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Abstract. Histone modifications of lysine residues have been 
implicated as having diagnostic and/or prognostic significance 
in numerous types of cancer. In the present study, the signifi-
cance of the histone H3 methylation of lysine 4 (H3K4) and 
lysine 27 (H3K27) were investigated in endometrial cancer. 
Specifically, immunohistochemical analysis was used to 
detect the cellular expression levels of H3K27 trimethylation 
(H3K27me3), H3K4 trimethylation (H3K4me3) and H3K4 
dimethylation (H3K4me2) in glandular epithelial tissues and 
stromal tissues. The association between the methylation 
levels of histone markers and clinicopathological parameters 
were analyzed. The results demonstrated that in epithelial 
cells, H3K4me2 and H3K4me3 exhibited the highest levels in 
endometrial cancer, followed by precancerous lesions and a 
normal endometrium. Low expression levels of H3K4me2 in 
glandular epithelium of endometrial cancer were significantly 
associated with a clinical early International Federation of 
Gynecology and Obstetrics stage (P=0.006). For stromal 
tissues, the expression level of H3K27me3 in Type 1 endo-
metrial cancer was significantly lower compared with that 
in the normal endometrium (P=0.043) and precancerous 
lesions (P<0.001). The expression level of H3K4me2 was 
significantly lower in the stroma of Type 1 and 2 cancer 
compared within the normal endometrium (P=0.005). A low 
H3K4me3 expression level in the stroma of endometrial cancer 
tissues was associated with P53‑negativity (P=0.032). In 
conclusion, the cellular expression levels of histone H3 methy
lation were differentially presented in glandular epithelial and 

stromal elements in endometrial tissues. A low expression 
level of activation marker H3K4me2 in glandular epithelium 
defined a subset of patients with early‑stage endometrial 
adenocarcinoma and may have potential prognostic value.

Introduction

Endometrial cancer poses a threat for the health of females, with 
~320,000 newly diagnosed cases each year worldwide (1). A 
total of 76,000 patients eventually succumb to this malignancy 
per year, making it the sixth most common type of cancer in 
females (2). In view of the increasing incidence, understanding 
how this malignancy is initiated and progresses is of great 
importance, and this knowledge is required. It is now well estab-
lished that in addition to genetic changes, epigenetic alterations, 
including DNA methylation and post‑translational histone 
modifications, which control chromatin accessibility and gene 
activity, are associated with the aberrant expression level of 
oncogenic or tumor‑suppressor genes. Chromatin‑modifying 
enzymes can catalyze reversible modifications of histones, in 
which lysine methylation serve an important role.

A repression marker, histone H3 lysine 27 trimethylation 
(H3K27me3), and two activating markers, histone H3 lysine 
4 dimethylation (H3K4me2) and histone H3 lysine 4 trimethyl-
ation (H3K4me3), were selected as they have been revealed to 
possess associations with cancer (3‑5). These, and other modifi-
cations, generate a combinatorial histone code that demarcates 
chromatin regions for transcription activation or repression. 
Recently, cellular patterns of histone modifications have been 
demonstrated to be prognostic indicators for numerous types of 
tumors, including prostate (6), kidney (7), lung (8), gastric (9), 
ovarian (10) and breast cancer (11); however, little is known 
about the global alteration of histone status during tumorigen-
esis, and cancer progression in endometrial cancer. The present 
study therefore aimed to assess the clinical significance of 
selected histone modifications in endometrial tissues, including 
the normal endometrium, precancerous lesions and endome-
trial cancer. The association between histone modifications and 
the clinicopathological data was analyzed in the present study.

