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Abstract: Purpose: Colon cancer (CC), a malignancy with high global incidence and mortality, remains a major public
health burden. As a pivotal aspect of tumor metabolic reprogramming, fatty acid metabolism has drawn significant
research interest. This study was designed to elucidate the relationship between fatty acid metabolism-related gene
expression and prognosis in patients with CC. Method: We obtained the mRNA expression profiles and correspond-
ing clinical information of colon cancers from The Cancer Genome Atlas (TCGA) database. Expression data of fatty
acid metabolism-related genes and survival data were extracted for subsequent analysis. Univariate Cox regression
and least absolute shrinkage and selection operator (LASSO) regression analyses were employed to identify fatty
acid metabolism-related genes associated with prognosis in CC patients. Subsequently, a prognostic model based
on these six genes was constructed to predict survival probability. Patients were stratified into high-risk and low-risk
groups based on the model. Differences between the two groups were analyzed, including gene set enrichment
analysis (GSEA), immune cell infiltration, immunotherapy efficacy, and immune checkpoint expression levels. Fur-
thermore, a novel nomogram incorporating the risk score, age, gender, and clinical stage was developed to predict
individual patient outcome. Finally, the expression levels of the identified risk genes were validated in cell lines
using quantitative real-time PCR (qRT-PCR). Results: 449 CC and 41 normal samples were included in this study. A
prognostic model based on six fatty acid metabolism-related genes (ENO3, ELOVL3, ACOT11, ALAD, ELOVL6, ACADL)
were built to evaluate the prognosis of CC patients. Patients in the high-risk group had poorer overall survival than
those in the low-risk group (P < 0.001), with AUC value of 0.701. MO macrophage infiltration and T helper cells were
higher in the high-risk group, and regulatory T cells (Tregs) and infiltration of natural killer cell (NK) cells was less.
The expression levels of PD-1, LAG3, and CTLA4 were higher in high-risk patients, and the high-risk group had a
higher TIDE score, indicating a worse response to immunotherapy. The Calibration plots, receiver operating char-
acteristic (ROC) curve, and Decision Curve Analysis (DCA) all showed that the nomogram method can accurately
predict the survival rate of CC patients. In addition, gRT-PCR showed downregulated expression of ACOT11, ALAD,
and ACADL, and upregulated expression of ELOVL6 and ENO3 in all colon cancer cell lines tested. There was no
significant difference in the expression level of ELOVL3 between colon cancer cells and colon epithelial lines. Con-
clusion: Targeting fatty acid metabolism-related genes represents a promising therapeutic strategy for colon cancer
(CC) that could pave the way for personalized treatment and enhanced patient survival.
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Introduction

Colon cancer (CC) is a significant gastrointesti-
nal malignancy that threatens human life and
health. It ranks third in the incidence of malig-
nant tumors in the world, after lung cancer and

breast cancer, and second in the death rate of
malignant tumors, after lung cancer [1]. Not-
withstanding the rapid advances in comprehen-
sive oncologic treatments, the five-year survival
rate for colon cancer (CC) patients remains sub-
optimal, not exceeding 65%. Moreover, patient
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prognosis is markedly heterogeneous across
different disease stages [2, 3]. Hence, address-
ing this unmet clinical need requires the devel-
opment of accurate prognostic tools to improve
risk stratification and inform personalized ther-
apeutic decisions for CC patients.

To fuel their rapid proliferation, tumor cells re-
wire their metabolism, a process driven by the
heightened energy and biosynthetic demands
of the growing tumor tissue [4]. Fatty acid meta-
bolic reprogramming is characterized by en-
hanced uptake, de novo synthesis, and reduced
oxidation of fatty acids in tumor tissues. This
imbalance results in intracellular lipid accumu-
lation, which ultimately drives tumor cell prolif-
eration and metastasis [5-7]. Recently, thera-
peutically targeting fatty acid synthesis [8, 9]
and oxidation [10-12] has emerged as a prom-
ising strategy in cancer treatment, offering a
novel direction for comprehensive anti-tumor
therapy.

