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Abstract
Background and Aims  Little is known about the role of chromosome 12 open reading frame 49 (C12ORF49)-induced meta-
bolic signal transduction in tumor growth. We investigated the relationship between C12ORF49 expression and prognosis 
in colorectal cancer (CRC) patients.
Methods  C12ORF49 protein expression was measured in CRC tissues by Western blot and immunohistochemistry stain-
ing. Knock out of C12ORF49 in CRC cells was then performed, and the role of C12ORF49 in CRC cell proliferation and 
growth was examined. The expression of C12ORF49 in CRC was analyzed in Gene Expression Profiling Interactive Analysis 
(GEPIA) databases. A prognosis model with 11 C12ORF49-associated genes (CAGs) was generated by TCGA databases.
Results  C12ORF49 expression was significantly higher in CRC tumor tissue than in non-tumor tissue. Furthermore, in vitro 
and in vivo loss-of-function experiments, showed that C12ORF49 plays critical roles in promoting tumor cell growth. There 
was a significant correlation between C12ORF49 protein and the presence of tumor necrosis. C12ORF49 is critical for its 
interaction with SREBF1, TMEM41A, and S1PR3 in the poor prognosis of CRC.
Conclusions  Our results suggest that C12ORF49 plays a key role in CRC tumor growth.
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Introduction

Colorectal cancer (CRC) is a major issue for global health, 
with 576,858 colorectal cancer deaths in 2020 [1]. The 
tumor microenvironment exhibits the necessary prerequisite 
for CRC progression and metastasis. As a tumor microenvi-
ronment key indicator, tumor necrosis (TN) has been proven 
to be a promoter of angiogenesis, growth, hypoxia, inflam-
matory responses, and metabolic stress [2–5]. The prognos-
tic value of TN has been reported as a poor marker for CRC 
patients [6]. Nevertheless, the regulatory mechanism of TN 
has rarely been examined in CRC [7].

A relationship between lipid metabolism at the prolif-
eration of most cancers has been confirmed [8]. Chromo-
some 12 open reading frame 49 (C12ORF49, also termed 
SPRING1) has a vital regulatory role in cholesterol and fatty 
acid metabolism [9, 10]. Recent studies have demonstrated 
that C12ORF49 is involved in activating the sterol regula-
tory element-binding protein (SREBPs) pathway by inter-
acting with S1PR3 and TMEM41A [11, 12]. Emerging evi-
dence implies a strong association between the C12ORF49 
signal pathway and cancer pathogenesis. However, little is 
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known about its role in promoting tumor growth and tumor 
necrosis. Here, we investigate the expression of C12ORF49 
in CRC cell lines and CRC tissues.

Materials and Methods

Ethical Approval

All clinical tissue samples used in this investigation were 
in accordance with the principles in the Declaration of 
Helsinki. Procedures were conducted with experimental 
practices approved by the ethics committee of The Second 
XiangYa Hospital, Central South University, China (permit 
number 2019112).

Patient Tissue Collection

Paired CRC tissues and noncancerous tissues (n = 68) that 
underwent surgical resection between May 2019 and August 
2020 were randomly collected from The Second XiangYa 
Hospital, Central South University, China. Before surgery, 
all individuals gave informed consent for the use of their 
tissues in scientific research.

Histopathological Evaluation of Tumor Necrosis

The tumor necrosis phenotype was defined as erosion or 
ulceration of a tumor on endoscopy or gross morphology, or 
necrotic appearance of tumor cells in the whole tumor area, 
with or without infiltrating inflammatory cells in the stroma 
on histologic examination [7, 13]. We defined patients with 
any these tumor necrosis characteristics as “tumor necrosis,” 
and the remaining patients as “without tumor necrosis.”

Cell Lines and Culture Reagents

Seven human CRC cell lines (LoVo, HCT116, SW620, 
SW480, CACO-2, HT-29, and SW40), and one normal colon 
epithelial cell line (NCM-460) were used in this study. The 
cell lines were purchased from the Cell Bank Center (Chi-
nese Academy of Sciences, Shanghai, China). Cell culture 
protocols followed the supplier’s suggestions. Cells were 
cultured in RPMI-1640 (Gibco, Carlsbad, CA) with 10% 
fetal bovine serum at 37°C in 5% CO2.

