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The diagnostic and prognostic value of
H2AFY in hepatocellular carcinoma
Xuyang Ma1, Ying Ding2* and Li Zeng2

Abstract

Background: The potential correlation between H2AFY (also known as MacroH2A1) and the clinical characteristics
of hepatocellular carcinoma (HCC) patients was analysed through gene expression profiles and clinical data in The
Cancer Genome Atlas (TCGA) database, and the diagnostic and prognostic value of H2AFY in HCC was discussed.

Methods: The gene expression data of HCC and the corresponding clinical characteristics of HCC patients were
downloaded from the TCGA database. The differences in H2AFY in normal liver tissues and HCC were analysed. The
relationship between H2AFY and clinical characteristics was analysed by Wilcoxon signed-rank test, logistic
regression and Kruskal-Wallis test. The Kaplan-Meier method and the Cox regression method were used to analyse
the relationship between overall survival and clinical characteristics of the patients. An ROC curve was used to
predict the diagnostic value of H2AFY in HCC. Gene set enrichment analysis (GSEA) was used to analyse the
pathway enrichment of H2AFY.

Result: Compared with normal liver tissues, H2AFY was significantly highly expressed in HCC. H2AFY was positively
correlated with the age, clinical stage, G stage (grade) and T stage (tumor stage) of liver cancer patients. Higher
H2AFY expression predicted a poor prognosis in HCC patients. Cox regression analysis suggested that H2AFY was
an independent risk factor for the prognosis of HCC patients. The ROC curve suggested that H2AFY had certain
diagnostic value in HCC. GSEA suggested that H2AFY was correlated with lipid metabolism and a variety of tumour
pathways.

Conclusion: Our study showed that H2AFY was significantly overexpressed in HCC. H2AFY may be a potential
diagnostic and prognostic marker for HCC, and high expression of H2AFY predicts a poor prognosis in patients with
HCC.
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Background
Hepatocellular carcinoma (HCC) is the most common
malignant tumour, usually occurs during the terminal
stage of cirrhosis and is the third leading cause of
cancer-related death [1, 2]. Presently, the most com-
monly used monitoring method for HCC is ultrasonog-
raphy, which has high specificity and sensitivity.

However, in actual clinical practice, the accuracy of
ultrasonography is limited by the level of operating phy-
sicians [3, 4]. AFP (α-fetoprotein) is the most commonly
used serum tumour marker for the diagnosis of HCC,
but a retrospective study shows that the sensitivity of
AFP in clinical practice is only approximately 60%, while
its specificity is 80% [5, 6]. The combination of ultra-
sound and AFP is not more advantageous, as it increases
false positives and costs [3, 7]. Surgery for HCC is the
most common treatment, but most patients experience
poor therapeutic effects and short postoperative survival
[2, 8]. The discovery of new targets and molecules at the

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: 361983974@qq.com
2Department of Technology Education Training, Luzhou People’s Hospital,
Section 2 of JiuGu Avenue, Jiangyang District, Luzhou 646000, Sichuan,
People’s Republic of China
Full list of author information is available at the end of the article

Ma et al. BMC Cancer          (2021) 21:418 
https://doi.org/10.1186/s12885-021-08161-4

http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-021-08161-4&domain=pdf
http://orcid.org/0000-0002-7791-1908
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:361983974@qq.com


gene level may be an effective method to improve
outcomes.
H2AFY (also known as MacroH2A1) is a member of

the core histone H2A family, the other members of
which include H2A. X, H2A. Z, and H2A. Bb [9]. The
H2A family has been shown to be abnormally expressed
in a variety of tumours [10]. H2AFY is an atypical his-
tone that has a large macro domain and can interact
with a variety of molecules [11]. According to different
splicing methods, H2AFY can be alternatively spliced
into two isoforms, MacroH2A1.1 and MacroH2A1.2 [9].
Although the overall expression level of H2AFY did not
change, the protein-coding gene QKI promoted the ex-
pression of MacroH2A1.1, while the RNA helicases
DDX5/DDX17 promoted the expression of
MacroH2A1.2 [12, 13]. MacroH2A1.1 and MacroH2A1.2
differ in their functional macro domains [14], and they
are significantly different from each other [15, 16].
In normal cells, H2AFY, as part of chromatin, can

affect gene expression and silencing by regulating tran-
scriptional activation [17]. H2AFY has been shown to be
involved in the development of a variety of tumours, as
it plays a corresponding role in breast, lung and colon
cancers [9]. Most studies suggest that H2AFY is involved
in the process of tumour suppression [18], but some-
times it exerts the opposite effect [19, 20].
In some studies, H2AFY exhibited anticancer proper-

