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Abstract
Background: As an important part of m6A modi�cation, FTO plays a carcinogenic effect in cancer. In this study, we aim to explore
whether FTO could be a new target for diagnosis and prognostic of patients with liver cancer.

Material and Methods: We obtained and analysis data from TCGA database by using R software (version 3.5.1). The box plot
was used to analyze the pattern of FTO expression. Receiver operating characteristic (ROC) curve was performed to evaluate
diagnostic value of FTO expression in liver cancer. Fisher’s exact and chi-square tests were used to analyze relationship between
FTO expression and clinical pathological characteristics. Kaplan-Meier curve and Cox regression analysis were used to explore
the prognostic value of FTO in liver cancer.

Results: We observed that FTO was down-regulated in liver cancer and was associated with patients’ age. ROC curve showed
that FTO expression had good clinical diagnostic value. Our results also revealed that FTO expression was associated with age,
histologic grade, M classi�cation, vital status, and overall survival (OS) of patients. Low FTO expression decreased OS, and was
an independent predictor of poor prognosis in patients with liver cancer.

Conclusion: FTO could serves as a potential biomarker for the diagnosis and prognosis of liver cancer

Introduction
Liver cancer is a malignant tumor associated with high recurrence and metastasis rate1–3. Despite tremendous progress had
been made in the development of early diagnosis and comprehensive therapy, its incidence and mortality have been steadily
increasing4,5. The main reason is local recurrence and distant organ metastasis after surgical treatment, leading to poor
prognosis and shortened survival time of patients6. With the research on cancer treatment strategies and prognosis prediction,
molecular targets had become a novel clinical strategy7. Therefore, it is very meaningful and important to explore new molecular
markers related to liver cancer.

N6-methyladenosine (m6A) is a dominant RNA methylation modi�cation. This methylation modi�cation has been proven to be
reversible, and it was involved in three types of main proteins, including transmethylase (m6A“writer”),demethylase(m6A “eraser”)
and methylation reading protein (m6A “reader”)8,9. The m6A “writer” was responsible for the methylation of target RNA
transcripts10. The main function of m6A “reader” was to identify m6A modi�cations to guide RNA translation, splicing, export,
degradation and microRNA processing

8 .The m6A "eraser" was responsible for removing m6A from the target transcript8,10,11.Studies have shown that the dysregulation
of m6A-related molecules affects the tumorigenesis, indicating that m6A was closely relevant to tumor occurrence and tumor
progression12.

FTO (fat mass and obesity associated protein), the �rst identi�ed m6A demethylase, was able to control mRNA splicing by
inhibiting SRSF2 binding at the splice site13–15. In addition, FTO also blocked YTHDF2-mediated mRNA degradation by reducing
m6A levels of cyclin A2 and cyclin-dependent kinase 2 (CDK2), leading to promote adipocyte cycle progression and fat
formation16,17. Recently, studies have shown that FTO played a carcinogenic effect in cancer18–20. It was reported that FTO
induced drug resistance in tumor cells after drug treatment21. For example, knocking out FTO can signi�cantly enhance response
of acute myelocytic leukemia (AML) cells to all-transretinoic acid (ATRA) treatment, thereby promoting differentiation22. Similarly,
in cutaneous squamous cell carcinoma (CSCC), FTO increased the resistance of tumor cells to radiotherapy and chemotherapy
by removing m6A from beta-catenin23. At present, the expression level of FTO has been studied as a potential biomarker for
various cancers, such as gastric cancer24, intrahepatic cholangiocarcinoma25and endometrial cancer26. However, the potential
role of FTO expression in the clinical diagnosis and prognostic evaluation of liver cancer patients has not been determined.

In the current study, we compared the expression of FTO mRNA between liver cancer patients and healthy individuals, and
analyzed the diagnostic and prognostic signi�cance of FTO expression. We also studied the correlation between FTO expression
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and clinic-pathological parameters. The results revealed that FTO expression is an independent risk factor for poor survival,
indicating that FTO may be a useful biomarker for the prognosis of liver cancer.