Materials and methods

Research subject. After obtaining approval from the Obstetrics 
and Gynecology Hospital of Fudan University (Shanghai, 
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China) Ethics Committee, 99 endometrial tissues (including 
24 normal endometrial samples, 18 precancerous lesions, 
and 44 Type 1 and 13 Type 2 endometrial cancer samples) 
were obtained from patients treated in the Obstetrics and 
Gynecology Hospital of Fudan University between June 2008 
and December 2012. The mean age of all patients enrolled 
was 51.7±10.2 years. The mean ages of the normal group, 
precancerous group, and type 1 and type 2 cancer groups were 
47.5±7.2, 44.3±7.7, 56.4±8.8, and 55.15±12.4 years, respectively. 
Written informed consent was obtained from all patients prior 
to enrollment in the present study. Normal tissues, including 
12 proliferative, 9 secretory and 3 atrophic endometrial 
tissues, were obtained from patients who had benign disease, 
including adenomyosis or myoma, and 18 precancerous 
lesions, including 9 simple hyperplasia, 2 complex hyperplasia 
and 7 atypical hyperplasia tissues from patients who had 
irregular bleeding. Hematoxylin and eosin (H&E) (hema-
toxylin for 5 min and eosin for 10 sec at temperature between 
20‑24˚C) stained tissue sections adjacent to the tissue sections 
obtained for immunohistochemical staining of all specimens 
were reviewed by an experienced pathologist to confirm the 
diagnosis. For patients with endometrial cancer, the clinico-
pathological parameters, including International Federation of 
Gynecology and Obstetrics (FIGO) stage, tumor grade, depth 
of myometrial invasion and p53, as well as estrogen receptor 
(ER), progesterone receptor (PR) and lymph‑vascular space 
invasion (LVSI) evaluations, were collected. The surgical 
pathology stage was determined in accordance with the 2009 
FIGO guidelines (12).

Immunohistochemistry. Antigen retrieval and antibody 
dilutions were optimized prior to the initiation of the study 
(Mingrui Biotech, Shanghai, China). Diagnosis of each case 

was made by two experienced pathologists without discre
pancy. To ensure uniformity, all tissue sections were processed 
synchronically. The H&E tissue sections (4 µm) adjacent to 
the sections used for immunohistochemistry assessment were 
used for pathological diagnosis. The working dilutions of 
anti‑H3K27me3 antibodies (cat. no. CST 9733s; Cell Signaling 
Technology, Inc., Danvers, MA, USA), anti‑H3K4me2 
antibodies (cat. no. Ab32356; Abcam, Cambridge, UK) and 
anti‑H3K4me3 antibodies (cat. no.  Ab8580; Abcam) were 
1:100. Endogenous peroxidase activity was blocked using 
0.3% H2O2. Slides were washed and incubated with the 
biotinylated secondary antibody (polyclonal goat anti‑rabbit; 
Histostain‑Plus IHC kit; Mingrui Biotech, Shanghai, China) 
for 45 min at 37˚C and washed with PBS.

Procedures were performed using an immunohistochem-
istry kit (MR Biotech Ltd., Shanghai, China), according to 
the manufacturer's protocol. Tissue staining intensities were 
assessed using double‑blinded quantitative scoring. For 
the semi‑quantitative analysis, 5 fields of each slide were 
randomly selected under magnification, x10 and further read 
under magnification, x40 using light microscope. Positive 
staining refers to dark brown granules within the nuclear 
region, with or without brown granules in the cytoplasm. The 
percentages of positive cells were assessed independently by 
two observers and the mean values of their results was used 
for evaluation.

Statistical analysis. All data were statistically analyzed by an 
independent‑sample t‑test (Students' t‑test) or one‑way analysis 
of variance (ANOVA, Bonferroni used as post‑hoc test) using 
SPSS version 20.0 (IBM Corp., Armonk, NY, USA). The data 
were presented as mean ± standard deviation. P<0.05 was 
considered to indicate a statistically significant difference.

Figure 1. Representative images of immunohistochemistry staining. (A) Normal endometrium, (B) precancerous lesions, (C) Type 1 endometrial cancer 
and (D) Type 2 endometrial cancer tissues stained forH3K27me3. (E) Normal endometrium, (F) precancerous lesions, (G) Type 1 endometrial cancer and 
(H) Type 2 endometrial cancer tissues stained for H3K4me2. (I) Normal endometrium, (J) precancerous lesions, (K) Type 1 endometrial cancer and (L) Type 2 
endometrial cancer tissues stained for H3K4me3. All images were captured at magnification x200 using light microscopy. H3K27me3, histone H3 lysine 27 
trimethylation; H3K4me2, histone H3 lysine 4 dimethylation; H3K4me3, histone H3 lysine 4 trimethylation.
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Results

Samples from 24 normal endometrial tissues, 18 precancerous 
lesions, and 44 type 1 and 17 type 2 endometrial cancer tissues 
were retrieved. The present study observed the methylation 
expression level of three markers, H3K27me3, H3K4me2 and 
H3K4me3, by immunohistochemistry in the epithelial, and 
stromal compartments of tissues. Fig. 1 Presents the represen-
tative images.