Fatty acid metabolic reprogramming within the
tumor microenvironment critically regulates im-
mune cell function. For instance, in hepatocel-
lular carcinoma, enhanced fatty acid oxidation
promotes M2 polarization of tumor-associated
macrophages. Conversely, inhibiting this meta-
bolic pathway reverses the M2 phenotype and
thereby suppresses tumor progression [13].
Synergy between fatty acid oxidation (FAO)
enzymes and immune checkpoints promotes
tumor growth. Specifically, enhanced FAO up-
regulates CD47 expression, facilitating immune
escape and thereby driving the invasive pro-
gression of glioblastoma multiforme (GBM).
Consequently, dual inhibition of FAO and im-
mune checkpoints represents a potent thera-
peutic strategy [14]. Despite the potential role
of fatty acid metabolism in tumor progression,
a clear understanding of how related genes
predict outcomes and guide immunotherapy is
still lacking.

Our study identified six fatty acid metabolism-
related genes (ENO3, ELOVL3, ACOT11, ALAD,
ELOVLG, ACADL) significantly associated with
survival outcome in colon cancer (CC) patients.
Using these genes, we constructed a prognos-
tic model for risk stratification. Patients were
stratified into high- and low-risk groups based
on this model, revealing significant intergroup
differences in GSEA pathways, immune cell
infiltration, predicted immunotherapy response,
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and immune checkpoint expression. Further-
more, we developed a novel nomogram that
integrates this fatty acid metabolism-based
risk signature with key clinical factors to im-
prove prognostic prediction. In conclusion, tar-
geting fatty acid metabolism-related genes rep-
resents a promising therapeutic strategy that
may pave the way for personalized treatment
and improved survival in CC.

Patients and methods
Data processing

The mRNA expression profile and correspond-
ing clinical information of CC patients were
downloaded from The Cancer Genome Atlas
(TCGA) data portal (https://portal.gdc.cancer.
gov/). Finally, 41 normal colon samples and
449 CC cases were included in this study.
Additionally, the following clinical information
was extracted for further analyses: gender,
age, stage, T, N, M classification, survival sta-
tus, and follow-up time. Data were extracted
and arranged by R and Perl programming
languages.

Inclusion criteria: The patient has been patho-
logically diagnosed with colon cancer.

Exclusion criteria: 1. The patient also has se-
vere lipid metabolism disorders (e.g., familial
hypercholesterolemia, severe fatty liver); 2. The
patient also suffers from chronic diseases that
affect fatty acid metabolism, such as diabetes
mellitus, thyroid dysfunction and cardiovascu-
lar diseases; 3. The patient also has other
tumors or has severe organ failure caused by
tumor metastasis (hepatic, renal and cardiac
insufficiency); 4. The patient has received ra-
diotherapy, chemotherapy, targeted therapy or
immunotherapy in the recent three months,
which may interfere with metabolic indicators;
5. Patients with incomplete transcriptome data
or survival data.

Obtain fatty acid metabolism-related genes

Fatty acid metabolism-related genes were
derived from three authoritative sources: the
Hallmark gene set, the KEGG pathway, and
the Reactome database. These gene lists were
merged and subsequently deduplicated to gen-
erate a consolidated, non-redundant gene set
for analysis.
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Table 1. Composition and volume of reagents for RNA reverse

transcription system

total score and the estimation
of an individual’s risk probabil-

Reverse Transcription Reagent Components

Volume

ity. We constructed a nomo-

RNA template

Primer Mix

StarScript lll All-in-one RT Mix
5xStarScript lll All-in-one RT Buffer
Nuclease-free Water

<1 pg total RNA
1uL

Supplement to 20 pL

gram incorporating the fatty
acid metabolism-related risk
score along with key clinical
1L factors (age, gender, and AJCC
4L stage). Its development invo-