Materials And Methods

Database selection and data collection
We obtained RNA-Seq of FTO and clinical information of liver cancer patients from The Cancer Genome Atlas (TCGA) dataset.
RNA-Seq was transformed to RSEM by estimating as log2(x + 1) normalized counts and used for subsequent analysis by
selecting R software (version 3.5.1)27.

Statistical analysis
The package ggplot2 in R software is used for visual analysis. The box plot showed the expression of FTO in the LIHC dataset.
Chi-square test was used to evaluate the correlation between FTO expression and clinical features of liver cancer patients. The
ROC curve was used to evaluate the diagnostic signi�cance of FTO expression in liver cancer. The Kaplan-Meier curve was
performed to assess the effect of FTO expression on patient’s survival (OS and RFS). The univariate and multivariate Cox
analysis was used to analyze the prognostic value of FTO expression. P < 0.05 is considered statistically signi�cant.

Results
The expression pattern of FTO in liver cancer patients

Through using R software, clinical data of 373 patients were collected from the TCGA database, including the patient’s age,
gender, histological type, histologic grade, clinical stage, and TNM classi�cation, as well as radiation therapy, residual tumor, vital
status, sample type overall survival and relapse-free survival (Table 1). Subsequently, in order to analyze the expression pattern
of FTO, we analyzed the expression of FTO in 52 healthy individuals and 373 patients. As shown in Fig. 1, FTO expression was
signi�cantly lower in tumor tissues than that in normal tissues (P = 0.026). In addition, differences in FTO expression was found
according to age (P = 0.039).
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Table 1
Demographic and clinical characteristics of TCGA-LIHC cohort
characteristics Numbers of cases(%)

Age  

< 55 117(31.45)

>=55

NA

255(68.55)

1(0)

Gender  

Female 121(32.44)

Male 252(67.56)

Histological type

Fibrolamellar Carcinoma 3(0.8)

Hepatocellular Carcinoma 363(97.32)

Hepatocholangiocarcinoma (Mixed) 7(1.88)

Histologic grade

NA 5(1.34)

G1 55(14.75)

G2 178(47.72)

G3 123(32.98)

G4 12(3.22)

Stage  

NA 24(6.43)

I 172(46.11)

II 87(23.32)

III 85(22.79)

IV 5(1.34)

T classi�cation

NA 2(0.54)

T1 182(48.79)

T2 95(25.47)

T3 80(21.45)

T4 13(3.49)

TX 1(0.27)

N classi�cation

NA 1(0.27)

Abbreviation: NA, not available.
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characteristics Numbers of cases(%)

N0 253(67.83)

N1 4(1.07)

NX 115(30.83)

M classi�cation

M0 267(71.58)

M1 4(1.07)

MX 102(27.35)

Radiation therapy

NA 25(6.7)

No 340(91.15)

Yes 8(2.14)

Residual tumor

NA 7(1.88)

R0 326(87.4)

R1 17(4.56)

R2 1(0.27)

RX 22(5.9)

Vital status

Deceased 130(34.85)

Living 243(65.15)

Sample type  

Primary Tumor 371(99.46)

Recurrent Tumor 2(0.54)

Overall survival  

No 237(64.58)

Yes 130(35.42)

Relapse-free survival  

No 179(55.94)

Yes 141(44.06)

HK3  

high 282(75.6)

low 91(24.4)

Abbreviation: NA, not available.

Diagnostic signi�cance of FTO expression in liver cancer
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To evaluate the diagnostic signi�cance of FTO expression, we established ROC curve using the expression value of liver cancer
patients and healthy individuals from TCGA. We found that FTO expression had diagnostic value overall (AUC = 0.597; Fig. 2).
Subsequently, we analyzed the diagnostic value of FTO expression in different stages of liver cancer, including stage I (AUC = 
0.610), stage II (AUC = 0.628), stage III (AUC = 0.550) and stage IV (AUC = 0.672).

