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Abstract
Background: Transformed follicular lymphoma (TFL,
ZC3H12D) was identiﬁed as a candidate tumor suppressor
gene that contributes to cell-cycle arrest through regulation
of Rb phosphorylation, but the clinical impact of TFL is
unknown. The goal of this study was to evaluate the prognostic
signiﬁcance of TFL expression in advanced endometrial cancer.
Methods: Tissue samples were obtained from 103 patients
with Federation Internationale des Gynaecologistes et Obstetristes stage III–IV endometrial cancer. Associations between
TFL expression and outcomes were evaluated using the
Kaplan–Meier method and multivariate Cox proportional
hazards regression models.
Results: There were 24 TFL-low cases (23.3%) and the 10-year
progression-free survival (PFS) and overall survival (OS) in these
cases were lower than those for patients with normal TFL
expression in univariate analysis (PFS, P ¼ 0.003; OS, P ¼

Introduction
Endometrial cancer is the most common gynecologic malignancy, accounting for 30% of all gynecologic cancer-related
deaths (1). Most patients (75%) with the disease are diagnosed
at an early stage in Federation Internationale des Gynaecologistes
et Obstetristes (FIGO) stages I and II, and the 5-year overall
survival (OS) rate is 74% to 91%. However, despite improvements in surgical treatment and adjuvant therapy for patients with
advanced endometrial cancer in FIGO stages III and IV, the 5-year
OS rates are 57% to 66% and 20% to 26%, respectively (1–3).
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0.106). In multivariate analysis, TFL status was a signiﬁcant
predictor for PFS [HR ¼ 2.76; 95% conﬁdence interval (CI),
1.45–5.28; P ¼ 0.002] and OS (HR ¼ 1.94; 95% CI, 0.91–4.11;
P ¼ 0.085), adjusted for covariates. The TFL gene maps to human
chromosome 6q25.1, where estrogen receptor alpha (ERa) gene
ESR1 is also located. Lack of ERa expression is a poor prognostic
factor in early endometrial cancer. Among 41 ERa-low patients,
10-year PFS was signiﬁcantly lower in 15 TFL-low cases (univariate analysis, P ¼ 0.055; multivariate analysis, HR ¼ 4.70;
95% CI, 1.68–13.20; P ¼ 0.003).
Conclusions: We identiﬁed TFL as a strong independent
prognostic factor, regardless of ERa status.
Impact: An investigation of the mechanism underlying
tumor suppression by TFL may lead to new therapies for
patients with advanced endometrial cancer. Cancer Epidemiol
Biomarkers Prev; 27(8); 1–7. 2018 AACR.

Prognostic molecular markers for endometrial cancer have been
described in several studies, but are not used for treatment
decision-making, because most markers correlate with histologic
type and are restricted to early-stage disease (3–5). Therefore,
therapeutic strategies are determined by the FIGO stage and
tumor–node–metastasis classiﬁcation, combined with pathologic ﬁndings, including histologic type, myometrial invasion, peritoneal cytology, cervical stromal invasion, and lymphovascular
invasion (3, 6–9).
Advanced endometrial cancer is a systemic disease that is fatal
in many cases, but there are survivors for more than 5 years.
Outcomes are thought to correlate with biological factors such as
chemosensitivity, proliferative ability, and invasive ability (1–3).
The current risk stratiﬁcation has limitations for improvement of
therapeutic strategies because it is not based on biology. Treatments including molecular targeted agents are under development, but not all patients beneﬁt from these treatments. Therefore, it is particularly important to deﬁne the risk using a molecular approach and to evaluate molecular targets for improving the
prognosis of advanced endometrial cancer.
Transformed follicular lymphoma (TFL, ZC3H12D) was ﬁrst
identiﬁed as a gene at the breakpoint of the t(2;6)(p12;q25)
chromosome translocation in a patient with lymphoma in whom
disease transformed from follicular lymphoma (10), the common
form of indolent lymphoma, to diffuse large B-cell lymphoma, an
aggressive type. The TFL gene maps to human chromosome 6q25.1,
where the estrogen receptor alpha (ERa) gene ESR1 is also located.
ERa expression status is a validated prognostic molecular marker in
early-stage endometrial cancer, but this is not clear for the advanced
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stage (11–14). We evaluated the association between TFL expression and ERa expression in this study.
TFL is a candidate tumor suppressor gene that contributes to
cell-cycle arrest and RNA regulation (15). There have only been a
few reports on TFL, and its clinical signiﬁcance is unclear. Here, we
establish TFL as a new prognostic marker in advanced endometrial
cancer. This is the ﬁrst study of the clinical signiﬁcance of TFL in a
malignant neoplasm.