Ived two steps: first, univariate

Fatty acid metabolism-related prognostic
model in CC patients

In order to identify fatty acid metabolism-re-
lated genes associated with survival of CC
patients, we further performed univariate and
multivariate Cox regression analyses based on
corresponding expression and survival data.
Those genes associated with prognosis in the
multivariate Cox regression analysis then pro-
ceeded to the least absolute shrinkage and
selection operator (LASSO) Cox regression an-
alysis. The independent prognostic fatty acid
metabolism-related genes were selected to
construct the prognostic model. The coeffi-
cients of these regulators were selected ac-
cording to the optimal penalty parameter A in
the cross-validation method. The following for-
mula was used to estimate the risk score of
each CC patient: risk score = (coefl x expres-
sion of gene 1) + (coef2 x expression of gene 2)
+ (coef3 x expression of gene 3) +...+ (coefn x
expression of gene n), where “coef” refers to
the coefficient, and expression of genes was
the relative value of selected genes. The mean
risk score was used as the cutoff value to sepa-
rate patients into low- and high-risk groups.

SsGSEA and TIDE

To quantify immune cell infiltration levels in ea-
ch tumor sample, we performed single-sample
Gene Set Enrichment Analysis (ssGSEA) using
the “GSVA” R package. Separately, the Tumor
Immune Dysfunction and Exclusion (TIDE) algo-
rithm (http://tide.dfci.harvard.edu/) was app-
lied to calculate TIDE scores, which serves as a
predictive metric for patient response to im-
munotherapy.

Establishment of nomogram system

A nomogram is a graphical tool that integra-
tes multiple prognostic variables onto a single
scale, allowing for the direct calculation of a
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and multivariate Cox regres-

sion analyses identified inde-
pendent prognostic factors in colon cancer
(CC); second, these factors - age, gender, risk
score, T status, N status, M status, and AJCC
stage- were integrated into the final model. The
predictive accuracy of the nomogram was
assessed using calibration plots, which com-
pare predicted versus observed survival prob-
abilities, and by calculating the area under the
receiver operating characteristic (ROC) curve
(AUC).

Cell lines and culture

The NCM460 colorectal epithelial cell line and
the SW480 and HCT116 colorectal cancer cell
lines were obtained from the Culture Collection
of the Chinese Academy of Sciences (Shanghai,
China). NCM460 and HCT116 were cultured
with DMEM high-sugar medium, while SW480
was cultured with RPMI 1640 medium. The
medium contained 10% fetal bovine serum and
1% Penicillin-Streptomycin (100x) in a humid
incubator containing 5% CO, and constant tem-
perature at 37°C.

Real time quantitative PCR (RT-PCR)

Total cell RNA was extracted using RNAfast200
kit, RNA concentration was measured and re-
corded using NanoDrop 2000 instrument.

(D RNA reverse transcription. Subsequently,
RNA reverse transcription is performed. In a
sterile and enzyme-free EP tube, add the re-
quired components sequentially in the follow-
ing order in Table 1: Transfer the prepared mix-
ture into a PCR machine for amplification reac-
tion, with the specific reaction condition para-
meters set as follows in Table 2. After the reac-
tion is completed, all the liquid in the EP tube is
cDNA, which can be aliquoted and stored to
avoid repeated freeze-thaw cycles. It should be
placed in a -80°C freezer for future use.

@ RT-qPCR detection. The reaction system is
as follows in Table 3: After adding all the neces-
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Table 2. Reaction conditions for RNA reverse
transcription amplification

Reaction Temperature Reaction Time

37°C 2 min
50°C 15 min
85°C 2 min

sary components of the gPCR reagents, trans-
fer the resulting mixture into the PCR machine
for subsequent detection and analysis, the
results are shown in Table 4: The primer se-
quences were as follows: GAPDH Forward: GG-
AGTCCACTGGCGTCTTCA, Reverse: GTCATGAGT-
CCTTCCACGATACC; ACOT11 Forward: GAAGAC-
CCGTGTGGAGAGTG, Reverse: AAGGCATTGTTC-
ACGATGGCT; ALAD Forward: GCTACTTCCACC-
CACTACTTCG, Reverse: TCAGGAACATCCGTGA-
CAAAG; ACADL Forward: AGGGGATCTGTACTCC-
GCAG, Reverse: CTCTGTCATTGCTATTGCACCA,;
ELOVL3 Forward: CTGTTCCAGCCCTATAACTTCG,
Reverse: GAATGAGGTTGCCCAATACTCC; ELOV-
L6 Forward: AACGAGCAAAGTTTGAACTGAGG,
Reverse: TCGAAGAGCACCGAATATACTGA; ENO3
Forward: GGCTGGTTACCCAGACAAGG, Reverse:
TCGTACTTCCCATTGCGATAGAA.