ties. H2AFY has a negative regulatory relationship with
the differentiation of pluripotent stem cells [21], and is
thus considered a marker of highly differentiated hepato-
cyte tumour cells [22]. The loss of H2AFY mediates the
phosphorylation level of the NF- κBp65 (Ser536) path-
way, which induces hepatoma cells to exhibit stemness
[22]. In HCC, as tumour cells exhibit stem cell-like
properties, the loss of H2AFY can change the glucose
metabolism and lipid metabolism in HCC cells, so that
tumour cells can obtain energy and intermediate metab-
olites, which is beneficial for those cells to adapt to their
changing microenvironment [23]. Inhibition of H2AFY
induces tumorigenicity and expression of the transcrip-
tion factor ZEB1, which leads to a poor prognosis in pa-
tients with colon cancer [24]. However, in some studies,
H2AFY has been shown to be carcinogenic. H2AFY is
an immunohistochemical marker of HCC, which to-
gether with DNA hypomethylation, mediates and attenu-
ates the senescence process of HCC cells and promotes
HCC progression [19]. When DNA is demethylated, the
deletion of H2AFY enhances the reactivation of the
tumour suppressor genes p16, MLH1, and Timp3,
thereby inhibiting cell proliferation [20].
Although previous studies have confirmed the high ex-

pression of H2AFY in HCC [19], whether H2AFY can
play a role in clinical practice was unknown. We believe
that it is necessary to study the correlation between

H2AFY and the clinical characteristics of patients with
HCC, and to further explore the application value of
H2AFY in clinical practice.

Methods
Collection of genetic and clinical data
Gene expression profile data of HCC patients were
downloaded from the TCGA database (https:// portal.
gdc.cancer.gov/repository), which included 50 samples
of normal liver tissues and 374 HCC tissues (Workflow
Type: HTSeq-FPKM). Data on the clinical characteristics
of 377 patients with HCC were also collected from the
TCGA. Then, the expression of H2AFY in normal liver
and liver cancer tissues was demonstrated by Boxplots
and a paired differential plot.

Gene set enrichment analysis
GSEA was used to determine whether the target gene
was differed between the normal liver sample and HCC
tissues [25]. GSEA software was used to perform a path-
way enrichment analysis on H2AFY according to the in-
structions on the GSEA website (version: GSEA-v3.0;
https://www.gsea-msigdb.org/gsea/index.jsp). For each
analysis, 1000 gene set permutations were performed.
According to the normalized enrichment score (NES),
the significantly enriched gene sets were screened. Then,
the enrichment pathways with a normal p-value < 0.05
and a false discovery rate (FDR) < 0.25 were selected.
MSigDB: c2.cp.kegg.v7.0.symbols.gmt.

Statistical analysis
R was used for statistical analysis (version: R × 64 v3.6.2).
The Kruskal-Wallis test (multiple continuous independent
samples), Wilcoxon rank test (two continuous independ-
ent samples) and logistic regression were used to analyse
the relationship between H2AFY and the clinical charac-
teristics of HCC. Patient data with incomplete clinical in-
formation were omitted in advance. Cox regression
analysis was then used to compare the effects of H2AFY
and clinical characteristics on overall survival. The ROC
curve (receiver operating characteristic curve) was plotted
using SPSS 19.0. The cut-off value for H2AFY expression
was determined by the middle bit value.

Result
Clinical characteristics of patients with hepatocellular
carcinoma
The clinical characteristics of 377 patients with HCC
were collected from the TCGA. However, the clinical in-
formation of some patients was unavailable. We provide
detailed information of these clinical features in Table 1.
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The relationship between H2AFY and the clinical
characteristics of hepatocellular carcinoma patients
Compared with normal liver tissues, H2AFY is more
highly expressed in HCC, as shown in boxplots and the
paired differential plot (see Fig. 1a and b, p < 0.001).
Figure 2a-g shows the relationship between H2AFY and

the clinical characteristics of the patients. The results showed
that the expression level of H2AFY in HCC was positively
correlated with the patient’s age (p= 0.009), clinical stage
(p= 0.007), G stage (p= 5.818e-09) and T stage (p= 0.005),
while no significant correlation was observed between
H2AFY and N stage, M stage or the patient’s sex. Logistic re-
gression was used to further analyse the relationship between
H2AFY and the clinical characteristics of HCC patients and
suggested the same result. As clinical stage, histological grade
and T stage progressed, the expression level of H2AFY in
HCC gradually increased, as shown in Table 2.

