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: To assess the impact of CD133 expression on the prognosis of endometrioid endometrial carcinoma

: (EEC).We retrospectively assessed CD133 expression in tissue microarray of 116 surgically treated FIGO

. I-IIl EEC. Tumors with >10% of CD133-expressing cells were considered CD133-positive (CD133+). On

. the basis of CD133 expression, clinical and pathological parameters, progression-free survival (PFS)

. and overall survival (OS) were evaluated. Of the EEC studied 85.2% showed CD133-expressing cells.

© Only 61% (n=66) of EEC presented >10% of CD133 expressing cells and were considered CD133+.

The mean OS for CD133+ tumour patients was 161 months (95% Cl, 154-168) as compared with 146

- months (95% Cl, 123-160) for those with CD133- tumors (p =0.012). The mean PFS for CD133+ tumour

© was 159 months (95% Cl, 149-168) as compared with 147 months (95% Cl, 132-161) in those with a

: CD133-tumour (p =0.014). CD133+ tumours were less likely to have vascular invasion (p =0.010) and

more likely to be well differentiated (p = 0.034). C133+ tumours predicted favorable OS and PFS of EEC

. patients, with a Hazard Ratio 4.731 (95%Cl, 1.251-17.89; p = 0.022). CD133+ tumor status correlates

- with favorable prognosis of EEC. Our findings are in agreement with studies addressing brain and

. colorectal tumours.

* Endometrial cancer is the most common gynaecological malignancy worldwide. Of the two clinic pathological

: variants recognized, almost 80% of cases are endometrioid or Type I'. Although more than 75% of patients with

. Type 1 endometrial cancers are diagnosed at an early stage with uterine-confined disease, approximately 15% of

© these cancers will recur and the patients will die as a result of the disease?. Identifying patients at increased risk of
relapse has become a priority after the diagnosis of endometrial cancer. These patients are likely to benefit from

: more extensive surgery, adjuvant treatment or targeted therapies that improve prognosis. Risk factors associated

. with disease relapse include age, tumour grade, and lymphatic, vascular and myometrial invasion’. However,
ancillary diagnosis with immunohistochemical markers would better reflect the biological behaviour of tumours
and the molecular mechanisms underlying progression and relapse.

Of particular interest are cancer stem cells (CSCs). The theory of CSCs argues that only a small subpopulation
of tumour cells has the capacity to initiate and maintain tumour growth. CSCs have stem cell-like properties
such as self-renewal, unlimited proliferative potential, and the capability to differentiate into multiple cell types.
Because of these properties, CSCs are referred to as tumour-initiating cells. Moreover, recent data provide evi-

. dence to support the hypothesis that CSCs are also responsible for cancer recurrence and resistance to treatment,

© thus they condition prognosis*1°.

: Different markers like CD133, CD44, and CD117 are expressed on the surface of CSCs'"12, CD133 is a
five-transmembrane glycoprotein identified as a useful cell surface marker for the detection of tumour-initiating
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Figure 1. Endometrioid adenocarcinoma of the endometrium. A1 B1 C1: HE*10. Glandular neoplastic
endometrioid tumor. A2: CD133— immunostaining. endometrioid endometrial carcinoma grade 1. B2:
CD133+ immunostaining <10% endometrioid endometrial carcinoma grade 1. C2: CD133+4 immunostaining
>10% endometrioid endometrial carcinoma grade 1.

cells. Previous studies have reported the involvement of CD133 in several solid tumour types, including colorectal,
brain, prostate, and lung” 7. To date, few studies have provided evidence of CD133+ endometrial CSCs® 1#-20,

To our knowledge, little attention has been devoted to the relationship between CD133 tumour status and
prognosis in endometrioid endometrial cancer (EEC) patients®.

The aim of this study was to identify different subtypes of EEC based on the percentage of CD133-expressing
cells, to evaluate the impact of CD133 expression on survival of EEC patients and to analyse the correlation of
CD133 tumour status with relevant clinic-pathological features.