Materials and Methods
Patients
All patients in the study were diagnosed with endometrial
cancer and treated at Hyogo Cancer Center (Akashi, Japan)
between January 1, 1997, and December 31, 2012. Data were
collected for 103 patients with cancer of FIGO stages III–IV who
satisﬁed the following inclusion criteria: (i) primary endometrial
cancer (except for mesenchymal and malignant mixed M€
ullerian
tumor); (ii) primary surgical treatment and adjuvant treatment;
and (iii) no history of malignant neoplasms other than endometrial cancer. An attending pathologist and gynecologic pathologist
reviewed the histologic type based on World Health Organization
criteria (16) in all cases. Follow-up was performed at the Hyogo
Cancer Center with routine transvaginal ultrasonography, vaginal
cytology, serum tumor markers, and systematic radiography.
Clinicopathologic variants and dates of primary surgery, disease
progression, death, or last follow-up were retrieved from hospital
records. Written informed consent was obtained from all the
subjects, and the Institutional Review Board of the Hyogo Cancer
Center approved this investigation (#H25-R-4).
IHC
Representative formalin-ﬁxed, parafﬁn-embedded surgical specimens were selected from the 103 cases. An anti-TFL mAb was
generated by immunizing GST-tagged human recombinant TFL

(17, 18). TFL IHC was performed on 5-mm sections using a Leica
BOND-MAX autostainer (Leica Microsystems). Tissue sections
were treated for heat-induced epitope retrieval using Leica Bond
Epitope Retrieval Solution (ER-2, Leica Microsystems) for 20
minutes at 100 C and incubated with a primary anti-TFL antibody
for 20 minutes at room temperature. The primary antibody was
detected with a Leica Bond Polymer Reﬁne DAB detection system
(Leica Microsystems). Sections were counterstained with hematoxylin. Samples of spleen known to yield positive staining for TFL
(15, 17, 19) were used as positive controls. TFL expressed in
lymphocytes in the splenic marginal zone is shown in Supplementary Fig. S1A. ERa IHC was carried out with a Ventana
BenchMark Ultra system using a primary antibody against ERa
(CONFIRM anti-Estrogen Receptor, clone SP1) and an iVIEW
DAB Universal Kit, and counterstained with Hematoxylin II (all
Ventana, Roche Diagnostics), according to the standard Ventana
protocols. Substituting the primary antibody with mouse IgG2b
(DAKO) for TFL and Rabbit Monoclonal Negative Control Ig
(Ventana) for ERa was used as negative control.
Evaluation of staining
All patients were assessed for TFL and ERa expression. Slides
were scored individually using standard light microscopy for IHC
staining while blinded to patient characteristics and outcomes.
TFL expression was evaluated independently by three of the
authors (one gynecologic pathologist and two experienced gynecologists), and ERa expression was evaluated by two of the
authors (both experienced gynecologists). Scoring for staining
was performed in a semiquantitative manner using the H-score to
take into account the intensity and heterogeneity of expression.
The staining intensity was deﬁned as follows: 0 ¼ no staining,
even at high magniﬁcation; intensity 1 ¼ staining only at high
magniﬁcation; 2 ¼ clear staining, but not intense at low magniﬁcation; and 3 ¼ intense staining, even at low magniﬁcation
(TFL, Fig. 1; ERa, Supplementary Fig. S1B). The H-score was