Survival analysis and clinical diagnostic efficacy of H2AFY
Cox regression and Kaplan-Meier methods were used to
analyse the potential relationship between H2AFY and the
overall survival of patients. The results of the univariate Cox
analysis suggested that H2AFY was a high-risk factor for
HCC (HR: 2.298, CI: 1.533–3.443, p= 5.492e-05), as shown
in Table 3. Using the forest plot to demonstrate the results
of the multivariate Cox analysis, we found that H2AFY was
an independent risk factor for the prognosis of patients with
HCC (HR: 2.056, CI: 1.308–3.232, p= 0.001), as seen in Fig. 3.
The results of the Kaplan-Meier analysis showed that HCC
patients with higher H2AFY expression had a lower 5-year
survival rate, as shown in Fig. 4. The ROC curve analysis re-
sults showed that the area under the ROC curve of H2AFY
was 0.914 (CI: 0.907–0.968, p= 8.09e-24) and that the sensi-
tivity and specificity of H2AFY in differentiating HCC from
normal liver tissues were 91.4 and 84%, respectively (Fig. 5).
These results suggest that H2AFY can be used as a diagnos-
tic and prognostic marker for HCC.

Table. 1 The Clinical characteristics of hepatocellular carcinoma
patients obtained from TCGA database

Clinical characteristics Total (377) %

Age 61 (16–90)

G stage

G1 55 14.82

G2 180 48.51

G3 124 33.42

G4 12 3.25

Clinical stage

Stage I 175 49.58

Stage II 87 24.65

Stage III 86 24.36

Stage IV 5 1.41

Sex

Female 122 32.36

Male 255 67.64

T stage

T1 185 49.47

T2 95 25.40

T3 81 21.66

T4 13 3.47

N stage

N0 257 98.46

N1 4 1.54

M stage

M0 272 98.55

M1 4 1.45

Fig. 1 The expression level of H2AFY in HCC and normal liver tissues. H2AFY is more highly expressed in HCC compared with normal liver tissues
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GSEA enrichment analysis results of H2AFY
In order to preliminarily explore the possible ways and
pathways through which H2AFY functions in the devel-
opment of HCC, we used GSEA to perform an enrich-
ment analysis on H2AFY. According to the p-value <
0.05, FDR < 0.05 and NES, significant enrichment

pathways were screened, and the results are shown in
Table 4, Fig. 6, and Fig. 7. The results demonstrate that
fatty acid metabolism, cell cycle, PPAR signalling path-
way, pathways in cancer, p53 signalling pathway, Wnt
signalling pathway, MAPK signalling pathway, TGF beta
signalling pathway, melanoma, prostate cancer, acute

Fig. 2 The relationship between H2AFY expression and clinical characteristics. a. age. b clinical stage. c grade. d tumor stage. e lymph node
metastasis. f distant metastases. g sex

Table. 2 Logistic regression of H2AFY expression and clinical characteristics

Clinical characteristic Total (N) Odds ratio of H2AFY expression 95%CI p-value

Age (>61vs≤ 61) 376 0.57 0.37–0.86 0.007

Clinical stage (Stage III vs Stage I) 256 1.78 1.05–3.03 0.030

G stage

(G2 vs G1) 235 1.96 1.02–3.90 0.048

(G3 vs G1) 179 5.53 2.77–11.49 2.0857e-06

(G4 vs G1) 68 5.20 1.42–21.97 0.015

T stage (T4 vs T1) 198 4.30 1.26–19.66 0.030

N stage (N1 vs N0) 261 3.04 0.38–62.07 0.337

M stage (M1 vs M0) 271 3.04 0.38–61.99 0.337

Sex (Male vs Female) 377 0.83 0.54–1.28 0.417

CI: confidence interval
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myeloid leukaemia and others are correlated with
H2AFY.

Discussion
In recent years, more and more studies have shown that
H2AFY is differentially expressed and plays correspond-
ing biological functions in multiple tumour types, in-
cluding HCC, lung cancer, prostate cancer, acute
myeloid leukaemia (AML), melanoma, and colon cancer
[15, 26–30]. According to previously published studies,

the role of H2AFY in tumours is very complex and it is
very challenging to study H2AFY in tumours. H2AFY
has been reported to function in HCC stemness, in
highly differentiated HCC, and steatosis-related HCC,
but the clinical application value of H2AFY has not yet
been reported. Therefore, this study focused on the ex-
ploration of the relationship between H2AFY and the
clinical characteristics of HCC, and clarified the correl-
ation between H2AFY and the prognosis of HCC
patients.
Here, we conducted a preliminary study on the expres-

sion of H2AFY in patients with HCC using gene expres-
sion profile data and clinical feature data in the TCGA
database. Compared with normal liver tissues, the ex-
pression level of H2AFY in HCC is higher, and as age,
clinical stage, histological grade, T stage and HCC pro-
gress, the expression level of H2AFY in HCC shows a
gradually increasing trend. The results of the survival
analysis and logistic regression were also consistent with
the above results, which suggests that the patients with
high expression of H2AFY had lower survival and a poor
prognosis. The results of the multivariate Cox analysis
suggested that H2AFY was an independent risk factor
for HCC, and the ROC curve suggested the potential
value of H2AFY in the diagnosis of HCC. Therefore,

Table 3 Univariate Cox analysis of the relationship between
H2AFY expression and overall survival among hepatocellular
carcinoma patients