Establishment of C12ORF49‑Knockout CRC Cell Lines

The CRISPR/Cas9 system was used to established 
C12ORF49-deficient LoVo cells. Single guide RNA 
(sgRNA) sequences were: 5′–ACG​ATA​CAA​GGC​TGT​TAG​
AGAG′; and bottom strand sequences were: 5′–TAC​GTC​
CAA​GGT​CGG​GCA​GGAAG–3′. For control cells, no guide 

RNA was inserted. The gRNA sequences were selected 
according to a standard protocol. In vitro and in vivo tumor 
growth assays were performed using the CRC cell line LoVo.

Cell Proliferation Assay

LoVo cells were plated at density of 800 cells per well. 
The Cell Counting Kit-8 (Roche, Germany, cat. no. 
11465007001) was used to measure cell proliferation 
according to the manufacturer’s protocol. Each independ-
ent cell count was performed in triplicate.

Colony‑Forming Assay

In six-well plates, 1000 cells were plated in each well, and 
colonies of LoVo cells were stained with 0.2% crystal vio-
let (Beyotime, China, cat. no. C0121). After incubation for 
14 days, each independent colony experiment was repeated 
in triplicate.

Immunohistochemistry (IHC)

IHC staining was done as previously described [14]. Follow-
ing incubation with primary antibodies C12ORF49 (Cat. no. 
ab211634, Abcam,1:500) and p-STAT3 (phospho-Tyr705) 
(cat. no. 9131, Cell Signaling Technology, 1:500) were used. 
The IHC score was calculated by multiplying the staining 
intensity by percentage of positive cells. Low expression of 
C12ORF49 was defined as a total staining score < 2, while 
high expression of C12ORF49 was defined as a total stain-
ing score ≥ 2. Stained CRC tissue sections were examined 
independently by two independent pathologists.

Tumor Xenograft Mice Models Experiments

All subcutaneous CRC mouse model protocols were 
approved by the Animal Care and Use Committee at Central 
South University, China. C12ORF49-knockout LoVo cells 
were injected subcutaneously into the left axilla (2 × 106 
cells/mouse, 200 μL). All nude mice were sacrificed under 
general anesthesia.

Western Blot

Proteins were extracted using RIPA lysis buffer (cat. no. 
20-188, Merck, MA, USA). CRC cells were lysed by RIPA 
lysis buffer supplemented with protease inhibitors (Roche). 
The protein concentration of CRC cells was measured by 
the BCA protein assay kit (cat. no. 23225, Pierce, IL, 
USA). After determination of the protein concentration, 
lysates (50 µg) were separated by 4–12% Tris–HCl precast 
SDS-PAGE gels (Bio-Rad). Subsequently, proteins sepa-
rated by denaturing polyacrylamide gel were transferred 
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electrophoretically onto an NC membrane (Millipore, 
USA). Then, the NC membranes were blocked in 5% 
Tris-Buffered Saline Tween-20 (TBST) and probed with 
one of the following primary antibodies: C12ORF49 (cat. 
no. ab211634, Abcam,1:1000), SREBP1 (cat. no. 28481, 
Abcam, 1:1000), TMEM41A (cat. no. A61422-100, Epi-
gentek, 1:1000), or S1PR3 (cat. no. PAB25114, Abnova, 
1:1000). The following day, the membranes were incu-
bated with anti-mouse or rabbit immunoglobulin G (IgG) 
(HRP) secondary antibody (Thermo Fisher Scientific). 
Finally, bound secondary antibodies nitrocellulose mem-
branes were detected by the Western Blotting enhanced 
chemiluminescence (ECL) kit.

Online Bioinformatics Analysis

High C12ORF49 expression in CRC relative to noncan-
cerous tissues was confirmed by Gene Expression Pro-
filing Interactive Analysis (GEPIA) online database web 
servers (http://​gepia.​cancer-​pku.​cn/) [15]. The correlation 
between C12ORF49 and STAT3 was identified by the 
TIMER online database (https://​cistr​ome.​shiny​apps.​io/​
timer/) [16]. The expression profiles of C12ORF49 mRNA 
in various human CRC cells were obtained from the Dep-
Map portal database, including CRISPRi (CERES) and 
RNAi (DEMETER) screens (https://​depmap.​org/​portal/) 
[17]. C12ORF49 gene dependency represented by prob-
ability of knocking out a gene has a real depletion effect.