Figure 1.
IHC staining showing intensity of TFL
expression in the cytoplasm of
endometrial cancer cells. The arrows
show representative staining
intensity.
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calculated as the product of the staining intensity and the
percentage of tumor cells stained, which gives a score ranging
from 0 to 300.
Statistical analysis
The primary aim of the study was to evaluate the prognostic
impact of TFL expression. Therefore, progression-free survival
(PFS) was deﬁned as the primary endpoint and overall survival
(OS) as a secondary endpoint. PFS was deﬁned as the time from
the date of primary surgery to that of disease progression, death, or
censored at last follow-up. OS was deﬁned as the time from the
date of primary surgical resection to that of death for any reason or
censored at last follow-up. Prognostic impact of TFL expression
and other covariates were evaluated using the Kaplan–Meier
method with a log-rank test. Multivariate Cox proportional
hazards regression models were used to evaluate TFL expression,
with covariates of age, FIGO stage, histologic type, myometrial
invasion, and peritoneal cytology. HRs with 95% conﬁdence
intervals (95% CI) were calculated. Effects of clinicopathologic
variables on TFL expression were evaluated by Mann–Whitney U
test. Statistical analyses were conducted using GraphPad Prism
5.0d (GraphPad Software Inc.) or R for Mac OS X (R 3.1.0 GUI
1.64 Mavericks build), with a two-sided P < 0.05 considered to
indicate statistical signiﬁcance.

Results
Characteristics of patients
Clinicopathologic characteristics of the 103 patients with FIGO
stage III–IV endometrial cancer are shown in Table 1. No patients
had received preoperative chemotherapy or radiotherapy. All underwent total hysterectomy and bilateral salpingo-oophorectomy
with or without omentectomy, accompanied by lymphadenectomy
or lymph node sampling in 89 cases. Patients were classiﬁed as
FIGO stages IIIA (19.4%), IIIB (1.9%), IIIC1 (38.8%), IIIC2
(16.5%), and IVB (23.3%). No cases were in stage IVA with
extension of the disease to the rectum or bladder. After surgery,
101 patients received adjuvant platinum-based chemotherapy, and
two received platinum-based chemoradiotherapy. During a median
follow-up period of 71 months (range, 5–199 months), there were
43 relapses and 35 deaths.
TFL expression levels in control endometrium and endometrial
cancer
Evaluation of TFL H-scores by scatter plot analysis was used to
compare TFL expression between control endometrium and
endometrial cancer. Control endometrium samples were collected from surgical specimens in 41 cases of benign gynecologic
disease (23 pre- and 18 postmenopausal cases). A gynecologic
pathologist reviewed all slides to conﬁrm the absence of neoplasms, hyperplasia, and other gynecologic diseases in the endometrium. The median TFL H-score was signiﬁcantly higher in
endometrial cancer compared with that in control endometrium
samples (70 vs. 100, P ¼ 0.001; Fig. 2). Differences in TFL H-scores
were more prominent in premenopausal cases (P ¼ 0.003) than in
postmenopausal cases (P ¼ 0.061).
Prognostic impact of clinicopathologic variables and
relationship with TFL expression
The risk of recurrence and mortality were evaluated based on
univariate and multivariate analyses of clinicopathologic vari-
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Table 1. Clinical characteristics of 103 patients with advanced endometrial
cancer
Variable
Number of patients
Age (range, 34–78 y)
<57 y
51
57 y
52
FIGO stage
IIIA–IIIC2
79
IV
24
Histologic type I
63
Endometrioid grade 1
29
Endometrioid grade 2
34
Histologic type II
40
Endometrioid grade 3
15
Serous
20
Clear
1
Undifferentiated
4
Myometrial invasion
<50%
45
50%
58
Peritoneal cytology
Negative
59
Positive
44
Cervical stromal invasion
Negative
73
Positive
30
Lymphovascular invasion
Negative
23
Positive
80
Primary treatment surgery
Lymphadenectomy
79
Lymph-node sampling
10
No lymphadenectomy
14
Primary treatment adjuvant chemotherapy
TC or DC
70
AP
10
CAP
16
CAP or TC plus irradiation
5
Chemoradiotherapy
2
Abbreviations: AP, doxorubicin þ cisplatin; CAP, cyclophosphamide þ doxorubicin þ cisplatin; DC, docetaxel þ carboplatin; TC, paclitaxel þ carboplatin.