Clinical characteristic HR %95CI p-value

H2AFY 2.298 1.533–3.443 5.492e-05

Clinical stage 1.864 1.455–2.388 8.066e-07

T stage 1.804 1.455–2.270 4.725e-07

M stage 3.850 1.206–12.281 0.022

N stage 2.021 0.493–8.276 0.327

G stage 1.017 0.745–1.387 0.914

Sex 0.780 0.487–1.249 0.301

Age 1.005 0.986–1.023 0.591

HR: hazard ratio; CI: confidence interval

Fig. 3 The forest plot shows the multivariate analysis of the relationship between H2AFY expression and overall survival among HCC patients
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H2AFY may play an important role in the development
of HCC, and H2AFY is helpful for diagnostic and prog-
nostic analyses of HCC patients.
Our analysis results based on the TCGA database

showed that H2AFY was highly expressed in HCC,
which suggests that H2AFY may promote the occur-
rence and development of HCC. However, most studies
have suggested that H2AFY plays a role in tumour sup-
pression [15, 21], which seems to contradict our results.
However, some studies have reported that H2AFY has a
carcinogenic role [13, 20, 31]. Actually, H2AFY has two
different splice variants (MacroH2A1.1 and
MacroH2A1.2), which are quite different in function.

Different expression rates of the two isoforms of H2AFY
in tumours may lead to different outcomes, which we
believe may provide part of the explanation.
The expression ratio of MacroH2A1.1 and

MacroH2A1.2, the two isoforms of H2AFY, may be of
great significance. MacroH2A1.1 acts as a tumour sup-
pressor by inhibiting cell proliferation, migration, and in-
vasion, while the function of MacroH2A1.2 is largely
dependent on the type of cancer [18, 32]. In differentiated
and proliferating cells, MacroH2A1.1 and MacroH2A1.2
have obvious expression differences: MacroH2A1.1 is pri-
marily found in differentiated cells, while MacroH2A1.2 is
mainly found in proliferating cells [33, 34].
Most studies have confirmed that MacroH2A1.1 exerts

anti-cancer effects [12, 13]. MacroH2A1.1 plays an anti-
cancer role in prostate cancer and reduces tumour ma-
lignancy [26]. Macroh2a1.1 can inhibit Epithelial
Mesenchymal Transition (EMT) [35]. The unbalanced
expression of H2AFY isoforms, especially the reduction
in MacroH2A1.1, will lead to the impaired differenti-
ation of red blood cells, and will eventually lead to an-
aemia in myelodysplastic syndrome (MDS) patients [36].
In colon cancer patients, MacroH2A1.1 mRNA expres-
sion was decreased, while MacroH2A1.2 mRNA expres-
sion was up-regulated. MacroH2A1.1 expression was
negatively correlated with disease severity and survival,
while MacroH2A1.2 did not show that same characteris-
tic [30]. However, sometimes MacroH2A1.1 also shows
the opposite effect, and in one study, high expression of
MacroH2A1.1 was associated with poor prognosis in
triple-negative breast cancer [37]. Compared with
MacroH2A1.1, MacroH2A1.2 has a more complex role
in tumours. MacroH2A1.2 is overexpressed in tumour
cells, and its macro domain interacts with HER-2 to pro-
mote the proliferation and carcinogenicity of cancer cells
[31]. In tumour xenografts, MacroH2A1.2 increased the
invasiveness, growth and migration of cancer cells [13]. In
both in vivo and in vitro experiments, reducing the ex-
pression level of MacroH2A1.2 could promote the pro-
gression of melanoma by increasing the expression of the
CDK8 oncogene [29].
Three known splicing factors have been described

for H2AFY, including splicing factor MBNL1, the
protein-coding gene QKI, and the RNA helicases
Ddx5 and Ddx17 [12, 38]. The former two promote
the expression of MacroH2A1.1, while the latter are
beneficial to the expression of MacroH2A1.2. These
splicing factors can produce two alternative tran-
scripts. At the same time, some studies have shown
that the two isoforms may have similar domains and
that both isoforms are responsible for X chromosome
inactivation [39].
Based on previous studies, we hypothesized that

there might be a competitive association between the

Fig. 5 The ROC curve demonstrated the diagnostic value of H2AFY
in HCC patients

Fig. 4 The relationship between H2AFY expression and overall
survival in HCC patients
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two isoforms of H2AFY. MacroH2A1.1 has cancer-
inhibiting properties, while MacroH2A1.2 has cancer-
promoting characteristics, and both of them jointly
regulate the occurrence and development of tumours.
Therefore, we attempted to further determine the ex-
pression levels of the two H2AFY isoforms in HCC.