Correlation between FTO expression and clinical characteristics of liver cancer.

To further analyze the correlation between FTO expression and clinical characteristics, we divided patients into two groups (high
expression and low expression of FTO expression) according to the ROC curve threshold (Fig. 2A). As shown in Table 2, the chi-
square test indicated low FTO expression was signi�cantly associated with age (P = 0.0079), histologic grade (P = 0.0088), M
classi�cation(P = 0.0023), vital status (P = 0.0227) and overall survival of patients (P = 0.0216).
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Table 2
Correlation between the expressions of FTOand the clinic pathologic characteristics in liver cancer

Parameter variables N FTO X2 P-
value

Fish

high prop low prop

Age < 55 117 78 (27.66) 39 (43.33) 7.0642 0.0079 0.0063

  >=55 255 204 (72.34) 51 (56.67)      

Gender Female 121 91 (32.27) 30 (32.97) 0 1 0.8982

  Male 252 191 (67.73) 61 (67.03)      

Histological_type Fibrolamellar Carcinoma 3 3 (1.06) 0 (0) 1.387 0.4998 1

  Hepatocellular Carcinoma 363 273 (96.81) 90 (98.9)      

  Hepatocholangiocarcinoma
(Mixed)

7 6 (2.13) 1 (1.1)      

Histologic_grade G1 55 47 (16.91) 8 (8.89) 11.4123 0.0097 0.0088

  G2 178 142 (51.08) 36 (40)      

  G3 123 81 (29.14) 42 (46.67)      

  G4 12 8 (2.88) 4 (4.44)      

Stage I 172 136 (51.91) 36 (41.38) 5.5806 0.1339 0.1195

  II 87 63 (24.05) 24 (27.59)      

  III 85 61 (23.28) 24 (27.59)      

  IV 5 2 (0.76) 3 (3.45)      

T_classi�cation T1 182 145 (51.79) 37 (40.66) 4.4394 0.3498 0.324

  T2 95 69 (24.64) 26 (28.57)      

  T3 80 55 (19.64) 25 (27.47)      

  T4 13 10 (3.57) 3 (3.3)      

  TX 1 1 (0.36) 0 (0)      

N_classi�cation N0 253 185 (65.84) 68 (74.73) 2.5685 0.2769 0.207

  N1 4 3 (1.07) 1 (1.1)      

  NX 115 93 (33.1) 22 (24.18)      

M_classi�cation M0 267 194 (68.79) 73 (80.22) 12.0013 0.0025 0.0023

  M1 4 1 (0.35) 3 (3.3)      

  MX 102 87 (30.85) 15 (16.48)      

Radiation_therapy No 340 256 (97.34) 84 (98.82) 0.1429 0.7054 0.6851

  Yes 8 7 (2.66) 1 (1.18)      

Residual_tumor R0 326 242 (88) 84 (92.31) 5.1227 0.163 0.2034

  R1 17 14 (5.09) 3 (3.3)      

  R2 1 0 (0) 1 (1.1)      

  RX 22 19 (6.91) 3 (3.3)      
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Parameter variables N FTO X2 P-
value

Fish

high prop low prop

Vital_status Deceased 130 89 (31.56) 41 (45.05) 4.9396 0.0262 0.0227

  Living 243 193 (68.44) 50 (54.95)      

Sample_type Primary Tumor 371 280 (99.29) 91 (100) 0 1 1

  Recurrent Tumor 2 2 (0.71) 0 (0)      

Overall survival No 237 189 (67.99) 48 (53.93) 5.2222 0.0223 0.0216

  Yes 130 89 (32.01) 41 (46.07)      

Relapse-free
survival

No 179 140 (56.22) 39 (54.93) 0.0034 0.9534 0.8925

  Yes 141 109 (43.78) 32 (45.07)      