ables (Supplementary Table S1). In univariate analysis, age, FIGO
stage, histologic type, myometrial invasion, and peritoneal cytology were associated with 10-year PFS or OS. Cervical stromal
invasion (negative vs. positive: 10-year PFS, 62% vs. 43%, P ¼
0.025; 10-y OS, 73% vs. 48%, P ¼ 0.025) and lymphovascular
invasion (negative vs. positive: 10-year PFS, 68% vs. 53%, P ¼
0.129; 10-year OS, 75% vs. 64%, P ¼ 0.212) tended to be
associated with prognosis and were excluded as confounders in
multivariate analysis because of multicollinearity with myometrial invasion status. Therefore, age, FIGO stage, histologic type,
myometrial invasion, and peritoneal cytology were deﬁned as
confounders in multivariate analysis. Scatter plot analyses
showed that TFL expression was not correlated with these variables (Supplementary Fig. S2).
Lack of TFL expression as a risk factor for PFS and OS
Multivariate analysis indicated that TFL expression was signiﬁcantly associated with OS and PFS when performed in a
stepwise manner with cutoff values for TFL H-score adjusted for
age, FIGO stage, histologic type, myometrial invasion, and
peritoneal cytology (Supplementary Fig. S3A). The frequency
distribution of the TFL H-score showed a bimodal pattern with
a dip at 60 and peaks at 20 and 100 (Supplementary Fig. S3B).
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poor prognosis in our patients, but in multivariate analysis, ERa
expression was not independent of clinicopathologic variables
(Supplementary Table S2). Scatter plot analyses showed that TFL
H-scores were signiﬁcantly correlated with ERa expression status
(Fig. 4A). In the ERa-low group, the scatter plot was clearly
divided into cases with high and low TFL expression, but this
did not occur in the ERa-high group. A Kaplan–Meier plot of PFS
clearly showed that TFL was a deﬁnitive prognostic marker,
regardless of ERa status (Fig. 4B). The effect of TFL was more
prominent in the ERa-low group (Supplementary Table S3;
Supplementary Fig. S5). OS showed a similar trend to PFS
(58% vs. 44%, P ¼ 0.635; adjusted HR ¼ 2.86; 95% CI, 0.88–
9.34; P ¼ 0.081). In the ERa-high group, PFS and OS were not
associated with TFL expression status (PFS: 67% vs. 56%, P ¼
0.295, adjusted HR ¼ 1.78; 95% CI, 0.49–6.47; P ¼ 0.381; OS:
77% vs. 67%, P ¼ 0.358, adjusted HR ¼ 1.78; 95% CI, 0.38–8.35;
P ¼ 0.468).
Figure 2.
TFL expression in control endometrium (Control EM) compared with
endometrial cancer (Cancer). Each bar is the mean TFL H-score  SE.

