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UCHL3 promotes proliferation of colorectal cancer cells 
by regulating SOX12 via AKT/mTOR signaling pathway
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Abstract: Objective: The dysregulation of deubiquitinating enzymes is important in the development of many can-
cers, including colorectal cancer (CRC). However, the precise function and potential mode of action of the deubiq-
uitinating enzyme UCHL3 in CRC progression are poorly elucidated. Methods: The expression levels of UCHL3 in 
patient samples were analyzed by western blotting, real-time PCR and immunohistochemistry and its association 
with overall survival was analyzed using Kaplan-Meier method. Colony formation, CCK-8 and Transwell were used to 
examine the effects of UCHL3 knockdown or over-expression on CRC cells growth, invasion and migration. The func-
tional effects of UCHL3 and SOX12 on tumor growth were further examined using xenograft tumor mouse models in 
vivo. Results: Here, we found high expression of UCHL3 in CRC tissues which showed an association with the devel-
opment of tumor and CRC patient survival. Studies conducted in vitro showed that UCHL3 overexpression facilitates 
proliferation, invasion, migration, and EMT (epithelial-mesenchymal transition) in cells of CRC, and a knockdown of 
UCHL3 had a reverse effect. Likewise, experiments conducted in vivo also showed enhanced tumor growth due to 
UCHL3 overexpression. In addition, UCHL3 was found regulates SOX12 expression in CRC cells. PI3K/AKT/mTOR 
pathway is required for UCHL3-mediated SOX12 expression. Mechanically, UCHL3 regulates SOX12 via AKT/mTOR 
signaling pathway and facilitated tumor progression. Conclusion: UCHL3 plays an oncogenic role through the AKT/
mTOR/SOX12 axis and can be considered as a potential target for therapy and CRC prognostic biomarker.
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Introduction

The worldwide annual incidence of CRC (co- 
lorectal cancer) is nearly 1.4 million cases, a 
common cause of malignant tumors, and ranks 
the second in deaths due to cancer [1, 2]. Whi- 
le there have been significant improvements 
made in treatment of CRC, its prognosis in 
patients is poor because of a dearth of ef- 
fective targets for treatment [3]. While several 
CRC signaling pathways and aberrant gene 
expression have been discovered, its process 
of occurrence and development is not yet  
completely elucidated [4, 5]. Therefore, it is 

important to look for novel molecular markers 
for enhanced prognosis, risk assessment and 
treatment of CRC patients. 

Ubiquitination is a crucial posttranslational 
modification that has pivotal protein-regulatory 
functions [6, 7]. This biological process is criti-
cally regulated by deubiquitinating enzymes 
(DUBs) [8]. UCHL3 (Ubiquitin carboxyl-terminal 
hydrolase L3; EC 3.4.19.12), a member of UCL 
subfamily, is an important DUB [9, 10]. UCHL3 
was found upregulated in breast cancer, besi- 
des its recent identification as a novel media- 
tor of DNA repair [11]. The precise biological 
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roles and potential molecular mechanism un- 
derlying UCHL3’s involvement in human malig-
nancies, including CRC, remains unknown.

The transcription factors belonging to the sex-
determining region Y-box (SOX) family are con-
firmed to regulate decisions of cell fate and 
possess the high mobility group (HMG) box,  
a characteristic homologous sequence [12]. 
Twenty SOX genes are encoded by the human 
genome, based on the presence of other stru- 
ctural motifs and homology within the HMG 
domain, they are categorized into subgroups  
A to H [13]. SOX4, SOX11 and SOX12 are pro-
teins of the SOXC group, and play a vital part  
in processes of neuronal, mesenchymal, and 
cardiac development [14]. Interestingly, the 
upregulation of SOX4, SOX11, and SOX12 was 
observed in various cancers in humans and 
participate in the initiation and development  
of cancer [14]. SOX11 was found to promote 
interactions in the tumor-protective microenvi-
ronment and stalls the differentiation of ter- 
minal B cells in aggressive lymphoma of the 
mantle cell [15]. Recently, SOX12 was identi-
fied as a possible target in AML (acute myeloid 
leukemia) and as a HCC (hepatocellular carci-
noma) stem-like cell marker [16-18]. Thus, 
while SOXC proteins are implicated as master 
cancer occurrence and metastasis regulators, 
the functional role and expression of SOX12 in 
human CRC is still elusive. A previously study 
indicated that UCHL3 as a potential oncoge- 
ne, showing that UCHL3 maintains cancer 
stem-cells properties [19]. All SOX genes dis-
play specific expression patterns and have key 
roles in stem cell maintenance and cell-fate 
determination during development [20, 21]. 
Therefore, in the current study, we tested the 
hypothesis that SOX12 regulates the oncoge- 
ne function of UCHL3 in CRC cells.

