocking 
down either Fgfbp1 or AKT 
impaired the migration and 
invasion ability of CRC cells 
with HSD11B2 overexpres-
sion. Furthermore, HSD11B2 
expression was positively cor-
related with Fgfbp1 or p-AKT 
expression in clinical samples 
of CRC. Therefore, these data 
indicate that HSD11B2 may 
promote invasion and metas-
tasis of CRC cells through the 
Fgfbp1-AKT pathway, which is 
independent of its dehydroge-
nase activity.

The human HSD11B2 gene is 
located on chromosome 16q- 
22 and comprises five exons 
with a total length of approxi-
mately 6 kb [3, 16]. The gene 
encodes a protein of 405 
amino acids which is a mem-
ber of the SDR family [3]. 
HSD11B2 is a high-affinity de- 
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had similar effect on CRC cells proliferation, 
migration, invasion and metastasis.

In our previous study, we found that IL13 
induced the expression HSD11B2 and GA (as 
an HSD11B2 inhibitor) impaired IL13-induced 
AKT activation in CT26 and SW480 cells [10]. 
Based on the evidence, we proposed that 

HSD11B2 was a critical mediator of IL13-in- 
duced AKT activation. Consistent with our spe- 
culation, overexpression of HSD11B2 increased 
the phosphorylation of AKT at serine 473. In 
various cancers, the AKT signaling pathway is 
hyper-activated and promotes tumor progres-
sion and metastasis [18, 19]. Therefore, we 
wanted to test whether HSD11B2-induced 

Figure 6. The expression of HSD11B2 is positively correlated with Fgfbp1 and p-AKT in CRC samples. A. The protein 
expression of HSD11B2, Fgfbp1 and p-AKT were examined in 29 pairs of CRC tumor tissues (T) and corresponding 
adjacent non-tumor tissues (N) (n=29). B. Expression levels of HSD11B2, Fgfbp1 and p-AKT in CRC tumor tissues 
(T) and adjacent non-tumor tissues were shown. C. Correlations analysis for HSD11B2 relative to level of Fgfbp1 and 
p-AKT, and Fgfbp1 expression relative to level of p-AKT. NS: P≥0.05, *P<0.05, **P<0.01, ***P<0.001.



HSD11B2 promoted CRC metastasis

672 Am J Cancer Res 2020;10(2):662-673

migration and invasion was mediated by AKT 
activation. Indeed, we found that reducing AKT 
phosphorylation by treatment with LY294002 
or AKT knockdown could impair migration and 
invasion of CRC cells induced by HSD11B2. 
These results suggest that HSD11B2 induces 
cell mobility in CRC cells by AKT activation. It is 
widely recognized that HSD11B2 converts 
active cortisol to the inactive form cortisone 
[3]. The physiological function of HSD11B2 is 
also involved in tumor progression in some con-
text [7, 8]. However, our findings indicated that 
the enzyme activity of HSD11B2 was not essen-
tial for tumor metastasis and AKT activation in 
CRC.

Most studies in the past have suggested that 
HSD11B2 promoted tumor progression and 
metastasis due to its physiological function of 
inactivating GC [7-9]. HSD11B2 knockdown in 
HCC activated GC, which contributed to the 
increase of gluconeogenesis and loss of gly-
colysis, eventually leading to tumor cell death 
[7]. In colorectal cancer and lung cancer, 
HSD11B2 inhibition selectively blocked COX2-
mediated PGE2 expression by increasing the 
levels of active GC [8, 9]. However, we conjec-
tured that HSD11B2 may rely on other cancer-
promoting mechanisms in addition to inactivat-
ing GC. In order to verify our hypothesis, Fgfbp1 
was identified as a downstream target of 
HSD11B2 by microarray analysis. In clinical 
samples of CRC, HSD11B2 was also positively 
correlated with Fgfbp1 expression. However, 
the molecular mechanism by which HSD11B2 
drove the expression of Fgfbp1 required further 
investigation. Fgfbp1 is a secreted chaperone 
that mobilizes paracrine-acting FGFs stored in 
the extracellular matrix, and presents them to 
their cognate receptors [20]. Fgfbp1 promotes 
cancer progression and metastasis by enhanc-
ing FGF signaling, including angiogenesis [20, 
21]. Fgfbp1 knockdown reduces the phosphor-
ylation of AKT in CRC cells [22]. In our study, we 
found that knocking down Fgfbp1 inhibited cell 
migration, invasion and AKT phosphorylation in 
CRC cells. Therefore, Fgfbp1 may also be an 
ideal therapeutic target for the treatment of 
CRC metastasis. In addition, we found that AKT 
activation partially mediated the upregulation 
of Fgfbp1 induced by HSD11B2. This suggests 
that there is a positive feedback loop between 
p-AKT and Fgfbp1. Further studies showed that 
knocking down Fgfbp1 impaired the migration 
and invasion ability, as well as reduced the 
phosphorylation of AKT induced by HSD11B2 

overexpression. Taken together, the evidence 
suggests that Fgfbp1 mediates HSD11B2-
induced migration, invasion and AKT activation 
in CRC. 