From this result, a TFL H-score 60 was deﬁned as indicating
low TFL expression status.
Of the 103 patients, 24 (23.3%) were classiﬁed as TFL-low. In
univariate analysis, OS and PFS were signiﬁcantly associated with
TFL expression status (Fig. 3). In multivariate analysis adjusted for
age, FIGO stage, histologic type, myometrial invasion, and peritoneal cytology, lack of TFL expression remained as an independent predictor of a poor prognosis (Table 2). The outcome in each
subgroup of clinicopathologic variables was visualized using
forest plots of HRs and 95% CIs from multivariate analysis
(Supplementary Fig. S4). For PFS, this analysis showed that lack
of TFL expression was a risk for recurrence, regardless of clinicopathologic variables, except myometrial invasion <50%. A similar
result was obtained for OS, with association with TFL expression
more prominent in subgroups with age 57, myometrial invasion 50%, and positive peritoneal cytology.
Association of TFL expression with ERa expression
The association between TFL expression and ERa expression
was evaluated because TFL maps to human chromosome 6q25.1,
where the ERa gene, ESR1, is also located. In previous studies
(11–14), ERa cutoff values have been based on staining intensity
and staining area. For these reasons and due to the frequency
distribution (Supplementary Fig. S3C), we also deﬁned an ERa
H-score 30 as the cutoff point for low ERa expression status. In
univariate analysis, lack of ERa expression was associated with a

Discussion
The results of this study provide important insights into lack of
TFL expression as a poor prognostic marker in advanced endometrial cancer. Most molecular markers for endometrial cancer
are restricted to early-stage disease and correlate with pathologic
ﬁndings. In contrast, there is no deﬁnitive marker for advanced
endometrial cancer (3–5). For this reason, risk stratiﬁcations of
clinical staging combined with pathologic ﬁndings are used in
clinical decisions in endometrial cancer (3, 6–9). Survival of
patients with advanced endometrial cancer may be improved by
a reliable prognostic marker and innovative treatment strategies.
Our results show that lack of TFL expression is an independent
prognostic factor for this disease. Also, TFL may serve as a target in
new treatment strategies for endometrial cancer.
TFL is a member of the Zc3h12 family (Zc3h12a, 12b, 12c, and
12d) of single CCCH-type zinc ﬁnger motifs; hence, it is named
Zc3h12d (20). There is a close relationship between the immune
system and Zc3h12 proteins (18, 19, 21, 22), and the importance
of Zc3h12 proteins in cancer has recently been shown. For
example, MCPIP (Zc3h12a) has a regulatory role in the c-Maf/
IL4 axis via Dicer function in processing of small RNAs such as
miR-155, and there is an inverse correlation between MCPIP
expression and survival in lung cancer. Thus, these data suggest
that MCPIP expression and Dicer function may decrease survival
in lung cancer (23).
TFL was ﬁrst reported as tumor suppressor gene p34, based on
loss of heterozygosity in human chromosomal fragment 6q25.1
in sporadic lung cancer tissues (24). In previous studies, we
showed that TFL is localized in discrete granules in the cytoplasm

Figure 3.
Kaplan–Meier curves for PFS and OS
based on TFL expression status.
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Table 2. Univariate and multivariate analysis of estimated progression-free survival and overall survival based on TFL expression
Univariate analysis
Survival
TFL status
Number of patients
5 years (95% CI)
10 years (95% CI)
P
Progression free
High
79
66% (56–77)
64% (54–76)
0.003
Low
24
42% (26–67)
31% (17–58)

status
Multivariate analysis
HR (95% CI)
P
1.00 (reference)
0.002
2.76 (1.45–5.28)

Overall

1.00 (reference)
1.94 (0.91–4.11)

High
Low

79
24

76% (67–86)
53% (36–78)

71% (61–82)
53% (36–78)

0.106

0.085

NOTE: HRs are adjusted for age, FIGO stage, histologic type, myometrial invasion, and peritoneal cytology.