Construction of a Prognostic C12ORF49‑Associated 
Gene Signature

We used Lasso regression to generate a final prognosis 
model with 11 C12ORF49-associated genes (CAGs), 
including TMEM41A, S1PR3, AKT2, SREBF1, MBTPS1, 
SCD, AKT2, S1PR2, SREBF2, S1PR1, and MBTPS2. 
To reduce the dimensionality and select the CAGs, the 
Lasso method was used. A prognostic risk score based 
on the CAGs was calculated as follows: min risk score 
= (0.504)*SPRING1 + (0.2175)* SREBF1 + (0.3057)* 
TMEM41A + (0.3065)* S1PR3.

Statistical Analysis

Statistical analysis and graphs of experimental data were 
performed using GraphPad Software 9.0 (San Diego, CA, 
USA). The reported data are at least three replicates of 
three independent experiments . ANOVA with Tukey’s 
multiple comparisons tests were performed. We consid-
ered calculated probabilities significant at P < 0.05.

Results

Association Between C12ORF49 and Tumor Necrosis

To determine whether C12ORF49 contributes to the pro-
gression of CRC, we examined the relative expression 
levels of C12ORF49, SREBF1, TMEM41A, and S1PR3 
proteins in a cohort of 68 paired CRC patients (Fig. 1a). 
Table  1 provides  an overview of clinicopathological 
variables and their correlation with immunohistochemi-
cal expression of C12ORF49 of 68 CRC patients. CRC 
specimens were divided into two groups: with or without 
tumor necrosis (Fig. 1b). Western blotting demonstrated 
that the expression of C12ORF49, SREBF1, TMEM41A, 
and S1PR3 in CRC tumor tissues significantly correlated 
with TN (Fig. 1c).

Table 1   Clinicopathological variables and their correlation with 
immunohistochemical expression of C12ORF49 in CRC patients

Clinicopatholog-
ical variables

n C12ORF49 expression P-value

Low (n = 27) High (n = 41)

Age
 < 55 31 10 21 0.3220
 ≥ 55 37 17 20

Gender
 Male 33 14 19 0.8047
 Female 35 13 22

Primary tumor location
 Colon 39 20 19 0.0273
 Rectum 29 7 22

Differentiation
 High 21 13 8 0.0167
 Low-middle 47 14 33

Tumor diameter
 < 5 cm 33 11 22 0.0385
 5–8 cm 20 13 7
 8–10 cm 11 2 9
 ≥ 10 cm 4 1 3

Lymph node metastasis
 Positive 29 13 16 0.6167
 Negative 39 14 25

UICC stage
 I + II 36 19 17 0.0261
 III + IV 32 8 24

Vascular cancer embolus
 Yes 27 9 18 0.4528
 No 41 18 23

Tumor necrosis
 Positive 35 9 26 0.0250
 Negative 33 18 15

http://gepia.cancer-pku.cn/
https://cistrome.shinyapps.io/timer/
https://cistrome.shinyapps.io/timer/
https://depmap.org/portal/
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C12ORF49 Knockout Inhibited CRC Tumor Cell 
Proliferation and Growth

The mechanisms by which C12ORF49 promotes tumor 
growth and necrosis remain unknown; therefore, we firstly 
analyzed the expression profiles in the DepMap portal 
database, using DepMap’s default perturbation effect cut-
off of 0.5, and found that perturbation of C12ORF49 in 
CRC lines causes strong growth retardation (Supplemen-
tary Fig. S2).