In conclusion, we have demonstrated that 
HSD11B2 promotes migration, invasion and 
metastasis of CRC cells via the Fgfbp1-AKT 
pathway. Therefore, targeting HSD11B2 or Fg- 
fbp1 may be an ideal treatment strategy for 
inhibiting CRC metastasis.
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Table S1. Information of siRNA target se-
quences used in this study
Genes Primers Sequences
Fgfbp1 siRNA#1 TCAGAAAGAGAGCCAAGAA

siRNA#2 CCCAACTGACTGCCTTAAA
siRNA#3 GGAACGCCAAGAGTGTCTT

AKT siRNA#1 GCTACTTCCTCCTCAAGAA
siRNA#2 CGTGAGGCTCCCCTCAACA
siRNA#3 ACGAGTTTGAGTACCTGAA

Table S2. Information of RT-PCR primers used in this 
study
Genes Primers Sequences
HSD11B2 Forward primers GCCCTAGAACTGCGTGACC 

Reverse primers AGAACACGGCTGATGTCCTCT 
Fgfbp1 Forward primers TGGCTACTCAGGCGTTCTCA

Reverse primers CGTCAGAGATTTAGATGTCCTGC 
Ptx3 Forward primers CGCAGGTTGTGAAACAGCAAT 

Reverse primers GGGTTCCACTTTGTGCCATAAG
Magohb Forward primers AGTTTTTGGAGTTCGAGTTTCGG 

Reverse primers AATGTGTTCATCCCCAATTACGA 
Tmem140 Forward primers GCCCTGTGCCTGATGTTCTAC 

Reverse primers GCCCATGTCCTCCTTCCAC
HK3 Forward primers TGCTGCCCACATACGTGAG 

Reverse primers GCCTGTCAGTGTTACCCACAA
C2cd3 Forward primers GAGTGACATTTCACCGTCTACAA 

Reverse primers CTTCGCAATCTTCCATACAACCT 
Rec114 Forward primers TGGTCGCTTCATGCTCTTGG 

Reverse primers AAGACTCCCGGATTCTTCACT 
Gucy2d Forward primers CTCTGTGGTATTTTGGAGTGTCC

Reverse primers GTGAGGCATCCTGATTAACTTGA
Tlx2 Forward primers CTCCTTGCCTAGAGGCTCG

Reverse primers TATGCGACGTGTCCCAGAGAA
Tnf Forward primers CAGGCGGTGCCTATGTCTC

Reverse primers CGATCACCCCGAAGTTCAGTAG
Astl Forward primers CTGAGGGAAGCCCGGTATTTC

Reverse primers GCCGGATAATGTCCCCTTCT
Hoxb1 Forward primers ACCCACTTTGTAACCGGGGA

Reverse primers CCCCTGCGTAGCTGTCAAC 
Agt Forward primers ATGCACAGATCGGAGATGACT 

Reverse primers CATGCAGGGTCTTCTCATTCAC
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Figure S1. HSD11B2 overexpression has little effect on CRC cells. A. RT-PCR and western blot were used to deter-
mine the overexpression efficiency. B. The indicated CRC cell lines were subjected to the CCK-8 assay. C. The indi-
cated CRC cell lines were subjected to colony formation assays. Representative images were shown (left panel) and 
statistical comparisons of the indicated groups were performed (right panel). D. Subcutaneous tumors composed of 
the indicated cells were shown in the left panels. Tumor weight was shown in the middle panels. Tumor volume was 
shown in the right panels. The data represent the mean ± SD or mean ± SEM from three independent experiments. 
NS: P≥0.05, *P<0.05, **P<0.01, ***P<0.001.
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Figure S2. HSD11B2 overexpression does not affect EMT process.

Figure S3. HSD11B2 overexpression has little effect on MAPK signaling pathway.
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Figure S4. HSD11B2 overexpression promotes CRC cells migration, invasion and AKT activation independent on its 
enzyme activity. HY is indicated as hydrocortisone.

Figure S5. RT-PCR is used to detect the expression of the indicated genes in CT26 cells.