Materials and Methods

Patients And Specimens. This retrospective study included patients who had surgically treated FIGO
(International Federation of Gynaecology and Obstetrics) stage I to III EEC and available follow-up information
in any database of NHS (National Health Service) from July 1999 and December 2008. Clinical and pathological
data such as patient’s age, FIGO stage, depth of myometrium invasion, lymphatic vessels involvement, vascular
infiltration, and lymph node metastasis were obtained from the medical records. The duration of follow-up was
defined as the time between diagnoses and disease recurrence (Progression-free survival, PFS), death (Overall
survival, OS), or last medical appointment to avoid differences in follow-up in patients with less aggressive
disease.

Ethics Approval. The study was approved by the Ethics Committee of the Hospital Universitari del Mar num-
ber 2014/5837 and was carried out in compliance with the guidelines of the Declaration of Helsinki, Fortaleza,
Brazil, 2013. A waiver of informed consent was obtained from the Institutional Ethical Review Board from the
home Institution.

Immunohistochemical Analysis. We assessed CD133 immunohistochemical staining (IHC) in a tissue
microarray (TMA) of 116 primary human endometrial cancer specimens.

First, a histological review was performed by a pathologist on haematoxylin and eosin (HE) to confirm patho-
logical diagnostic and to identify areas of tumour mass and the invasive edge. For TMA construction, four fields
from each slide were used, one representative slide per case, two of them from the tumour and two more from
the invasive front. TMA was performed with a 1-mm needle using Microarrayer (Chemicon, California, USA).

IHC staining for CD133 was performed as follows: the primary antibody (CD133/1 (AC133) pure, human
clone W6b3cl, MACS, Milteny Biotech, Cologne, Germany) was applied following the manufacturer’s instruc-
tions. Briefly, the retrieval antigen was done with citrate buffer pH6 in an autoclave. The slides were then rinsed
with PBS and incubated with the primary antibody at 1/100 dilution overnight at 4°C. The slides were rinsed
again with PBS and incubated with the secondary antibody for 1hour at room temperature. The slides were
revealed with DAB. H was used as counterstain. After processing all the samples, we considered only 108 cases,
because of technical problems with the IHC staining for 8 samples.

We defined positive staining as luminal surface expression of CD133 (Fig. 1) either in the middle of the
tumour or at the invasive edge. At least the 50% of the surface of the cell was required to be positive to count the
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Condition, n(%)
Menopause No 27 (23.8%) Yes (89, 76.2%)
Parity No (19,19.6%) | 1: (21,21.6%) >1:57, (58.7%)
EEC Grade 179 (68.1%) 2:24(20.7%) 3:13 (11.2%)
FIGO Stage 1(96 (82.8%) IL: 11 (9.5%) 1IL: 9 (7.8%)
Myometrial infiltration No: 5 (4.3%) <50%: 53 (45.7%) | >50%: 57 (49.1%)
Vascular invasion No: 103 (88.8%) | Yes: 13 (11.2%)
Peritumoral inflammation No: 34 (29.6%) | Yes: 81 (70.4%)
Leucocytes infiltration No: 75 (65.2%) Yes: 40 (34.8%)

Table 1. Patient and Tumor Characteristics (n: 116).

overall cell as positive. For practical purposes, CD133 positivity was defined on the basis of the percentage of
positive cells in cancer-affected areas. For this purpose, for each patient, we took into account the mean number
of CD133-expressing cells in the two samples of tumour and in the two samples from the invasive edge. Tumours
with CD133 expression in over 10% of whole tumour area were considered CD133+. Two pathologists (FA, OP)
were required for the evaluation of slides, and discordance was resolved by consensus.

Statistical Analysis. The X2 test was used to analyse the association between tumour status for CD133 and
categorical data of relevant clinical and pathological features.