Statistical analysis

Data analysis was conducted in R (version
4.0.3). Quantitative data were presented as the
mean * standard deviation (SD). Differences in
means between two groups were assessed
using independent samples t-tests, while differ-
ences among three or more groups were ana-
lyzed by one-way ANOVA. For significant ANOVA
results, post-hoc comparisons (Tukey’s test)
were conducted to examine pairwise group dif-
ferences. Prognostic genes were identified thr-
ough univariate and multivariate Cox regres-
sion analysis. Kaplan-Meier survival curves and
the log-rank test were used to assess survival
differences between stratified groups. In all
analyses, statistical significance was defined
as P < 0.05. The specific significance symbols
used in figures are defined as follows: *P <
0.05, **P < 0.01, ***P < 0.001, ns = not sig-
nificant (P > 0.05).

Results

Characteristics of CC patients from the TCGA
database

To elucidate the prognostic significance of fatty
acid metabolism-related genes in colon cancer
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(CC), this study analyzed their expression in
relation to patient survival. Transcriptomic and
clinical data were obtained from The Cancer
Genome Atlas (TCGA) database. Clinical vari-
ables, including age, gender, tumor grade, AJCC
stage, TNM classification (T, N, M), survival sta-
tus, and follow-up time, were subsequently
extracted. The final cohort comprised 449 pri-
mary CC tumors and 41 adjacent normal tissue
samples. Detailed cohort characteristics are
presented in Table 5.

Identification of fatty acid metabolism-related
genes in patients with CC

This study identified fatty acid metabolism-
related genes for CC patients according to
previous studies [15]. A non-redundant set of
309 fatty acid metabolism-related genes was
generated by intersecting three independent
sources and removing overlaps (Figure 1A).
This gene set was then screened for differential
expression, identifying 158 genes that were
significantly dysregulated between the two
sample groups.

To assess the prognostic effect of fatty acid
metabolism-related genes, univariate and mul-
tivariate Cox proportional hazards regression
analyses were performed on the TCGA colon
cancer (CC) cohort. By this approach, six genes
were independently associated with overall sur-
vival (P < 0.05) (Figure 1B). The detailed prog-
nostic information (hazard ratios and confiden-
ce intervals) for these six genes is presented in
the forest plot (Figure 1C).

A prognostic model established with fatty acid
metabolism-related genes in CC

These 6 genes were further evaluated by
LASSO analysis to decide the number of vari-
ables in the prognostic model. Six genes were
fitted in the prognostic model based on the
minimum cross-validation error in the cross-
validation method (Figure 2A and 2B).

Then, all CC patients were assigned a risk
score based on the following formula: risk
score = (0.705 x expression of ENO3) + (0.528
x expression of ELOVL3) + (-0.416 x expression
of ACOT11) + (0.410 x expression of ALAD) +
(-0.264 x expression of ELOVLG) + (0.720 x ex-
pression of ACADL). We divided all CC patients
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Table 3. Composition and volume of reagents for RT-gPCR reac-

tion system

Components of a gPCR Volume
DNA template 1L
Forward primer (10 pM) 0.5 uL
Reverse primer (10 pM) 0.5 uL
2xRealStar Fast SYBR gPCR Mix 10 pL

Sterile Water

Supplement to 20 yL

Table 4. RT-gPCR amplification reaction conditions and instru-

ment operation parameters

involved in model construction
could distinguish between pa-
tients at high and low risk, and
the results were significantly
better than those of fatty acid
metabolism-related genes (Fi-
gure 2C and 2D). Moreover,
the proportion of deceased
patients rose significantly with

increasing risk scores, with a
markedly higher mortality rate
observed in the high-risk score
interval (Figure 2E).