and contributes to cell-cycle arrest in G1 to S phases through
regulation of Rb phosphorylation in the mouse pro-B cell line
Ba/F3 and Jurkat human leukemia cells (15, 19). This essential
role in cell-cycle regulation suggests that TFL might participate in
the development and progression of endometrial cancer.
TFL expression in endometrial cancer was signiﬁcantly higher
than in control endometrial tissue. These data are opposite to
results for most tumor suppressor genes, but TFL expression may
be induced by oncogenic transformation of uterine epithelial
cells, such as ARF (25). Another possibility, based on recent
reports of other Zc3h12 family members such as MCPIP, is that
the cause of the correlation between TFL expression and prognosis
is not due to tumor suppressor function, but to posttranscriptional regulation. Localization of TFL in cytoplasmic granules
(15, 19) may indicate that TFL regulates cancer cell proliferation,
migration, invasion, metastasis, and treatment resistance via
posttranscriptional modulation, similarly to MCPIP. Understanding of the role of TFL may be useful in development of therapy for
prevention of tumor progression.
Given that TFL is located at 6q25.1, 2cM upstream from ESR1, it
is of note that most TFL-low cases were also ERa-low (Fig. 4A) and
that TFL was an independent prognostic factor (Supplementary
Table S3). In breast cancer, ERa status is a reliable prognostic
factor that is currently used in clinical treatment planning
(26–28). In endometrial cancer, the prognostic signiﬁcance of
ERa status has been shown in many studies (11–14), but few have
examined the regulatory mechanism of ERa loss and the cause of a

poor prognosis in ERa-low patients (14, 29–32). One interpretation of our result is that the clinical impact of ERa loss may
represent that of TFL loss. The close synteny raises the possibility
that genetic changes in TFL might contribute to lack of ERa
expression.
Advances in genetic understanding of endometrial cancer have
led to interest in molecular targeted agents, including inhibitors of
EGFR, HER2, and PI3K/AKT/mTOR, which act on cell-cycle arrest
(3, 33–35). Given the clinical importance of our ﬁndings, it will be
of interest to study the mechanisms underlying regulation of
cancer development by TFL, as a future molecular target.
Given its retrospective nature, this study has several limitations.
First, potential selection bias could have occurred because of the
focus on analysis of FIGO stage III–IV cases treated at a single
institution over a long period. To ﬁnd a signiﬁcant inﬂuence of
TFL expression on outcome, we excluded FIGO stage I–II cases
because their numbers are large and there is relatively little
difference in outcome. Future studies on all stages of endometrial
cancer in a large cohort will be necessary to ascertain the role of
TFL in outcome. Second, adjuvant treatment was highly variable
because this treatment changed over the relatively long study
period (36–44). In addition, the extent of lymph node dissection
was deﬁned individually on the basis of clinical features and
intraoperative ﬁndings. The optimal surgical treatment for FIGO
III–IV endometrial cancer is still uncertain, and standard optimal
treatment concepts changed over the period of the study (3, 37,
43, 45–49). The 5-year OS rates of 82% for stage III and 33% for

Figure 4.
A, Scatter plot showing the range of TFL H-scores in ERa-high and low cases. Each bar is the mean TFL H-score  SE. B, Kaplan–Meier curves for PFS based on TFL and
ERa status.

www.aacrjournals.org

Cancer Epidemiol Biomarkers Prev; 27(8) August 2018

Downloaded from cebp.aacrjournals.org on November 14, 2018. © 2018 American Association for Cancer
Research.

OF5

Published OnlineFirst May 21, 2018; DOI: 10.1158/1055-9965.EPI-17-0762
Wakahashi et al.

stage IV cases are better than those in previous reports (1–3).
Third, potential confounders such as age, FIGO stage, and histologic type were considered in multivariate analyses, but residual
confounders such as chemosensitivity and performance status
cannot be ruled out. For all of these reasons, it will be important to
replicate our ﬁndings in a large prospective cohort.
In summary, the current study is the ﬁrst to show that lack of
TFL expression is a signiﬁcant independent predictor of poor
prognosis for a malignant neoplasm. There is currently no deﬁnitive prognostic marker for advanced endometrial cancer. Our
ﬁndings suggest that TFL may be such a marker and a target for
potential new treatment for this disease.
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