In the current study, CRC and normal tissues 
were examined for UCHL3 expression, the rela-
tionship between UCHL3 and the patient prog-
nosis was evaluated, as well as the direct role 
of UCHL3 in CRC growth was assessed, fol-
lowed by the exploration of the inherent molec-
ular mechanism. 

Materials and methods

Tissue samples 

Between 2014 and 2016, CRC tissues along 
with adjacent paired normal tissues were ac- 

quired from The First People’s Hospital of 
Shenyang. The Biomedical Ethics Committee  
of The First People’s Hospital of Shenyang  
consented to this study and the patients 
informed about the procedures to obtain their 
consent. 

Cell lines and culture

The ATCC (VA, USA) provided the cell lines of 
human CRC (Lim1215, DLD1, SW48, HCT116, 
SW620, and SW480), which were maintain- 
ed in DMEM with fetal bovine serum (10%) at 
37°C in an atmosphere with CO2 (5%). 

Transfection

The procurement of UCHL3 (LV-Flag UCHL3-
Puromycin), UCHL3-shRNA (LV-UCHL3-shRNA-
Puromycin, sh UCHL3-#1: CAGGGACAAGAUGU- 
UACAUCA and sh UCHL3-#2: UAGAAGUUUGCA- 
AGAAGUUUA), and viruses to be used as nega-
tive control were acquired from Genechem Co. 
Ltd. (China). Viruses were produced by trans-
fecting the HEK293T cells with the UCHL3 or 
UCHL3-shRNA plasmids and three helper plas-
mids (pVSVg, RRE and REV). To create stable 
cell lines, cells were seeded into medium con-
taining serial dilutions of LV and cells were in- 
cubated for 48 hours. For the selection of 
transduced cells, 2 mg/mL puromycin (Sigma) 
was added to the growth medium, and cells 
were maintained under this condition.

Immunohistochemistry (IHC)

IHC was carried out as described previously 
[22, 23]. In brief, after the previous steps, incu-
bation of slides was done along with primary 
antibodies, and then with HRP labeled second-
ary antibody. The images of three representa-
tive fields were taken at × 100 (high-power) 
magnification using ZEN 2012 software (blue 
edition). For each image captured, identical set-
tings were used. Image J software (NIH, USA) 
was used for densitometric determinations. 

Cell proliferation

The cell proliferation assay was carried out 
using the CCK-8 kit (Sigma) according to the 
instructions. Seeding of constructed cell lines 
that were stable were done in a 96-well plate 
and then cultured for 5 days at 24-hour inter-
vals. Then the viability of cells was determined 
through CCK-8 assay. The cell proliferation was 
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expressed in terms of absorbance at 450 nm. 
Each experiment was replicated at least thrice, 
independently. 

Colony formation 

Colony formation assay was performed as pre-
viously study [24, 25]. In 6-well plates, 1 × 103 
cells were incubated per well for the colony for-
mation assay. The colonies that were visible 
were fixed after 12 days using formaldehyde 
(4%) and crystal violet stained. Then counting 
of those colonies was performed in which had 
more than 50 cells.

Migration and invasion 

To assess the invasive and migratory ability of 
cells, Transwell plates (8-μm pore size; Corning) 
were used. Briefly, in the top chamber with 
serum-free medium, 3 × 105 cells were sus-
pended again per well of the transwell plates 
which were layered with or without Matrigel 
(BD), and to the bottom chamber, medium with 
FBS (10%) was added. After 24 hours, the 
migrated cells across the membrane were fixed 
in paraformaldehyde (4%), and crystal violet 
stained. Three randomly selected fields were 
used for microscopic (Olympus Corporation, 
Japan) counting of invaded or migrated cells at 
200 × magnification. 