Instrument setup procedure Temperature Cycles

Pre-denaturation 95°C 2 min 1 Validation of the fatty acid
Denaturation 95°C 40 metabolism-related prognostic
Annealing 60°C 40 model in CC

Extension 72°C 40

Table 5. Clinicopathologic characteristics of
CC patients from TCGA database

Characteristic Number (%)
Age (years)
<65 190 (41.39)
> 65 269 (58.61)
Gender
Male 243 (52.94)
Female 216 (47.06)
T stage
T1-2 89 (19.39)
13-4 369 (80.39)
Unknow 1(0.22)
N stage
NO 270 (58.82)
N1-3 189 (41.18)
M stage
MO 337 (73.42)
M1 65 (14.16)
Unknow 57 (12.42)
UICC stage
Stage Il 254 (55.34)
Stage IlI-IV 194 (42.26)
Unknow 11 (2.40)
Survival status
Alive 357 (77.78)
Dead 102 (22.22)

into high- and low-risk groups according to the
median risk score. Principal component analy-
sis (PCA) analysis showed that the genes

134

To further validate the prog-
nostic model, we evaluated the
difference in survival between the high and
low-risk groups. K-M survival analysis showed
that OS in the high-risk group was significantly
worse than that in the low-risk group (P <
0.001), and PFS was also worse than that in the
low-risk group (P < 0.001) (Figure 3A and 3B).
Meanwhile, the AUCs of 1-year, 2-years, and
3-years were 0.673, 0.727, and 0.746, respec-
tively (Figure 3C). The prognostic model AUC
was significantly higher than that of clinical
characteristics, including age, gender, and
stage (Figure 3D).

Then we performed the univariate and multi-
variate Cox regression analyses. We found that
age (P =0.008), stage (P < 0.001), T status (P <
0.001), N status (P < 0.001), M status (P <
0.001) and risk score (P < 0.001) were related
to overall survival of CC in the univariate Cox
regression analysis (Figure 3E). The multivari-
ate Cox regression analysis showed that the
prognostic model was an independent prog-
nostic indicator (Figure 3F).

Nomogram system for CC patients and DCA

We developed a prognostic nomogram by com-
bining the risk score with clinical factors (age,
gender, TNM status, AJCC stage) to predict 1-,
3-, and 5-year survival in CC (Figure 4A). Each
factor contributes a specific point value; a high-
er total score correlates with a worse progno-
sis. The model's performance was validated
through calibration plots showing close align-
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Figure 1. Identified fatty acid metabolism-related genes correlated with prognosis. A. Three fatty acid metabolism-
related gene sets. B, C. Univariate and multivariate Cox regression analysis fatty acid metabolism-related genes
correlated with prognosis.
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Figure 2. Prognostic model established with fatty acid metabolism-related genes in CC. A, B. LASSO analysis of
prognostic fatty acid metabolism-related genes. C. PCA shows the power prediction ability of the prognostic model.
D, E. The distribution of risk score and survival status of each patient.
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Figure 3. Evaluation of predictive value of prognostic models. A, B. Kaplan-Meier curves for patients in the high- and
low-risk groups. C. ROC curves analysis of prognostic model at 1 year, 2 years, and 3 years. D. ROC curves analysis
of other clinical characteristics at 1 year, 2 years, and 3 years. E, F. Univariate Cox regression analysis and multivari-
ate Cox regression analysis (ns = not significant (P > 0.05),*P < 0.05, **P < 0.01, ***P < 0.001).
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Figure 4. Nomogram system for CC patients. A. Nomogram predicted 1-, 3- and 5-year overall survival using seven
prognostic factors. B. The calibration of the nomogram predicted system. C. ROC curves analysis of nomogram sys-
tem at 1 year, 2 years, and 3 years. D. DCA analysis of nomogram system at 1 year, 2 years, and 3 years.

ment between predicted and actual survival
(Figure 4B), time-dependent ROC curves with
AUCs of 0.783 (1-year), 0.799 (3-year), and
0.792 (5-year) (Figure 4C), and decision curve
analysis (DCA) demonstrating superior net clini-
cal benefit over standard clinical parameters
within a 0-45% risk threshold (Figure 4D).