Unfortunately, we were unable to retrieve the respect-
ive expression data of the two isoforms of H2AFY
from the TCGA database. However, our study raises
the possibility that in patients with HCC, the diagno-
sis and prognosis of HCC may be assessed based on
the total expression of H2AFY alone, rather than the
expression of the H2AFY isoform.
We conducted an enrichment analysis of H2AFY

by GSEA. The analysis results showed that H2AFY
may be correlated with fatty acid metabolism, path-
ways in cancer, MAPK signalling pathway, melan-
oma, prostate cancer, acute myeloid leukaemia, and
colorectal cancer, among others. Previous studies
have confirmed the reliability of our analysis re-
sults. For example, H2AFY has a significant correl-
ation with lipid metabolism-related HCC [40], as it
can also alter the lipid metabolism of HCC cells
and allow tumour cells to be more adaptable to the
changing microenvironment [23]. Some evidence in-
dicates that H2AFY is a new fusion gene compan-
ion for MECOM gene in patients with AML and
may promote the development of AML, but the
exact mechanism is unclear [28]. H2AFY has also
been reported in melanoma, prostate cancer and
colorectal cancer [26, 29, 30].

Conclusions
In general, our study has certain limitations. All
analysis results were based on data in the TCGA,

Fig. 6 Enrichment plots from gene set enrichment analysis (GSEA)

Table 4 GSEA gene enrichment results of H2AFY

Gene set NES p-value FDR

FATTY_ACID_METABOLISM 2.179 0.000 0.000

PRIMARY_BILE_ACID_BIOSYNTHESIS 2.091 0.000 2.84e-04

PPAR_SIGNALING_PATHWAY 2.019 0.000 8.14e-04

PATHWAYS_IN_CANCER −1.989 0.000 0.003

P53_SIGNALING_PATHWAY −1.979 0.000 0.003

SMALL_CELL_LUNG_CANCER −1.922 0.000 0.005

WNT_SIGNALING_PATHWAY −1.898 0.000 0.007

COLORECTAL_CANCER − 1.893 0.000 0.007

ACUTE_MYELOID_LEUKEMIA −1.892 0.000 0.007

NON_SMALL_CELL_LUNG_CANCER −1.890 0.000 0.007

PROSTATE_CANCER −1.845 0.000 0.008

MAPK_SIGNALING_PATHWAY −1.833 0.000 0.009

mTOR_SIGNALING_PATHWAY −1.824 0.001 0.009

VEGF_SIGNALING_PATHWAY −1.789 0.003 0.012

TGF_BETA_SIGNALING_PATHWAY −1.722 0.005 0.018

MELANOMA −1.581 0.006 0.049

JAK_STAT_SIGNALING_PATHWAY −1.681 0.013 0.025
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and the expression levels of H2AFY protein and
mRNA in HCC were not verified in our study.
However, our results suggested that H2AFY could
be used as a molecular marker for the diagnosis
and prognosis of HCC and that a high expression
of H2AFY predicted a poor prognosis in patients
with HCC.

Abbreviations
HCC: Hepatocellular carcinoma; TCGA: The cancer genome atlas; GSEA: Gene
set enrichment analysis; AFP: α-fetoprotein; EMT: Epithelial mesenchymal
transition; MDS: Myelodysplastic syndrome; AML: Acute myeloid leukaemia;
NES: Normalized enrichment score

Acknowledgements
Not applicable.

Authors’ contributions
XM conceived the study protocol, processed the data and performed the
statistical analysis. YD and LZ wrote the paper. All authors have read and
approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets generated during the current study are available in the TCGA
database (https:// portal.gdc.cancer.gov/repository).

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Gastroenterology, Luzhou People’s Hospital, Section 2 of
JiuGu Avenue, Jiangyang District, Luzhou 646000, Sichuan, People’s Republic
of China. 2Department of Technology Education Training, Luzhou People’s
Hospital, Section 2 of JiuGu Avenue, Jiangyang District, Luzhou 646000,
Sichuan, People’s Republic of China.

Received: 14 March 2020 Accepted: 7 April 2021

References
1. Oikawa T. Cancer stem cells and their cellular origins in primary liver and

biliary tract cancers. Hepatology. 2016;64(2):645–51. https://doi.org/10.1002/
hep.28485.

2. Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lancet. 2018;391(10127):
1301–14. https://doi.org/10.1016/S0140-6736(18)30010-2.

3. Singal A, Volk ML, Waljee A, Salgia R, Higgins P, Rogers MA, et al. Meta-
analysis: surveillance with ultrasound for early-stage hepatocellular
carcinoma in patients with cirrhosis. Aliment Pharmacol Ther. 2009;30(1):37–
47. https://doi.org/10.1111/j.1365-2036.2009.04014.x.

4. Singal AG, Nehra M, Adams-Huet B, Yopp AC, Tiro JA, Marrero JA, et al.
Detection of hepatocellular carcinoma at advanced stages among patients
in the HALT-C trial: where did surveillance fail? Am J Gastroenterol. 2013;
108(3):425–32. https://doi.org/10.1038/ajg.2012.449.