Western blotting

Western blotting was performed as previously 
study [26-28]. Extraction of total cellular pro-
teins was done in a lysis buffer with PMSF 
phosphatase (phenylmethylsulfonyl fluoride) 
inhibitor. Total protein of the samples was load-
ed in equal amounts (50 μg) and resolved by 
SDS-PAGE, transferred onto PVDF membranes, 
and blocked with skimmed milk (5%, prepared 
in TBST) for 1 hour. Then, primary antibodies 
were added and kept throughout the night at 
4°C and incubated for 1 hour with secondary 
antibody (CST, MA, USA) at room temperature. 
A chemiluminescence kit from Beyotime Bio- 
technology (China) was used to visualize the 
proteins. 

Xenograft mouse model

The xenograft experiments were carried out on 
male mice (BALB/c nude, 6-week-old). All ani-
mal handling procedures and care were done 

as per the regulations of the National Insti- 
tutes of Health for the use and care of labora-
tory animals which was then sanctioned by the 
Committee of Animal Care and Use, The First 
People’s Hospital of Shenyang. To establish the 
tumor growth model, the right flanks of the  
animal were injected with 5 × 105 cells subcu-
taneously. Every two days, the volume of tu- 
mors was determined as per formula: Volume 
(mm3) = length × width2/2. Ethical endpoint 
was defined as a time point when a tumor 
reached 1.5 cm or more in any dimension.  
Mice were sacrificed by CO2. Three weeks after 
injection, all mice were sacrificed to assess for 
apoptosis and tumor growth through IHC stain- 
ing. 

Statistical analysis

The GraphPad Prism 7 software was used for 
analyses and generating graphs. The survival 
of patients was assessed by the Kaplan-Meier 
method. The comparisons among the two gr- 
oups were assessed by Student’s t-test. A sig-
nificant value had P < 0.05.

Results

Increased expression of UCHL3 in CRC pa-
tients

To investigate the expression patterns of 
UCHL3 in CRC tissues, the UCHL3 expression 
level in 8 CRC tissues was assessed through 
western blotting and real-time PCR. As shown 
in Figure 1A and 1B, UCHL3 expression incre- 
ased markedly in tumor tissues in comparison 
to the normal matched tissues (P < 0.05). The 
expression of UCHL3 and its clinical impor-
tance in CRC was established by observing in- 
creased levels of UCHL3 in tumor tissue pairs 
in comparison to normal matched tissues (Fig- 
ure 1C). Further, as per Kaplan-Meier analysis, 
increased UCHL3 expression correlated with  
a remarkably poorer OS than those exhibiting 
low UCHL3 expression (Figure 1D). Thus, UC- 
HL3 may act as a potential prognostic marker 
in CRC.

UCHL3 facilitates proliferation in CRC cells

To UCHL3 level in CRC cells was regulated by 
carrying out lentiviral transfection and evaluat-
ed the effect of UCHL3 on CRC. For this, the 
level of UCHL3 was quantified in 6 CRC cell 
lines and found significantly high UCHL3, espe-
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Figure 1. UCHL3 was up-regulated in CRC tissues. A. UCHL3 expression in 8 paired CRC samples as detected by 
Western blotting. B. UCHL3 expression in 8 paired CRC samples as detected by real-time PCR. C. Immunohisto-
chemical staining of UCHL3 in tumor tissues and the matched normal tissues. D. Kaplan-Meier survival analysis 
of overall survival and disease-free survival according to the UCHL3 expression in CRC patients. Scale bar: 25 μm. 
Results represent means ± SD from three independent experiments. **P < 0.01.

Figure 2. UCHL3 promoted cell proliferation and colony formation in CRC 
cells. A. UCHL3 expression in six CRC cell lines as detected by Western blot-
ting. B. UCHL3 knockdown in HCT116 cells as detected by Western blotting. 
C. UCHL3 overexpression in Lim1215 cells as detected by Western blotting. 
D. Viability of UCHL3-silenced or UCHL3-overexpressed CRC cells as de-
tected by the CCK-8 assay. E. Colony-formation ability of UCHL3-silenced or 
UCHL3-overexpressed CRC cells as detected by the colony formation assay. 
Results represent means ± SD from three independent experiments. **P 
< 0.01.

cially in HCT116 cells, and low 
in Lim1215 cells (Figure 2A). 
Hence, UCHL3 was knock- 
ed down in HCT116 cells by 
transducing with UCHL3-sh- 
RNA, and was overexpressed 
in Lim1215 cells by transduc-
ing with UCHL3 construct. The 
negative control viruses were 
transduced into the control 
cells. All these transfected 
cells were confirmed for sta- 
bility and effcient down-re- 
gulation or up-regulation by 
western blotting. As shown in 
the Figure 2B and 2C, most 
robust effciency of knock- 
down was observed through 
shRNA#1 and was utilized for 
future studies. The role of 
UCHL3 on ability to form colo-
nies and viability was evalu- 
ated respectively by colony 
formation assay and CCK-8 
assay. The HCT116 cell viabil-
ity was remarkably reduced 
due to UCHL3 knockdown and 
conversely, overexpression of 
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UCHL3 enhanced Lim1215 cell viability (Figure 
2D). The assay for colony formation and CCK-8 
assay showed concurrent results (Figure 2E). 
Therefore, in CRC cells, UCHL3 aids in colony-
formation and promoting proliferative ability.