Molecular characteristics of high- and low-risk
groups

Biologic pathway differences between risk gr-
oups were assessed using Gene Set Variation
Analysis (GSVA). The high-risk group showed
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significant enrichment in multiple KEGG path-
ways, notably those involved in biosynthesis
(e.g., glycosaminoglycan, glycans, fatty acids)
and key oncogenic signaling (Notch and p53)
(Figure 5A). Gene Ontology (GO) analysis fur-
ther highlighted enrichment in specific meta-
bolic processes, including fatty acid metabo-
lism and GTP metabolism (Figure 5B).

Immune cell infiltration and immune check-
point in high- and low-risk groups

To further investigate the association between
the risk score and tumor immune microenviron-

Int J Clin Exp Pathol 2026;19(3):130-145
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Figure 5. GSEA functional enrichment analysis. A, B. GEVA analyzes KEGG and GO databases.

ment, we quantified the relative abundance of
immune cell subsets and activity of immune-
related pathways using single-sample Gene
Set Enrichment Analysis (ssGSEA). Significant
differences were observed between high- and
low-risk groups as determined by independent
sample t-tests in the infiltration levels of macro-
phages, natural killer (NK) cells, T helper cells,
T helper 2 (Th2) cells, and regulatory T cells
(Tregs), suggesting a more active or dysregu-
lated immune state in high-risk patients (Figure
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6A). Analysis of immune checkpoint expression
revealed significantly higher levels of LAG3,
PDCD1, and CTLA4 in the high-risk group,
whereas CD274 (PD-L1) expression showed
no significant intergroup difference (Figure 6C).
Furthermore, assessment of immunotherapy
response potential by the Tumor Immune Dys-
function and Exclusion (TIDE) algorithm indi-
cated that the high-risk group exhibited higher
TIDE scores, implying a greater likelihood of
immune escape and a poorer predicted res-
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Figure 7. IHC staining showed the expression levels of 6 fatty acid metabolism-related genes (Scale: 1 cm = 10

units).

ponse to immunotherapy (Figure 6B). Collec-
tively, these findings suggest that the risk score
could serve as a valuable biomarker to stratify
patients for immunotherapeutic strategies in
colon cancer.

Validation of the expression levels of 6 fatty
acid metabolism-related risk genes in CC and
normal colon tissues

We validated the protein expression of selected
fatty acid metabolism genes by analyzing pub-
licly available immunohistochemistry images
from the Human Protein Atlas (HPA). The results
indicated lower expression of ACOT11, ALAD,
ELOVLG, and ACADL, but higher expression of
ENO3, in CC tissues relative to normal controls
based on independent samples t-tests. ELOVL3
expression showed no significant tumor-normal
difference (Figure 7).

MRNA expression levels of the risk genes

We analyzed the differential expression of the
six identified fatty acid metabolism (FAM)-re-
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lated genes between colon cancer (CC) tumors
and adjacent normal tissues within the TCGA
cohort by independent samples t-tests. As
illustrated in Figure 8A-F, the mRNA expre-
ssion levels of ACOT11, ALAD, ACADL, and
ELOVL6 were significantly downregulated in
tumor tissues compared to normal controls
(P < 0.01). Conversely, ELOVL3 and ENO3
expression was significantly upregulated in CC
samples (Figure 8A-F, P < 0.01).

Validation of the expression of the risk genes
in colon cancer cell lines

Real time quantitative PCR (qRT-PCR) was uti-
lized to compare the difference in mMRNA ex-
pression of (A) ACOT11, (B) ALAD, (C) ACADL, (D)
ELOVL3, (E) ELOVLG, (F) ENO3 among the NCM-
460 normal colon epithelial cell line and the
SW480 and HCT116 colon cancer cell lines.
Differences were analyzed using one-way ANO-
VA, and significant overall differences were fol-
lowed by Tukey’'s post-hoc test for pairwise
comparisons. Consistent with the bioinformatic
analysis, ENO3 and ELOVL6 expression was