5. Marrero JA, Feng Z, Wang Y, Nguyen MH, Befeler AS, Roberts LR, et al.
Alpha-fetoprotein, des-gamma carboxyprothrombin, and lectin-bound
alpha-fetoprotein in early hepatocellular carcinoma. Gastroenterology. 2009;
137(1):110–8. https://doi.org/10.1053/j.gastro.2009.04.005.

6. Lok AS, Sterling RK, Everhart JE, Wright EC, Hoefs JC, Di Bisceglie AM, et al.
Des-γ-Carboxy prothrombin and α-fetoprotein as biomarkers for the early
detection of hepatocellular carcinoma. Gastroenterology. 2010;138(2):493–
502. https://doi.org/10.1053/j.gastro.2009.10.031.

7. Zhang B, Yang B. Combined α fetoprotein testing and ultrasonography as a
screening test for primary liver cancer. J Med Screen. 1999;6(2):108–10.
https://doi.org/10.1136/jms.6.2.108.

Fig. 7 Enrichment plots from gene set enrichment analysis (GSEA)

Ma et al. BMC Cancer          (2021) 21:418 Page 8 of 9

http://portal.gdc.cancer.gov/repository
https://doi.org/10.1002/hep.28485
https://doi.org/10.1002/hep.28485
https://doi.org/10.1016/S0140-6736(18)30010-2
https://doi.org/10.1111/j.1365-2036.2009.04014.x
https://doi.org/10.1038/ajg.2012.449
https://doi.org/10.1053/j.gastro.2009.04.005
https://doi.org/10.1053/j.gastro.2009.10.031
https://doi.org/10.1136/jms.6.2.108


8. Hartke J, Johnson M, Ghabril M. The diagnosis and treatment of
hepatocellular carcinoma. Semin Diagn Pathol. 2017;34(2):153–9. https://doi.
org/10.1053/j.semdp.2016.12.011.

9. Buschbeck M, Hake SB. Variants of core histones and their roles in cell fate
decisions, development and cancer. Nat Rev Mol Cell Biol. 2017;18(5):299–
314. https://doi.org/10.1038/nrm.2016.166.

10. Vardabasso C, Hasson D, Ratnakumar K, Chung C-Y, Duarte LF, Bernstein E.
Histone variants: emerging players in cancer biology. Cell Mol Life Sci. 2013;
71(3):379–404. https://doi.org/10.1007/s00018-013-1343-z.

11. Gamble MJ, Kraus WL. Multiple facets of the unique histone variant
macroH2A: from genomics to cell biology. Cell Cycle. 2014;9(13):2568–74.

12. Novikov L, Park JW, Chen H, Klerman H, Jalloh AS, Gamble MJ. QKI-mediated
alternative splicing of the histone variant MacroH2A1 regulates cancer cell
proliferation. Mol Cell Biol. 2011;31(20):4244–55. https://doi.org/10.1128/
MCB.05244-11.

13. Dardenne E, Pierredon S, Driouch K, Gratadou L, Lacroix-Triki M, Espinoza
MP, et al. Splicing switch of an epigenetic regulator by RNA helicases
promotes tumor-cell invasiveness. Nat Struct Mol Biol. 2012;19(11):1139–46.
https://doi.org/10.1038/nsmb.2390.

14. Kustatscher G, Hothorn M, Pugieux C, Scheffzek K, Ladurner AG. Splicing
regulates NAD metabolite binding to histone macroH2A. Nat Struct Mol
Biol. 2005;12(7):624–5. https://doi.org/10.1038/nsmb956.

15. Sporn JC, Kustatscher G, Hothorn T, Collado M, Serrano M, Muley T, et al.
Histone macroH2A isoforms predict the risk of lung cancer recurrence.
Oncogene. 2009;28(38):3423–8. https://doi.org/10.1038/onc.2009.26.

16. Pehrson JR, Costanzi C, Dharia C. Developmental and tissue expression
patterns of histone macroH2A1 subtypes. J Cell Biochem. 1997;65(1):107–13.
https://doi.org/10.1002/(SICI)1097-4644(199704)65:1<107::AID-JCB11>3.0.
CO;2-H.

17. Creppe C, Posavec M, Douet J. MacroH2A in stem cells: a story beyond
gene repression. EPIGENOMICS. 2012;4(2):221–7. https://doi.org/10.2217/
epi.12.8.

18. Cantariño N, Douet J, Buschbeck M. MacroH2A – an epigenetic regulator of
cancer. Cancer Lett. 2013;336(2):247–52. https://doi.org/10.1016/j.canlet.2013.
03.022.