UCHL3 promotes invasion, migration, and EMT 
(epithelial-mesenchymal transition) in CRC 
cells

Matrigel invasion and Transwell migration as- 
says were carried out to assess the effect of 
UCHL3 on invasion and migration in CRC cells, 
respectively. UCHL3 suppression led to signi- 
ficant decline in invasive and migratory poten-
tial of HCT116 cells (Figure 3A). In contrast, 
there was a significant enhancement in cell 
invasion and migration in Lim1215 cells with 
increased expression in UCHL3 (Figure 3B). 
Thus, CRC cell migration and invasion were 
facilitated by UCHL3. EMT has an important 
function in tumor metastasis, hence, we as- 
sessed the level of markers for EMT including 
N-cadherin, E-cadherin, and Vimentin, along 
with a group of transcription factors associat- 

ed with EMT including Slug, Snail, and ZEB1 in 
Lim1215 and HCT116 cells. In HCT116 cells, 
UCHL3 knockdown resulted in remarkably high 
E-cadherin levels and declined Vimentin, N- 
cadherin, Slug, Snail, and ZEB1 levels (Figure 
3C). Contrastingly, increased UCHL3 expres-
sion in Lim1215 cells led to a decline in E- 
cadherin and enhanced Vimentin, N-cadherin, 
Snail, Slug, and ZEB1 levels (Figure 3D). There- 
fore, our findings demonstrate that UCHL3 
potentially induces EMT in CRC cells.

UCHL3 regulates SOX12 protein in CRC cells

To examine the association of UCHL3 with 
SOX12 expression in cells of CRC, protein 
expression was evaluated. SOX12 protein was 
detectable by western blotting, and the pro- 
tein level of SOX12 is consistent with the level 
of UCHL3 (Figure 4A). To determine whether 
UCHL3 has a causal role in SOX12 expression, 
RNA interference-mediated UCHL3 silencing  
in HCT116 cells led to markedly reduced level 
of SOX12 (Figure 4B). Similarly, the ectopic 
expression of UCHL3 in Lim1215 resulted in 

Figure 3. UCHL3 contributed to cell migra-
tion, invasion, and EMT in CRC cells. A. 
Transwell Matrigel invasion and migration 
assay for UCHL3-silenced HCT116 cells. B. 
Transwell Matrigel invasion and migration 
assay for UCHL3-overexpressed Lim1215 
cells. C. EMT marker expression in UCHL3-
silenced HCT116 cells as detected by West-
ern blotting. D. EMT marker expression in 
UCHL3-overexpressed Lim1215 cells as 
detected by Western blotting. Results rep-
resent means ± SD from three independent 
experiments. **P < 0.01.
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increased levels of SOX12 (Figure 4C). The ab- 
ove data indicate that UCHL3 regulates SOX12 
expression.

PI3K/AKT/mTOR is involved UCHL3-mediated 
SOX12 upregulation

In a previous study, UCHL3 has been shown 
could affect several signaling pathways [29]. 
Here, Western blotting was carried out to as- 
sess the possible functional pathways in CRC. 
The level of UCHL3 after UCHL3 knockdown is 
shown, along with the consequent decline in 
the phosphorylation levels of mTOR and AKT 
(Figure 5A). Conversely, exogenous expression 
of UCHL3 increased the phosphorylation levels 
of AKT and mTOR (Figure 5B). This reveals that 
the effect of UCHL3 in CRC possibly works 
through AKT/PI3K/mTOR pathway and the pro-
tein expression downstream. On treating CRC 
cells, which overexpressed UCHL3, with peri- 
fosine, AKT/PI3K/mTOR is a signaling path- 
way inhibitor. Perifosine treatment attenuated 
UCHL3-induced SOX12 upregulation (Figure 
5C). Furthermore, perifosine treatment UCHL3-
mediated proliferation, migration and invasion 
in CRC cells (Figure 5D and 5F).