To study PFS and OS, Kaplan-Meier survival plots were generated based on CD133 status. Curves were com-
pared using the log-rank test, to assess statistical significance Cox proportional hazards regression model was
used to analyse the independent prognostic factors, showing Hazard Ratio (HR) and 95% confidence interval
(CI). A p value of <0.05 was considered to be statistically significant.

All statistical analyses were carried out using the SPSS software package version 18.0 (SPSS, Chicago, IL).

Results

In this study, 116 cases of surgically treated Endometrioid Endometrial Carcinoma FIGO Stage I to III were iden-
tified. The characteristics of the patients are summarized in Table 1. The mean age of patients was 66 years (range:
45-83) and mean follow-up 82.43 months (range 2-171).

A total of 108 patients with EEC were finally included in the CD133 analysis because of technical problems
with the IHC staining. We assessed the percentage of CD133 expression of the whole tumour area of the 108
samples available. The TMA revealed 85.2% of EEC samples showing CD133-expressing cells. The relative per-
centage of CD133-expressing cells ranged from 0% to 58%. CD133 was detected in a median of 13% tumour cells
per patient. 61% of EECs presented CD133 expression in over 10% of whole tumour area and were consequently
considered CD1334 tumours.

A mild correlation (Rho Spearman: 0.216, p=0.013) was found between survival time and CD133% expres-
sion. A ROC curve was constructed to determine the sensitivity and specificity of CD133 expression to predict
survival at 5 years (Fig. 2). The Area Under the Curve was 0.667. The best cut-off point for CD133 expression was
10% with a sensitivity of 64.6% and a specificity of 73%.

CD133 status and its relation with clinical and pathological parameters are shown in Table 2. There was no
significant relationship between CD1334- tumours status and FIGO stage, myometrial invasion, lymphatic ves-
sels infiltration or presence of peritumoural infiltrating lymphocytes (p > 0.05). However CD133+ status dif-
fered depending on the histological grade (p =0.034) and degree of vascular invasion (p=0.010). In this regard,
CD1334- tumours were less likely to have vascular invasion and were more likely to be well differentiated, regard-
less of their extent.

After 5 years of follow-up, 89.8% of the EEC patients were still alive, 83.6% of them with no evidence of
disease. We assessed Overall Survival (OS) on the basis of tumour status for CD133 (Fig. 3). For patients with
CD133+ tumours, mean OS was 161 months (95% CI, 154-168) compared with 141 months (95% CI, 123-160)
for those with CD133-ones (p=10.012). We also evaluated the effect of CD133 tumour status on Progression Free
Survival (PFS) (Fig. 4). At the time of the last follow-up, 9.5% of patients had relapsed. The mean PFS was also
significantly better in those with CD133+ tumours, with a mean of 158 month (95% CI, 150-167) vs. 139 months
(95% CI, 120-159) in those CD133—tumours (p=0.014).

Univariate and multivariate Cox proportional hazards regression analyses showed that CD133+ tumours
predicted better OS and PFS of EEC patients (HR of 4.731 (95% CI, 1.251-17.89), p=0.022).

Discussion
To the best of our knowledge, there are very few studies that study the utility of CD133+ tumour status as a prog-
nostic factor in primary untreated endometrial cancer.

The theory of CSCs argues that only a small subpopulation of tumour cells has the capacity to initiate and
maintain tumour growth. It is also believed that these cells are responsible for recurrence and resistance to treat-
ment9, 15,22, 23.

Although normal stem cells have been identified in normal endometrial tissue?!, to date only the CD133
marker has been proposed for the identification and isolation of endometrial CSCs® 724,
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Figure 2. ROC curve for determining CD133 cut off value.