Protein levels of C12ORF49 among LoVo, HCT116, 
SW620, SW480, CACO-2, HT-29, and SW40 CRC cell 
lines were compared with the normal epithelial cell line 
NCM-460 by Western blot. The expression levels of 
C12ORF49 were elevated in CRC cell lines compared 
with NCM-460 (Fig.  2a). CRISPR/Cas9 C12ORF49 
knock out LoVo cells were constructed by CRISPR/Cas9 
genome editing and the effects of C12ORF49, SREBF1, 
TMEM41A, and S1PR3 in CRC cells were evaluated. We 
selected two clones, C12ORF49-KO-1 and C12ORF49-
KO-2, for our initial analyses. Knockdown efficiency 
results were 55% for KO-1 and 70% for KO-2 C12ORF49 
mRNA. Knockout of C12ORF49 downregulated SREBF1, 
TMEM41A, and S1PR3 expression in C12ORF49-defi-
cient LoVo cells (Fig. 2b). The potential of cell prolifera-
tion in C12ORF49 knockout CRC cells was slowed down 
compared with the widetype (WT) cell group (Fig. 2c). 
Cell colony assays further confirmed the similar sup-
pressive effects of C12ORF49 knockout (Fig.  2d). As 

expected, C12ORF49 knockout had the same suppressive 
effects on CRC tumor growth in vivo. The average tumor 
weights of subcutaneous xenograft animals in the KO-1, 
KO-2, and WT groups were 0.35 ± 0.09 g, 0.56 ± 0.09 g, 
and 0.97 ± 0.09 g, respectively (Fig. 2e). These results 
indicated the knockdown efficiencies of C12ORF49-KO-2 
in inhibiting tumor cell proliferation and growth. In agree-
ment with the DepMap exome-wide 20Q2 CRISPR-Cas9 
deletion data of C12ORF49-associated genes (CAGs) 
(Supplementary Fig. S2), C12ORF49 function within 
tumor cells may exhibit proliferative effects in CRC cells.

Correlation Between C12ORF49 Expression 
and STAT3

Metabolic stress in the tumor microenvironment associ-
ated with tumor growth has commonly been considered 
the cause of tumor necrosis and inflammation [18, 19]. 
Therefore, the correlation between C12ORF49 expres-
sion and HIF-1α/STAT3/NF-κB signaling was analyzed in 
the TIMER database (Fig. 3a). In colon adenocarcinoma 
(COAD) tissues, C12ORF49 expression level had a signifi-
cantly positive correlation with infiltrating levels of STAT3 
(R = 0.54, P < 0.001), HIF-1α (R = 0.441, P  < 0.001), and 
NF-κB (R = 0.354, P  < 0.001). In rectal adenocarcinoma 
(READ) tissues, C12ORF49 expression level had a signifi-
cantly positive correlation with infiltrating levels of STAT3 
(R = 0.525, P  < 0.001), HIF-1α (R = 0.4, P  < 0.001), and 

Fig. 1   Increased expression of C12ORF49 protein in human CRC tis-
sues with TN. a Representative Western blot images of C12ORF49, 
SREBF1, TMEM41A, and S1PR3. b Representative colonos-

copy images of CRC tumor necrosis. c Comparative analysis of 
C12ORF49, SREBF1, TMEM41A, and S1PR3 expression in the 
presence and absence of tumor necrosis
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NF-κB (cor = 0.241, P  < 0.001). To further confirm the 
crucial role of STAT3, we performed IHC to determine the 
expression of p-STAT3 in paired CRC tissues (n = 68). CRC 
tissues had significantly higher p-STAT3 protein expression 
levels than non-tumor tissues (Fig. 3b). Intriguingly, a sig-
nificant positive correlation between C12ORF49 expression 
and p-STAT3 activation status was observed in CRC tissues 
(P < 0.001; R = 0.446; Fig. 3c). Also, C12ORF49 was posi-
tively correlated with immune cell markers among COAD 
and READ cells in TIMER (Supplementary Table S1).