Effect of FTO expression on patient survival in liver cancer

We performed survival analysis to evaluate the effect of FTO expression on the survival of liver cancer patients. As shown in
Fig. 3, Kaplan-Meier curves showed that the patients of low FTO expression signi�cantly had the poor overall survival (P = 0.011).
Subgroups analysis found that low FTO expression signi�cantly affects patient OS in stage G1/G2, stage /  (P = 0.0098), T1 (P 
= 0.033), N0 (P = 0.016) and M0 (P = 0.018). We also observed that female patients with low FTO expression had shorter OS (P = 
0.014), and elder patient (P = 0.0025). However, the low expression of FTO had no signi�cant effect on patients' RFS (Fig. 4).

Low FTO expression is an independent risk factor for patient’s prognosis.

To assess the prognostic signi�cance of FTO expression in liver cancer, univariate Cox analysis and multivariate Cox analysis
were performed. We selected potential variables that make sense in univariate analysis to conduct multivariable Cox analysis
(Tables 3 and 4). We found that low FTO expression is an independent risk factor for poor OS (hazard ratio [HR] = 0.62, 95%
con�dence interval [CI]:0.43–0.91, P = 0.014). In addition, in our results, FTO expression cannot be used as an independent
predictor of RFS.
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Table 3
Summary of univariate and multivariate Cox regression analyses of overall survival duration

Parameters Univariate analysis Multivariate analysis

Hazard Ratio 95%CI (lower ~ upper) P value Hazard Ratio 95%CI (lower-upper) P value

Age 1 0.69–1.45 0.997      

Gender 0.8 0.56–1.14 0.22      

Histologicgrade 1.04 0.84–1.3 0.698      

stage 1.38 1.15–1.66 0.001 0.84 0.67–1.05 0.123

Tclassi�cation 1.66 1.39–1.99 0 1.85 1.47–2.34 0

Nclassi�cation 0.73 0.51–1.05 0.086      

Mclassi�cation 0.72 0.49–1.04 0.077      

Radiationtherapy 0.51 0.26–1.03 0.06      

Residualtumor 1.42 1.13–1.8 0.003 1.45 1.13–1.86 0.004

FTO 0.62 0.43–0.9 0.011 0.62 0.43–0.91 0.014

 
Table 4

Summary of univariate and multivariate Cox regression analyses of relapse-free survival duration
Parameters Univariate analysis Multivariate analysis

Hazard Ratio 95%CI (lower ~ upper) P value Hazard Ratio 95%CI (lower-upper) P value

Age 0.9 0.63–1.28 0.55      

Gender 0.99 0.7–1.41 0.966      

Histologicgrade 0.98 0.8–1.21 0.883      

stage 1.66 1.38–1.99 0 1.13 0.88–1.46 0.333

Tclassi�cation 1.78 1.49–2.12 0 1.63 1.26–2.13 0

Nclassi�cation 0.97 0.67–1.4 0.874      

Mclassi�cation 1.17 0.79–1.74 0.432      

Radiationtherapy 0.74 0.26–2.16 0.584      

Residualtumor 1.28 1.01–1.61 0.042 1.33 1.05–1.69 0.017

FTO 0.9 0.61–1.34 0.619      

Discussion
Based on the TCGA-LIHC data set analysis revealed that FTO was down-regulated in liver cancer and was associated with
patients’ age. The ROC curve showed that FTO expression was able to be clinical diagnosis marker in the liver cancer. In the
analysis of clinical characteristics, FTO expression was related to the patient's age, histological grade, M classi�cation, vital
status and OS. Through the survival curve, we found that liver cancer patients with low FTO expression had a worse OS.
Univariate and multivariate Cox regression analysis con�rmed that FTO is an independent predictor of poor prognosis in patients
with liver cancer.
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As the �rst m6A “eraser”, indeed, FTO played an oncogenic role in a number of acute myeloid leukemias by enhancing leukemic
oncogene-mediated cell transformation: acts by mediating m6A demethylation of target transcripts such as MYC, CEBPA, ASB2
and RARA, leading to promote their expression18,28. Many studies suggested that FTO was up-regulated in several tumors,
including breast cancer29, gastric cancer30and glioblastoma31. However, in this study, our results show that FTO played a tumor
suppressor effect in liver cancer, which suggested that FTO may play an important role as acontext-related regulator in network
signal of tumorigenesis. In addition, we also observed that FTO expression gradually decreased with increasing of histological
grade, which meant that it might have a potential negative impact on the progression of liver cancer.