The patients with type 2 cancer were postmenopausal; 
therefore, the present study compared the methylation levels 
of the markers in two sessions: Type 1 cancer with a normal 
endometrium and hyperplasia tissue; and type 2 cancer with an 
atrophic endometrium. For normal endometrium, the present 
study used one‑way ANOVA to determine whether there were 
significant differences among the proliferative, secretory and 
atrophic endometrium tissues. As presented in Fig. 2A, in 

glandular epithelium, H3K27me3 demonstrated no difference 
in cancerous tissues and noncancerous tissues; however, in 
stromal tissue, the expression level of H3K27me3 was lowest 
in the stroma of Type 1 endometrial cancer compared with in 
the normal endometrium (P=0.002) and precancerous lesions 
(P=0.001; Fig. 2B).

H3K4me2 was highly expressed in the glandular epithelium 
of Type 1 endometrial cancer compared with in the normal 
endometrium (P=0.007) and precancerous lesions (P<0.001; 
Fig. 2C). Conversely, in the stroma, a lower expression level 
of H3K4me2 was identified in Type 1 endometrial cancer 
compared with precancerous lesions (P=0.012; Fig.  2D). 
Similarly, a lower expression level of H3K4me2 in the stroma 
was demonstrated in Type 2 endometrial cancer compared 
with intheatrophic endometrium (P=0.009).

In glandular epithelium (Fig. 2E), the expression level of 
H3K4me3 was higher in Type 1 endometrial cancer compared 

Figure 2. Semi‑quantified IHC results of H3K27me3, H3K4me2 and H3K4me3 markers. The expression levels of three histone methylation markers in 
endometrial tissue that were semi‑quantified according to the IHC results and compared between various groups. The X axis represents different tissue groups 
and the Y axis represents positive rates of the three markers. The expression level of H3K27me3 in (A) in the epithlium and (B) stroma. The expression level of 
H3K4me2 in (C) in the epithelium and (D) stroma. The expression level of H3K4me3 in (E) in the epithlium and (F) stroma. ***P<0.0001, ***P<0.001, **P<0.01, 
*P<0.05. IHC, immunohistochemistry; H3K27me3, histone H3 lysine 27 trimethylation; H3K4me2, histone H3 lysine 4 dimethylation; H3K4me3, histone H3 
lysine 4 trimethylation.
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within the normal endometrium (P=0.02) and precancerous 
lesions (P<0.001), which was similar to the expression level of 
H3K4me2. The H3K4me3 expression levels were also higher 
in epithelial cells of Type 2 endometrial cancer compared 
within the atrophic endometrium (P=0.002). Lower expres-
sion levels of H3K4me3 in the stroma were revealed in Type 1 
endometrial cancer compared with in the normal endometrium 
(P=0.03; Fig. 2F).

Subsequently, the present study investigated the asso-
ciation between the expression levels of histone modification 
markers and clinicopathological features in endometrial 
cancer.

As presented in Tables I and II, there were no significant 
differences between the H3K27me3 expression levels and 
clinical characteristics, including FIGO stage, tumor grade, 
depth of myometrial invasion, P53, ER, PR, and LVSI. In the 
epithelial elements of Type 1 endometrial cancer, a low expres-
sion level of H3K4me2 was associated with an early FIGO 
stage (P=0.006). In the stroma of Type 2 endometrial cancer, 

a low expression level of H3K4me3 was associated with P53 
negativity (P=0.032).

Discussion

Histone is the key component of nucleosomes and serves a 
significant role in epigenetics. Numerous epigenetic studies 
have investigated the role of DNA methylation (13‑15), but 
there are few reports regarding histone methylation and 
its significance in endometrial cancer. To the best of our 
knowledge, the present study analyzed the expression of 
H3K4me2, H3K4me3 and H3K27me3 in endometrial tissues 
by immunohistochemistry for the first time, assessing the 
potential association between endometrial cancer progression, 
and the expression levels of these three markers.

The trimethylation of H3K27 is associated with the 
transcriptional inhibition of genes. Enhancer of zeste 2 poly-
comb repressive complex 2 subunit, a methyl‑transferase for 
H3K27, is upregulated in a variety of tumors and serves an 

Table I. Association between the expression levels of histone modification markers and clinicopathological features in glandular 
epithelium of endometrial cancer.