Association of C12ORF49‑Related Signature Genes 
with Poor Prognosis of CRC​

The expression of C12ORF49 genes in colon adenocar-
cinoma (COAD) and rectal adenocarcinoma (READ) 
tumors was significantly upregulated compared with in 
noncancerous tissues, according to the GEPIA database 
(P < 0.01, Fig. 4a). To validate the prognosis value in CRC, 

we constructed a prognostic risk model to investigate the 
relationship between COAD prognostics and C12ORF49-
associated genes (CAGs). The specific coefficient infor-
mation of these genes is shown in Fig. 5. Figure 4b shows 
that C12ORF49 is critical for its interaction with SREBF1, 
TMEM41A, and S1PR3 in the poor prognosis of CRC. 
Kaplan–Meier analysis indicated that CRC patients with 
high CAGs scores had a significantly shorter overall sur-
vival (OS) (Fig. 4c). For 1-, 3-, and 5-year overall survival 
predictions, the time-dependent receiver operating charac-
teristics (ROC) were 0.61, 0.618, and 0.5595, respectively 
(Fig. 4d), showing that the risk score model can predict the 
OS for patients. 

As demonstrated in Table S2, C12ORF49 expression was 
related not only to tumor size and lymph metastasis in CRC 
patients, but also to the treatment method applied. This indi-
cates that C12ORF49 is potentially suitable for selecting 
patients who will benefit from radiation therapy (P = 0.006).

Fig. 2   C12ORF49 knockout 
inhibits the growth of CRC 
cells in vitro and in vivo. a 
C12ORF49 protein levels in 
seven human CRC cell lines 
were investigated using Western 
blotting (WB). b C12ORF49 
knockout effect was con-
firmed by Western blotting in 
LoVo cells. The protein level 
of SREBF1, TMEM41A, 
and S1PR3 was reduced in 
C12ORF49-deficient LoVo 
cells. c Cell proliferation assay 
showed that C12ORF49 knock-
out slows cell proliferation in 
LoVo and WT cells. d Colony 
formation assays of C12ORF49-
deficient colonies derived from 
LoVo and WT cells were per-
formed. e Representative gross 
images of transplanted tumors. 
Tumor weights are summarized 
in a bar chart
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Fig. 3   Involvement of HIF-1α/
STAT3/NF-κB signaling in 
C12ORF49-mediated CRC. 
a Correlation of C12ORF49 
expression with immune 
infiltration level in COAD 
and READ. b The C12ORF49 
expression and p-STAT3 were 
analyzed by IHC in 68 paired 
CRC samples. c A statistically 
significant positive association 
of C12ORF49 and p-STAT3 
was observed in CRC speci-
mens
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Based on our data that overexpression of C12ORF49 
occurs in CRC cell lines and tumor tissues, we propose that 
C12ORF49 regulates the SREBP pathway via interaction 
with SREBF1, TMEM41A, and S1PR3. The interaction of 
C12ORF49 and the SREBP pathway jointly initiates changes 
in lipid metabolism and immune infiltration, leading to the 
growth of CRC (Fig. 4e).

Discussion

This study revealed that C12ORF49 was significantly upreg-
ulated in CRC tissues compared with non-tumor tissues. We 
undertook the experiment to support the hypothesis of the 
tumor promoting role of C12ORF49 in CRC malignancies. 
Notably, C12ORF49 signaling may be involved in STAT3 
signaling. C12ORF49 was consistently identified as a pro-
moter of CRC by TCGA-sequence databases. These findings 
contribute to our understanding of the novel role of lipid 
metabolism C12ORF49 in the regulation of tumor necrosis, 

Fig. 4   Identification of C12ORF49-associated genes (CAGs) pre-
diction model for CRC. a C12ORF49 mRNA expression in COAD 
and READ compared with noncancerous tissues obtained from the 
GEPIA. b The correlation between selected CAGs signatures and 
overall survival was evaluated. c The association between overall 

survival and CAGs risk score model was assessed in TCGA-COAD 
dataset. d Time-dependent ROC curve analysis of the selected CAGs 
risk signature had a relatively high accuracy. e Proposed model 
of C12ORF49 interacts with SREBP pathway proteins SREBF1, 
TMEM41A, and S1PR3, and promotes tumor growth in CRC​
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and provide a basis for closely linking metabolic stress to 
necrotic tumor growth.