19. Borghesan M, Fusilli C, Rappa F, Panebianco C, Rizzo G, Oben JA, et al. DNA
Hypomethylation and histone variant macroH2A1 synergistically attenuate
chemotherapy-induced senescence to promote hepatocellular carcinoma
progression. Cancer Res. 2016;76(3):594–606. https://doi.org/10.1158/0008-54
72.CAN-15-1336.

20. Barzily-Rokni M, Friedman N, Ron-Bigger S, Isaac S, Michlin D, Eden A.
Synergism between DNA methylation and macroH2A1 occupancy in
epigenetic silencing of the tumor suppressor gene p16(CDKN2A). Nucleic
Acids Res. 2011;39(4):1326–35. https://doi.org/10.1093/nar/gkq994.

21. Creppe C, Janich P, Cantariño N, Noguera M, Valero V, Musulén E, et al.
MacroH2A1 regulates the balance between self-renewal and differentiation
commitment in embryonic and adult stem cells. Mol Cell Biol. 2012;32(8):
1442–52. https://doi.org/10.1128/MCB.06323-11.

22. Lo Re O, Fusilli C, Rappa F, Van Haele M, Douet J, Pindjakova J, et al.
Induction of cancer cell stemness by depletion of macrohistone H2A1 in
hepatocellular carcinoma. Hepatology. 2018;67(2):636–50. https://doi.org/1
0.1002/hep.29519.

23. Lo Re O, Douet J, Buschbeck M, Fusilli C, Pazienza V, Panebianco C, et al.
Histone variant macroH2A1 rewires carbohydrate and lipid metabolism of
hepatocellular carcinoma cells towards cancer stem cells. Epigenetics. 2018;
13(8):829–45. https://doi.org/10.1080/15592294.2018.1514239.

24. de Barrios O, Gyorffy B, Fernandez-Acenero MJ, Sanchez-Tillo E, Sanchez-
Moral L, Siles L, et al. ZEB1-induced tumourigenesis requires senescence
inhibition via activation of DKK1/mutant p53/Mdm2/CtBP and repression of
macroH2A1. Gut. 2017;66(4):666–82. https://doi.org/10.1136/gutjnl-2015-31
0838.

25. A S, P T, VK M. Gene set enrichment analysis_ a knowledge-based approach
for interpreting genome-wide expression profiles. Proc Natl Acad Sci U S A.
2005;102(43):15545–50. https://doi.org/10.1073/pnas.0506580102.

26. Vieira-Silva TS, Monteiro-Reis S, Barros-Silva D, Ramalho-Carvalho J, Graça I,
Carneiro I, et al. Histone variant MacroH2A1 is downregulated in prostate
cancer and influences malignant cell phenotype. Cancer Cell Int. 2019;19(1).

27. Lo Re O, Mazza T, Giallongo S, Sanna P, Rappa F, Vinh Luong T, et al. Loss of
histone macroH2A1 in hepatocellular carcinoma cells promotes paracrine-
mediated chemoresistance and CD4(+)CD25(+)FoxP3(+) regulatory T cells

activation. Theranostics. 2020;10(2):910–24. https://doi.org/10.7150/thno.3
5045.

28. Han Q, Lu J, Wang J, Ye J, Jiang X, Chen H, et al. H2AFY is a novel fusion
partner of MECOM in acute myeloid leukemia. Cancer Genet. 2018;
222((223)):9–12.

29. Kapoor A, Goldberg MS, Cumberland LK, Ratnakumar K, Segura MF,
Emanuel PO, et al. The histone variant macroH2A suppresses melanoma
progression through regulation of CDK8. Nature. 2010;468(7327):1105–9.
https://doi.org/10.1038/nature09590.

30. Sporn JC, Jung B. Differential regulation and predictive potential of
MacroH2A1 isoforms in colon cancer. Am J Pathol. 2012;180(6):2516–26.
https://doi.org/10.1016/j.ajpath.2012.02.027.

31. Li X, Kuang J, Shen Y, Majer MM, Nelson CC, Parsawar K, et al. The atypical
histone macroH2A1.2 interacts with HER-2 protein in cancer cells. J Biol
Chem. 2012;287(27):23171–83. https://doi.org/10.1074/jbc.M112.379412.

32. Corujo D, Buschbeck M. Post-Translational Modifications of H2A Histone
Variants and Their Role in Cancer. Cancers (Basel). 2018;10(3).

33. Chen H, Ruiz PD, Novikov L, Casill AD, Park JW, Gamble MJ. MacroH2A1.1
and PARP-1 cooperate to regulate transcription by promoting CBP-
mediated H2B acetylation. Nat Struct Mol Biol. 2014;21(11):981–9. https://
doi.org/10.1038/nsmb.2903.

34. Pasque V, Radzisheuskaya A, Gillich A, Halley-Stott RP, Panamarova M,
Zernicka-Goetz M, et al. Histone variant macroH2A marks embryonic
differentiation in vivo and acts as an epigenetic barrier to induced
pluripotency. J Cell Sci. 2012;125(24):6094–104. https://doi.org/10.1242/
jcs.113019.