Clinicopathological characteristic	 H3K27me3	 P‑valuea	 H3K4me2	 P‑valueb	 H3K4me3	 P‑valuec

FIGO stage 		  0.325		  0.006		  0.814
  I	 0.58±0.22		  0.42±0.18		  0.47±0.27	
  II‑IV	 0.49±0.31		  0.60±0.20		  0.49±0.30	
Tumor grade 		  NS		  NS		  NS
  G1	 0.56±0.27		  0.47±0.14		  0.47±0.29	
  G2	 0.63±0.16		  0.61±0.26		  0.48±0.21	
  G3	 0.43±0.33		  0.54±0.17		  0.43±0.33	
  Type 2	 0.63±0.34		  0.55±0.23		  0.46±0.08	
Endometrial infiltration		  NS		  NS		  NS
  Limited to endometrium	 0.58±0.39		  0.33±0.15		  0.29±0.30	
  <1/2	 0.58±0.19		  0.44±0.17		  0.44±0.29	
  ≥1/2	 0.47±0.34		  0.60±0.20		  0.32±0.33	
P53		  0.105		  0.339		  0.631
  Negative	 0.57±0.23		  0.48±0.19		  0.39±0.30	
  Positive	 0.76±0.13		  0.58±0.21		  0.46±0.40	
ER		  0.193		  0.078		  0.723
  Negative	 0.40±0.33		  0.61±0.20		  0.37±0.34	
  Positive	 0.61±0.20		  0.46±0.19		  0.42±0.30	
PR		  0.773		  0.653		  0.460
  Negative	 0.53±0.39		  0.60±0.43		  0.30±0.32	
  Positive	 0.49±0.29		  0.47±0.17		  0.42±0.31	
LVSI		  0.182		  0.682		  0.234
  No	 0.60±0.24		  0.51±0.17		  0.42±0.28	
  Yes	 0.48±0.26		  0.48±0.21		  0.28±0.28	

Data were presented as the mean ± standard deviation. aComparison between the level of H3K27me3 in glandular epithelium of endometrial 
cancer in different indexes, such as FIGO stage I and FIGO stage II‑IV. bComparison between the level of H3K4me2 in glandular epithelium 
of endometrial cancer in different indexes. cComparison between the level of H3K4me3 in glandular epithelium of endometrial cancer in 
different indexes. NS, not significant; FIGO, International Federation of Gynecology and Obstetrics; ER, estrogen receptor; PR, progesterone 
receptor; LVSI, lymph‑vascular space invasion; H3K27me3, histone H3 lysine 27 trimethylation; H3K4me2, histone H3 lysine 4 dimethyla
tion; H3K4me3, histone H3 lysine 4 trimethylation. 
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essential role in tumor promotion (2,16); our previous study 
reached the same conclusion (17). Certain studies have widely 
associated H3K27me3 with gene silencing and transcriptional 
inhibition (6,18); however, these studies have not achieved a 
consensus on the level of H3K27me3 and the significance 
of its aberrant expression in human tumorigenesis. Previous 
studies have suggested that the low expression level of 
H3K27me3 in tumor tissues may enhance the expression of 
oncogenes and consequently promote tumor growth (19‑22); 
however, Nakazawa et al (23) revealed no significant differ-
ences when comparing the expression levels of H3K4me2 and 
H3K27me3 in 85 cases of colorectal cancer with the paired 
normal colorectal tissues. Conversely, high expression levels 
of H3K27me3 were detected in other neoplasms (24,25). In the 
present study, the expression level of H3K27me3 in the endo-
metrial stroma was significantly lower in Type 1 endometrial 
cancer compared within the normal endometrium (P=0.043) 
and precancerous lesions (P<0.001). A low expression level 
of H3K27me3 may predict a more aggressive biological 