Int J Clin Exp Pathol 2026;19(3):130-145
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Figure 9. Relative mRNA expression of 6 fatty acid metabolism-related
genes. Real time quantitative PCR was utilized to compare the difference
in mRNA expression of (A) ACOT11, (B) ALAD, (C) ACADL, (D) ELOVL3, (E)
ELOVLS, (F) ENO3 among the NCM460 normal colon epithelial cell line and
the SW480 and HCT116 colon cancer cell lines (ns: No significance(P >

0.05), *P < 0.05, **P < 0.01, ****P < 0.0001).

significantly upregulated in cancer cell lines
(Figure 9E, 9F; P < 0.05). In contrast, ACOT11,
ALAD, and ACADL were significantly downregu-
lated (Figure 9A-C; P < 0.05). No significant dif-
ference was observed in ELOVL3 expression
between the two groups (Figure 9D; P>0.05).

Discussion

A common feature of tumor cells is metabolic
reprogramming to meet the energy require-
ments for rapid tumor cell proliferation [16].
Lipids not only constitute the basic structure of
biological membranes but also function as sig-
naling molecules and energy sources. Fatty
acids are an important component of lipids,
and studies have shown that, owing to its
growth in an environment abundant with adi-
pose tissue, colon cancer exhibits a pronoun-
ced “lipid addiction”. This means that colon
cancer cells tend to invade and spread into the
adipose tissue. These cancer cells can uptake
fatty acids from the surrounding adipose tissue
and undergo fatty acid oxidation, which pro-
vides energy for the growth of colon cancer
cells and subsequently promotes the invasion
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and metastasis of tumor cells
[6, 17]. CC is a malignant tu-
mor with high morbidity and
mortality. Exploring the role of
different fatty acid metabolism
genes in CC is important for
discovering new strategies for
tumor therapy.

In this study, we summarized
fatty acid metabolism genes
through three gene sets. Uni-
variate and multivariate Cox
proportional risk regression
analyses were performed to
screen out six fatty acid me-
tabolism genes (ENO3, ELO-
VL3, ACOT11, ALAD, ELOVLSG,
ACADL) closely related to pro-
gnosis. The key genes related
to fatty acid metabolism were
further screened by LASSO re-
gression and cross-validation,
and the prognostic model was
constructed. These six fatty
acid metabolism genes were
abnormally expressed in multi-
ple tumor tissues and were
closely related to tumor pro-
gression. However, the role of
these genes in the prognosis of CC remains to
be studied. ENO3 is an enzyme that catalyzes
the formation of phosphoenolpyruvate from
2-phosphoglycerate. ENO3 can promote the
proliferation and migration of colorectal can-
cer by enhancing cell glycolysis [18]. ELOVL3
and ELOVL6 are rate-limiting enzymes that
catalyze the synthesis of very long-chain fatty
acids. Dysfunctional ELOVL3 has been report-
ed to be associated with various diseases,
including cancers. In prostate cancer, ELOVL3
transcriptional upregulation is closely asso-
ciated with prostate cancer invasion and mi-
gration [19]. ELOVLG is associated with poor
prognosis in HCC patients by promoting cell
proliferation and Akt activation [20]. ACOT11
can encode enzymatic hydrolysis of fatty acid
acyl CoA esters into free fatty acids and CoA. A
high expression of ACOT11 in lung cancer
patients is positively correlated with poor pro-
gnosis. ACOT11 is involved in tumor invasion
and migration, and promotes cell apoptosis
[21]. Overexpression of ALAD in breast cancer
patients can inhibit epithelial-mesenchymal
transition [22]. ACADL, a key enzyme in the first

Int J Clin Exp Pathol 2026;19(3):130-145
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step of mitochondrial fatty acid -oxidation, is
expressed at reduced levels in hepatocellular
carcinoma (HCC) and exerts tumor-suppressi-
ve effects through Hippo/YAP signaling [23].
ACADL inhibits HCC metastasis by suppressing
the expression of MMP14 through the STAT3
signaling pathway [24]. However, the relevant
role of this gene in fatty acid oxidation in CC is
unclear. In this study, ACADL expression was
down-regulated and correlated with the progno-
sis of CC patients. It was incorporated into the
construction of the prognostic model for HCC
patients, further demonstrating the important
role of this gene for the development and pro-
gression of colon cancer.