Considering the relationship between immune regulation and anti-tumor effects, it is clear that tumor cells are up-regulated with
many new antigens, which may be recognized by the immune system32. In the process of tumorigenesis, tumor cells promote
their proliferation and metastasis by escaping from immune host surveillance and attack. It had been reported that FTO
promoted the occurrence of gastric cancer by promoting tumor cell proliferation, migration and lymph node metastasis24. Zhang
et al. found that FTO induced the growth and invasion of endometrial cancer cells by regulating the PI3K/AKT and MAPK
signaling pathways, which indicated that FTO played an important role in evading immune surveillance in tumors33.These
�ndings indicated that FTO played an important role in tumor proliferation, invasion and metastasis, although no previous
studies had directly detected the speci�c function of FTO in tumor progression. In the present study, we found that the low FTO
expression signi�cantly shortened the OS of liver cancer patients, and found that low FTO expression signi�cantly affects patient
OS inG1/G2, I/II, T1, N0 and M0. This indicated that FTO expression had predictive prognostic value for speci�c types of patients,
which was bene�cial to the selection and supervision of prognostic treatment for patients. Interestingly, FTO expression did not
have signi�cant correlation with patients' RFS. We guess this may be related to the limited number of samples or patient's
lifestyle. However, the speci�c reason needs to be further clari�ed.

Gene expression and genetic characteristics in tumors are related to clinical characteristics, pathological characteristics and
patient prognosis34. In liver cancer, several biomarkers related to tumor proliferation signals are associated with poor prognosis
of patients, such as TGF-β, KI-67 and PTEN35–37. Previous studies showed that a reproducible gene-expression signature
correlated with survival is present in liver tissue adjacent to the tumor in HCC patients, and can predict the risk of tumor
recurrence after postoperative in HCC patients38.Additionally, a large number of studies based on tumor tissue (gene expression
pro�les and mutation models) are being conducted to discover potential biomarkers for predicting HCC patients39. These studies
indicate the importance and feasibility of studying biomarkers of tumor tissue. Therefore, it is necessary to increase efforts to
verify the genetic biomarkers related to the prognosis of liver cancer in clinical test.

To our comprehension, this study is the �rst time to identify the correlation between FTO expression and clinical application
value in liver cancer patients. We revealed that FTO may be used as a biomarker for clinical diagnosis and poor prognosis of liver
cancer. However, due to the limited number of samples, it is di�cult to establish a more valuable predictive model between FTO
expression and clinicopathological data of liver cancer patients. In future studies, we need to expand the sample size in order to
generate an appropriate prediction model for the prognosis of liver cancer patients.
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Figure 1

Expression of FTO in liver cancer. Expression of FTO between tumor and normal tissue was compared. The expression of FTO
was compared according to different age, gender, histologic grade, histological type, T/N/M classi�cation, as well as radiation
therapy, residual tumor, sample type, stage, and vital status. 
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Figure 2

Diagnosis value of FTO expression in liver cancer. The ROC curves of FTO expression in cancerous vs. normal liver tissues was
generated, and cancerous vs. normal liver tissues was analyzed in different stages of liver cancer.
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Figure 3

The effect of FTO expression on OS in liver cancer. Kaplan-Meier curves of FTO expression in all patients and subgroup.
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Figure 4

The effect of FTO expression on RFS in liver cancer. (a)Kaplan-Meier curves of FTO expression in all patients and subgroup.