SOX12 is vital for the growth of CRC tumors 
induced by UCHL3 

To assess the function of SOX12 in tumor 
growth mediated by UCHL3, SOX12 expression 
was stably downregulated in Lim1215 cells 
that overexpress UCHL3 (Figure 6A). Knock- 
down of SOX12 significantly decreased the in 
vitro proliferative, migratory and invasive capa- 
city of Lim1215 cells (Figure 6B and 6C), indi-
cating the important role of SOX12 in CRC cell 
invasion, migration and proliferation mediated 
by UCHL3. To further confirm this, Lim1215  
and Lim1215 UCHL3 overexpressing cells with 
or without SOX12 knockdown were injected in 
nude mice. On tracking the tumor growth, mice 

tumors (Figure 6F). Therefore, these observa-
tions indicate significance of SOX12 in CRC 
tumor growth mediated by UBHL3 in vivo.

Discussion

CRC is among the most malignant tumors [30]. 
It is in the top three among all tumors and is 
associated with malaise and cancer-related 
deaths worldwide [31]. The primary reasons for 
death in CRC are recurrence and metastasis, 
and micro-metastases before radical surgery  
is observed in more than half of CRC patients, 
causing a remarkably poorer prognosis and 
increased mortality of patients suffering from 
CRC [32]. Here, we observed overexpression  
of UCHL3 in CRC tissues compared to the  
normal matched tissues. Enhanced UCHL3 ex- 
pression related independently to worse DFS 
and OS of CRC patients. Reportedly, this is  
the first study to determine and relate UCHL3 
expression with the symptoms and the progno-
sis of patients with CRC. The results obtained 
here indicate the role of UCHL3 as a promoter 
in CRC advancement, with a propensity to act 
as a valuable prognostic CRC biomarker. The 
outcomes of the present study indicate that  
the knockdown of UCHL3 lowered the HCT116 
cell aggressiveness and malignancy decline in 
cell proliferation in vitro, reduced in vitro cell 
migration and invasion and the ability to form 
colonies. Concurrently, opposite effects were 
observed in Lim1215 cells overexpressing UC- 
HL3 in addition to enhanced tumor growth in 
vivo. Thus, UCHL3 facilitated growth of tumors 
by enhancing CRC cell aggressiveness and ma- 
lignancy and can be considered a CRC onco- 
gene. 

The role of UCHL3 has been shown in several 
human cancers, such as breast and prostate 
cancers [33, 34]. Accordingly, in this study, we 
observed that high levels of UCHL3 correlated 

Figure 4. UCHL3 regulates SOX12 expression. A. SOX12 expression in six 
CRC cell lines as detected by Western blotting. B. SOX12 expression in 
HCT116 cells with UCHL3 knockdown as detected by Western blotting. C. 
SOX12 expression in Lim1215 cells with UCHL3 overexpression as detected 
by Western blotting.

with Lim1215-sh Con cells 
exhibited significantly increa- 
sed tumor volume than the 
Lim1215-sh SOX12 cells-inje- 
cted mice (Figure 6D). More- 
over, enhanced Ki-67 level 
was observed in the UCHL3 
group when compared with 
the NC group, with a concur-
rent decline in the apoptotic 
cell number (Figure 6E). Fur- 
thermore, there was an incre- 
ase in p-AKT level in UCHL3 
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Figure 5. UCHL3 regulates AKT/mTOR signaling pathway in CRC cells. A. Indicated proteins expression in UCHL3-
silenced HCT116 cells as detected by Western blotting. B. Indicated proteins expression in UCHL3-overexpression 
Lim1215 cells as detected by Western blotting. C. SOX12 expression in UCHL3-overexpression Lim1215 cells with/
without AKT inhibitor treatment analyzed by Western blotting. D. Cell viability of UCHL3-overexpression Lim1215 
cells with/without AKT inhibitor treatment analyzed by CCK-8 assay. E. Migration of UCHL3-overexpression Lim1215 
cells with/without AKT inhibitor treatment analyzed. F. Invasion of UCHL3-overexpression Lim1215 cells with/with-
out AKT inhibitor treatment analyzed. Results represent means ± SD from three independent experiments. **P < 
0.01.