Tumor necrosis is a prognostic marker for liver cancer 
[20], lung cancer [18], nasopharyngeal cancer [21], kidney 
cancer [22], and CRC [6]. Tumor necrosis is believed to 
occur as a consequence of metabolic stress and inflammation 
[5]. However, the complicated regulatory mechanisms of 
tumor necrosis in CRC remain unclear. Here we show for the 
first time that C12ORF49 and C12ORF49-associated genes 
were overexpressed in CRC tissues and cell lines. Compared 
with the non-tumor necrosis CRC patients, elevated levels of 
C12ORF49 in necrotic tumor were detected. Furthermore, 
C12ORF49 knockout inhibited the growth of CRC cells, 
which was confirmed in vitro and in vivo experiments, indi-
cating the vital role of C12ORF49 in tumor growth.

Previous studies have shown that SREBF1 promotes 
CRC tumor invasion and metastasis via promoting the 
expression of MMP7. SREBF1 is associated with p65 
phosphorylation [23, 24]. Knockdown of TMEM41A 
was also observed to affect gastric cancer metastasis 
via the modulation of E-cadherin [25]. Colorectal car-
cinoma chemoresistance to gemcitabine was induced by 
SREBP-1-mediated lipogenesis and STAT3 activation in 
CRC [26]. Consistent with the literature, we found that 
the interaction of C12ORF49 with SREBF1, TMEM41A, 
and S1PR3 is critical for the poor prognosis of CRC. This 
study supports evidence from previous observations on 

the tumor-promoting role of transcription factors involved 
in cholesterol and fatty acid synthesis. In view of that, 
a C12ORF49-associated genes (CAGs) prediction model 
for CRC was constructed to validate the prognosis value. 
Kaplan–Meier analysis indicated high CAGs scores had a 
prognostic value in CRC patients. Current prognosis mark-
ers of CRC focus on chromosomal instability, Microsatel-
lite Instability (MSI), or CpG island methylation molecular 
pathways, which greatly widen the molecular basis of CRC 
[27]. However, their clinical prognostic or predictive to 
therapy value remains to be examined through randomized 
control trials. Our investigation suggests that C12ORF49-
associated genes might have potential prognostic value for 
predictive markers of radiotherapy benefits. We will focus 
on the reliability and predictive value in the future.

Accumulating evidence has revealed that CRC is a 
malignancy characterized by inflammation and immu-
nopathogenesis. Many studies have shown that STAT3 
and NF-κB have key roles in colon carcinogenesis and 
inflammation, which subsequently contributes to activat-
ing macrophages [28]. Our study found that C12ORF49 
is closely correlated with NF-κB activity in CRC. In addi-
tion, we found that C12ORF49 enhanced HIF-1α/STAT3/
NF-κB activity, elucidating a novel C12ORF49-driven 
signaling pathway.

Although C12ORF49 is a central regulator involved in 
lipid metabolism, how C12ORF49 drives CRC cell sur-
vival and its function in apoptosis is less well understood. 
Lipotoxic cell death was previously linked to inflammation 
in cancer initiation and development, with the interplay 
between HIF-1α and inflammation signaling pathways in the 
hypoxic tumor microenvironment having been established 
[29]. HIF-1α has been reported to regulate cell metabo-
lism [30]. In this study, a positive relationship between 
C12ORF49 and HIF-1α/STAT3 was observed. Indeed, the 
STAT3/NF-κB pathway can cross-talk with PI3K and AKT 
signaling in CRC progression [31–33]. These studies further 
our understanding of the novel role of lipid metabolism tar-
get C12ORF49 in CRC with tumor necrosis. This observa-
tion may support the hypothesis that C12ORF49 may release 
pro-inflammatory factors and in the activation of NF-κB, 
triggers an immunosuppressive microenvironment and pro-
motes cancer progression.

Our observations identified C12ORF49 as a novel bio-
marker that may be an effective therapeutic target of CRC. 
This discovery significantly increases current knowledge 
about the role of lipid metabolism in inflammation-driven 
cancer. Future studies are required to explore C12ORF49 
functions in these signaling pathways.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10620-​022-​07751-x.

Fig. 5   The prognosis-significant CAGs were selected by the Lasso 
Cox regression method. a Lasso regression was used to narrow the 
range of prognostic genes, remove overfitting between genes, and cal-
culate risk scores based on the Lasso regression coefficients. b The 
prognosis-significant CAGs selected by the Lasso Cox regression 
method

https://doi.org/10.1007/s10620-022-07751-x
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