We developed a six-gene prognostic signature
that stratified patients by median risk score.
The model demonstrated good predictive accu-
racy, as evidenced by PCA, ROC, and risk curve
analyses. Crucially, multivariate analysis estab-
lished the risk score as an independent prog-
nostic factor after adjustment for age and
pathologic stage (TNM), confirming its stand-
alone value in predicting CC outcome.

Next, we further analyzed the function of
immune cells in the high and low-risk popula-
tions, and the results showed that the immune
cells in the high-risk group were more activat-
ed, and the related functions of immune cells
were more active. Specifically, the expression
level of macrophages and T helper cells was
higher, and the expression level of Tregs was
lower in the high-risk population. This may be
related to the overactivation of the immune sys-
tem in patients with early colon cancer. Previous
studies have shown that increased M2 polar-
ization in macrophages promotes colon cancer
growth [25-27]. Salman found that in the CC
microenvironment, the infiltration of highly im-
munosuppressed Treg cells was significantly
increased, and these increased Tregs may hin-
der the response of CRC patients to immune
checkpoint blockade. However, the effects of
different immune checkpoint inhibitory mecha-
nisms on Treg level or activity need to be fur-
ther studied [28]. Thus, targeting these immune
cells offers the possibility of immunotherapy for
colon cancer.

PD-1 (PDCD-1), PD-L1 (CD274), LAG3, and
CTLA4 are important immune checkpoints.
Abnormal activation of immune checkpoints on
tumor cells contributes to the immune escape

143

of tumor cells. Immune checkpoint inhibitors
have been applied increasingly applied in vari-
ous malignant tumors, proving their therapeu-
tic potential. In melanoma patients [29], ipilim-
umab (CTLA4 inhibitor) and nivolumab (PD-1
inhibitor) have a significant survival benefit,
and nivolumab plus ipilimumab has a more
durable survival benefit. Our results showed
that the expression levels of PD-1, LAG3, and
CTLA4 were higher in high-risk patients, sug-
gesting that targeted immune checkpoints
such as PD-1, LAG3, and CTLA4 may improve
the efficacy of immunotherapy in CC patients.
Finally, TIDE scores of the high and low-risk
groups were calculated respectively [30], and
the results showed that the probability of im-
mune escape was higher in the high-risk group,
and the therapeutic effect of immune check-
point blockade was worse.

Then, we incorporated the prognostic score
into the prediction model, and a nomogram
was constructed. The nomogram prediction
model’s accuracy was evaluated using calibra-
tion plots, ROC curve, and DCA. DCA is a new
method to evaluate clinical predictive models
[31]. The above three methods demonstrate
the practicality of the prognostic model, which
can help us timely identify patients with poor
prognoses and specify individualized treatment
plans to further improve the survival rate of CC
patients.

The following limitations of our research should
be taken into consideration. First, our study
analyzed only the prognostic role of fatty acid
metabolism-related genes using colon cancer
data from the TCGA database, without collect-
ing clinical data for further validation to confirm
a greater value of our research. Second, in
our study, we did not explain how these fatty
acid metabolism-related genes affect tumor
growth, leading to differences in patient prog-
nosis. Future research should delve deeper into
how lipids promote tumor cell growth. Finally,
despite these limitations, our study, as a novel
research approach, still suggests that altera-
tions in fatty acid metabolism-related genes
may be a reliable therapeutic target for cancer
patients.

In summary, we developed and validated a
robust prognostic signature based on six fatty
acid metabolism-related genes for colon can-
cer (CC). Furthermore, we constructed a clini-
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cally applicable nomogram by integrating this
signature with key clinicopathologic factors.
Our findings not only highlight the prognostic
value of fatty acid metabolism but also position
these genes as promising therapeutic targets,
paving the way for personalized treatment
strategies to improve survival.
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