Figure 6. SOX12 is required for UCHL3 promoted tumor growth in vivo. A. Cell viability of UCHL3-overexpression 
Lim1215 cells with/without SOX12 knockdown analyzed by CCK-8 assay. B. Migration of UCHL3-overexpression 
Lim1215 cells with/without SOX12 knockdown analyzed. C. Invasion of UCHL3-overexpression Lim1215 cells with/
without SOX12 knockdown analyzed. D. Effects of UCHL3 overexpression with or without SOX12 knockdown on 
tumor growth in vivo. E. Representative images of Ki-67 expression in xenograft tested by immunohistochemistry. 
Scale bar: 25 μm. F. Representative images of p-AKT expression in xenograft tested by immunohistochemistry. 
Scale bar: 25 μm. Results represent means ± SD from three independent experiments. **P < 0.01.
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appreciably with a poorer prognosis for CRC 
patients, indicating the role of UCHL3 as a 
potential CRC oncogene. Considering several 
similarities between tumorigenesis and biologi-
cal behaviors during embryonic development, 
tumor is currently analyzed from the perspec-
tive of developmental biology. Signaling path-
ways involved in the development of an embryo 
are aberrantly activated during the growth and 
advancement of several malignancies, includ-
ing CRC [35]. During embryonic development, 
UCHL3 is one of the essential regulators of 
angiogenesis, therefore we hypothesized the 
additional role of UCHL3 in angiogenesis during 
CRC progression [36].

In CRC and in other cancers, EMT is an impor-
tant factor causing metastasis [36, 37]. During 
this process, the epithelial characteristics of 
the cells are lost, including reduced expression 
of mesenchymal features and E-cadherin such 
as enhanced vimentin and N-cadherin expres-
sions [36]. The upstream transcription factors 
in EMT include proteins Slug, Snail, and ZEB1 
[38]. In this study, enhanced E-cadherin ex- 
pression was observed due to depletion of 
UCHL3, accompanied with a decline in levels  
of vimentin and N-cadherin, and the transcrip-
tion factors Slug, Snail, and ZEB1, while a re- 
verse effect was observed as a result of UC- 
HL3 overexpression. Therefore, UCHL3 was 
found to facilitate EMT through Snail, Slug, and 
ZEB1 up-regulation. 

Aberrant PI3K/AKT/mTOR signaling has been 
observed in a number of malignancies in hu- 
mans, including CRC and is found to be close- 
ly associated with oncogenic effects on differ-
ent cancers [39]. In CRC cells, PI3K/AKT/mTOR 
signaling activity is associated with chemore-
sistance, aggressive invasion and poor histo-
logical differentiation, and targeting this sig- 
naling pathway is a potentially promising treat-
ment option for human cancers such as CRC 
[40]. Here, we observed that UCHL3 activates 
the PI3K/AKT/mTOR pathway. Likewise, UCHL3 
knockdown led to significantly decline in p-AKT 
level, and an opposite effect was observed as  
a result of UCHL3 overexpression.

Among various transcription factors vital of de- 
velopment, the SOX gene family members act 
as human cancer modulators [41]. SOX12, a 
SOXC group member, is crucial for the develop-
ment of the embryo and determination of cell 

fate during organogenesis as well as in carcino-
genesis [18]. In HCC, a significant correlation of 
overexpressed SOX12 was observed with the 
progress of disease and poor prognosis [18]. 
SOX12 also participates in the progression of 
leukemia through the regulation of beta-cate- 
nin expression and ultimately disturbing the 
Wnt/TCF pathway, which may be targeted in 
AML [42]. Further, SOX12 knockdown impedes 
the proliferative, migratory, invasive, and meta-
static capacity of breast cancer and lung can-
cer cells [43, 44]. While these studies showed 
the key function of SOX12 in progress and 
metastasis of cancer, the status of SOX12 in 
human CRC still remains elusive. Accordingly,  
in this study, we found that UCHL3-medicated 
tumor growth was significantly attenuated by 
SOX12 knockdown, further suggesting the po- 
tential of SOX12 as a prognostic biomarker and 
a therapeutic target in CRC.

In conclusion, our findings are the first report 
on the clinical significance of UCHL3 in CRC  
by the evaluation of the association between 
UCHL3 and CRC patient prognosis and the 
underlying process. The outcomes of our study 
strongly indicate the growth-promoting effect 
of UCHL3 on CRC by modulating AKT-depen- 
dent SOX12 upregulation. Therefore, UCHL3 is 
a potential biomarker for prognostic and a tar-
get for the treatment of CRC. 
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