behavior in endometrial carcinoma; however, there were no 
significant differences in glandular epithelium of cancerous 
tissues and noncancerous tissues, which may be due to insuf-
ficient sample sizes. Stroma‑tumor communication serves 
an important role in the genesis of neoplasia (26). The endo-
metrium is composed of epithelium and lamina propria. The 
epithelium comprises columnar epithelial cells (endometrial 
epithelial cells) with a secretary function. Lamina propria 
consists of endometrial stromal cells (ESCs), immune cells, 
reticular fibers, matrix, blood vessels and nerves, forming 
the microenvironment of the epithelial cells. Tan et al (27) 
demonstrated that the epithelial‑to‑mesenchymal transition 
of prostate cancer cells was inhibited by adiponectin (ADN), 
which is also inversely correlated with the risk of endometrial 
cancer (28), with decreasing expression levels of H3K27me3 
at the ADN promoter in 22RV1cells (a human prostate cancer 
cell line). To date, to the best of our knowledge, no previous 
study has focused on the association between adiponectin and 
H3K27me3 in stromal cells of endometrial cancer. Future 

Table  II. Association between the expression levels of histone modification markers and clinicopathological features in the 
stroma of endometrial cancer.

Clinicopathological characteristic	 H3K27me3	 P‑valuea	 H3K4me2	 P‑valueb	 H3K4me3	 P‑valuec

FIGO stage 		  0.514		  0.910		  0.437
  I	 0.18±0.16		  0.20±0.15		  0.27±0.17	
  II‑IV	 0.15±0.13		  0.20±0.07		  0.22±0.17	
Tumor grade 		  NS		  NS		  NS
  G1	 0.16±0.12		  0.22±0.19		  0.22±0.15	
  G2	 0.08±0.03		  0.17±0.05		  0.26±0.18	
  G3	 0.18±0.15		  0.27±0.12		  0.15±0.15	
  Type 2	 0.19±0.28		  0.12±0.08		  0.41±0.30	
Endometrial infiltration		  NS		  NS		  NS
  Limited to endometrium	 0.15±0.18		  0.08±0.06		  0.34±0.27	
  <1/2	 0.15±0.14		  0.18±0.15		  0.22±0.17	
  ≥1/2	 0.10±0.10		  0.19±0.09		  0.13±0.15	
P53		  0.394		  0.112		  0.032
  Negative	 0.16±0.15		  0.19±0.14		  0.20±0.15	
  Positive	 0.10±0.07		  0.09±0.08		  0.36±0.25	
ER		  0.217		  0.818		  0.395
  Negative	 0.09±0.11		  0.18±0.09		  0.16±0.16	
  Positive	 0.16±0.15		  0.19±0.15		  0.23±0.19	
PR		  0.096		  0.877		  0.163
  Negative	 0.03±0.04		  0.20±0.13		  0.10±0.14	
  Positive	 0.16±0.15		  0.19±0.14		  0.23±0.19	
LVSI		  0.853		  0.731		  0.203
  No	 0.14±0.15		  0.17±0.14		  0.22±0.18	
  Yes	 0.15±0.09		  0.19±0.11		  0.13±0.16	

Data were presented as the mean ± standard deviation. aComparison between the level of H3K27me3 in the stroma of endometrial cancer 
in different indexes, such as FIGO stage I and FIGO stage II‑IV. bComparison between the level of H3K4me2 in the stroma of endometrial 
cancer in different indexes. cComparison between the level of H3K4me3 in the stroma of endometrial cancer in different indexes. NS, no 
statistic difference; FIGO, International Federation of Gynecology and Obstetrics; ER, estrogen receptor; PR, progesterone receptor; LVSI, 
lymph‑vascular space invasion; H3K27me3, histone H3 lysine 27 trimethylation; H3K4me2, histone H3 lysine 4 dimethylation; H3K4me3, 
histone H3 lysine 4 trimethylation. 
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studies are required to assess its potential role as a prognostic 
marker.