35. Hodge DQ, Cui J, Gamble MJ, Guo W. Histone variant MacroH2A1 plays an
isoform-specific role in suppressing epithelial-mesenchymal transition. Sci
Rep. 2018;8(1):841. https://doi.org/10.1038/s41598-018-19364-4.

36. Yip BH, Steeples V, Repapi E, Armstrong RN, Llorian M, Roy S, et al. The
U2AF1S34F mutation induces lineage-specific splicing alterations in
myelodysplastic syndromes. J Clin Invest. 2017;127(6):2206–21. https://doi.
org/10.1172/JCI91363.

37. Lavigne AC, Castells M, Mermet J, Kocanova S, Dalvai M, Bystricky K.
Increased macroH2A1.1 expression correlates with poor survival of triple-
negative breast cancer patients. PLoS One. 2014;9(6):e98930.

38. Kalsotra A, Xiao X, Ward AJ, Castle JC, Johnson JM, Burge CB, et al. A
postnatal switch of CELF and MBNL proteins reprograms alternative splicing
in the developing heart. Proc Natl Acad Sci U S A. 2008;105(51):20333–8.
https://doi.org/10.1073/pnas.0809045105.

39. Nusinow DA, Sharp JA, Morris A, Salas S, Plath K, Panning B. The histone
domain of macroH2A1 contains several dispersed elements that are each
sufficient to direct enrichment on the inactive X chromosome. J Mol Biol.
2007;371(1):11–8. https://doi.org/10.1016/j.jmb.2007.05.063.

40. Rappa F, Greco A, Podrini C, Cappello F, Foti M, Bourgoin L, et al.
Immunopositivity for histone macroH2A1 isoforms marks steatosis-
associated hepatocellular carcinoma. PLoS One. 2013;8(1):e54458. https://
doi.org/10.1371/journal.pone.0054458.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ma et al. BMC Cancer          (2021) 21:418 Page 9 of 9

https://doi.org/10.1053/j.semdp.2016.12.011
https://doi.org/10.1053/j.semdp.2016.12.011
https://doi.org/10.1038/nrm.2016.166
https://doi.org/10.1007/s00018-013-1343-z
https://doi.org/10.1128/MCB.05244-11
https://doi.org/10.1128/MCB.05244-11
https://doi.org/10.1038/nsmb.2390
https://doi.org/10.1038/nsmb956
https://doi.org/10.1038/onc.2009.26
https://doi.org/10.1002/(SICI)1097-4644(199704)65:1<107::AID-JCB11>3.0.CO;2-H
https://doi.org/10.1002/(SICI)1097-4644(199704)65:1<107::AID-JCB11>3.0.CO;2-H
https://doi.org/10.2217/epi.12.8
https://doi.org/10.2217/epi.12.8
https://doi.org/10.1016/j.canlet.2013.03.022
https://doi.org/10.1016/j.canlet.2013.03.022
https://doi.org/10.1158/0008-5472.CAN-15-1336
https://doi.org/10.1158/0008-5472.CAN-15-1336
https://doi.org/10.1093/nar/gkq994
https://doi.org/10.1128/MCB.06323-11
https://doi.org/10.1002/hep.29519
https://doi.org/10.1002/hep.29519
https://doi.org/10.1080/15592294.2018.1514239
https://doi.org/10.1136/gutjnl-2015-310838
https://doi.org/10.1136/gutjnl-2015-310838
https://doi.org/10.1073/pnas.0506580102
https://doi.org/10.7150/thno.35045
https://doi.org/10.7150/thno.35045
https://doi.org/10.1038/nature09590
https://doi.org/10.1016/j.ajpath.2012.02.027
https://doi.org/10.1074/jbc.M112.379412
https://doi.org/10.1038/nsmb.2903
https://doi.org/10.1038/nsmb.2903
https://doi.org/10.1242/jcs.113019
https://doi.org/10.1242/jcs.113019
https://doi.org/10.1038/s41598-018-19364-4
https://doi.org/10.1172/JCI91363
https://doi.org/10.1172/JCI91363
https://doi.org/10.1073/pnas.0809045105
https://doi.org/10.1016/j.jmb.2007.05.063
https://doi.org/10.1371/journal.pone.0054458
https://doi.org/10.1371/journal.pone.0054458

	Abstract
	Background
	Methods
	Result
	Conclusion

	Background
	Methods
	Collection of genetic and clinical data
	Gene set enrichment analysis
	Statistical analysis

	Result
	Clinical characteristics of patients with hepatocellular carcinoma
	The relationship between H2AFY and the clinical characteristics of hepatocellular carcinoma patients
	Survival analysis and clinical diagnostic efficacy of H2AFY
	GSEA enrichment analysis results of H2AFY

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