Presently, there is no definite understanding of H3K4me2 
in cancer tissues. Previous studies suggested that it was posi-
tively associated with a poor prognosis in tumors (29,30), 
whereas others held converse opinions (31,32) or revealed 
no difference between the H3K4me2 expression levels and 
prognoses (23). In the present study, the H3K4me2 expression 
levels increased with the malignant degree of endome-
trial tissues in the epithelium, indicating that H3K4me2 
was involved in the oncogenesis of endometrial cancer. 
Furthermore, low expression levels of H3K4me2 in glandular 
epithelium of endometrial cancer were significantly associ-
ated with a clinical early FIGO stage (P=0.006). This finding 
indicated that endometrial cancer with high expression levels 
of H3K4me2 tended to be more invasive. Lei et al (33) and 
Liu et al (34) demonstrated that LIM‑only protein 3 and PR 
domain containing 16 were associated with a poor prog-
nosis in patients with astrocytoma and glioma. Both were 
indirectly inhibited by the tumor suppressor microRNA‑101 
with decreased H3K4me2 expression levels  (33,34). 
Cannuyer et al  (35) revealed that MAGE family member 
A1 demethylation and activation in melanoma cells were 
associated with decreased expression levels of H3K9me2, 
and increased expression levels of H3ac and H3K4me2, 
where they encode tumor‑specific antigens. Conversely, the 
stromal expression level of H3K4me2 was significantly lower 
in type 1 and type 2 endometrial cancer compared within 
the normal endometrium (all P=0.005). Different expression 
levels of H3K4me2 in the epithelium and stroma may indi-
cate diverse mechanisms, and influences. Further studies are 
required to explore the role of histone modifications in the 
stroma in order to elucidate the interactive effect between the 
microenvironment and tumor cells.

The association between H3K4me3 expression level and 
the prognosis of tumors also remains controversial. In an 
effort to assess the cellular expression level of H3K4me3 in 
HCC and its association with clinicopathological variables 
and outcomes, expression levels of H3K4me3, and histone 
methyltransferase SET and MYND domain‑containing 
protein 3were investigated using western blotting, and 
immunohistochemistry in cell lines and tumor tissue micro-
arrays from a well‑characterized series of patients with HCC 
(n=168) (29). The author compared two experimental results, 
and revealed that patients with maximum tumor diameters of 
<5 cm, a low tumor‑node‑metastasis score, no intravascular 
invasion and no recurrence of hepatocellular carcinoma had 
a lower expression level of H3K4me3 (P<0.05) (29). It was 
also demonstrated that as the expression level of H3K4me3 
increased, the prognosis of patients suffering from HCC 
worsened (P<0.0001)  (36). However, this conclusion has 
been disputed by another report (37). In the present study, the 
expression levels of H3K4me3 increased with the malignant 
degree of endometrial tissues in the epithelium; however, 
the specific underlying mechanism remains to be further 
explored. The factor p53 has a high level of association 
with tumors in humans. The overexpression of p53 is often 
observed in malignant tumors and can be a reliable marker 
for enhanced proliferation (38). In the present study, a low 
expression level of H3K4me3 in the stroma was associated 

with p53‑negativity (P=0.032), which predicts a benign 
prognosis in humans with endometrial cancer. Tang et al (39) 
demonstrated that enhancer/promoter‑bound p53, via direct 
interactions, recruits p300 and SET1 complex (SET1C) to 
affect associatedH3K4me3 events via additional p300‑SET1C 
interactions at the contiguous enhancer‑core promoter 
region. Mungamuri et al (40) revealed that in response to 
p53 stabilization, its pro‑apoptotic target promoters become 
enriched with the H3K4me3 epigenetic mark and its readers. 
Lauberth  et  al  (41) also demonstrated a direct effect of 
H3K4me3 on p53‑dependent transcription. It may serve as a 
potential therapeutic target for the treatment of endometrial 
cancer. Future studies are required to further evaluate the 
biological function of H3K4me3 in endometrial tissue and 
prospectively assess its potential role as a prognostic marker.

The majority of previous studies have focused on glands; 
however, few have paid attention to the stroma in endometrial 
cancer. The pathological diagnosis of endometrial cancer 
primarily depends on its glandular component in a high state 
of dysplasia. The stromal components of tumors (vascular, 
lymphatic interstitial and protein) serve an important role 
during the tumor growth and development. The roles of the 
stroma and its properties have not been studied extensively. 
ESCs and gland cells maybe homologous during embryogen-
esis for development from the Mullerian duct (42). ESC and 
gland cells express steroid receptors, meaning that they are 
regulated by steroid hormones in the peripheral blood (43). 
Furthermore, the development of cancer of gland cells accom-
panies the decline of ESCs until they disappear (44). The 
present study analyzed the expression level of histone methyl-
ation in the stroma of endometrial tumors, and proposed that 
the expression levels of H3K27me3 and H3K4me2 are low in 
the stroma of endometrial cancerous tumors. Low expression 
levels of H3K4me3 in the stroma of endometrial cancerous 
tumors may be associated with poor prognosis.
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