Figo State

1 33 56 0.32
2 6 4

3 3 6

Graded

1 23 49 0.034
2 11 12

3 8 5

Myometrial INFI

NO 1 3 0.053
<50% 17 35

>50% 23 28

Vasular Invasion

NO 33 63 0.010
YES 9 3

Inflamation

NO 13 18 0.161
YES 29 47

Leucocites Presence

NO 26 43 0.148
YES 16 22

Table 2. CD133 Tumor Status and pathological parameters (n: 108).

Using flow cytometric analysis, Friel et al.” reported that the percentage of CD133+ cells in primary human
endometrioid endometrial carcinoma samples ranged from 5.7% to 27.4% and also showed that CD133+ cells
had greater tumour-initiating capacity relative to their CD133— counterparts. In the same way, Rutella ef al.®
described a variable degree of CD133 immunoreactivity, reporting a median of 18.1% of CD133 expressing
cells (range, 1.3-62.6%). Besides, similar to what reported by Nakamura?!, they showed that CD133+ cells have
greater proliferative potential and a higher response to estradiol, and were less sensitive to paclitaxel and cisplatin
than the CD133- population. All these findings are consistent with CSCs properties, thus supporting the role of
CD133 as a marker of endometrial CSCs. Similarly, in our patient cohort, CD133 expression was detected in a
median of 13% of tumours (range, 0-58%).
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Figure 3. Overall Survival: CD133+ vs CD133— Tumors.
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Figure 4. Progression Free Survival: CD133+ vs CD133— Tumors.

According to the literature!, 82.8% of cases in our cohort were EEC FIGO 1 and 68.1% were grade 1, despite
7.3% of FIGO 1 cases recurred. A key challenge in EEC is to accurately predict the risk of recurrence and to iden-
tify high-risk patients between this that a priori has a good prognosis. Such identification would allow clinicians
to provide them more appropriate treatments with more extensive surgery and adjuvant therapy. We found no
correlation between CD1334 tumour status and clinical features. Of special interest was the observation of a
relationship between CD133+ status, grade, and vascular invasion. CD133+ tumours were less likely to have
vascular infiltration and poor histological differentiation. On the basis of these findings, we propose that tumour
status for CD133 would be considered a prognostic factor, regardless of the extent of disease at the time of diag-
nosis, as it correlates better with the histological features present in the tumour.
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Although our data didn’t consider percentages of CD133 expressing cells and do differentiate between
CD133— and CD133+ tumours, they support the results reported by Rutella et al.6. Rutella et al. found higher
percentages of CD133-expressing cells in patients with early-endometrioid tumours compared with those in
advanced stages of disease. Moreover, they observed a higher expression of CD133 in patients with no detectable
lymph node metastases. However, they did not find a statistically significant correlation between histological
grade and percentage of tumour cell expression of CD133. This may have been because of the low number of
grade 1 samples included in their study. Rutella et al. proposed that a subpopulation of CD133—expressing cells
would have a greater potential to limit disease extension and recurrence. Along with the same line, several studies
on colorectal cancer” and glioblastomas® revealed that the down-regulation of CD133 expression is associated
with the acquisition of metastatic potential and more aggressive behaviour. This down-regulation of CD133+
cells may result in the emergence of a CD133— population with greater aggressiveness and progression. However,
the biological plausibility of these hypotheses is yet unproven.

Finally, in order to establish the prognostic value of CD133 tumour status in primary EEC, we attempted to
correlate the expression of CD133 with clinical outcome. Our findings were somewhat unexpected, although in
line with the above affirmations. CSCs are supposed to play a role in cancer relapse and resistance to treatment
and to be predictive of poor clinical outcome and lower patient survival® >> 2. Correlations between the pro-
portion of CSCs and poor clinical outcome have been described for glioma?” 2%, colon?, breast*® and prostate?!
tumours.

However, our data do not support the findings of earlier research?!. In our series, patients with CD133+
tumours showed longer OS and PFS than CD133-tumours. Moreover, according to our findings, CD133+
tumours have greater predictive capacity for OS and PFS of EEC patients than CD133-tumours, showing a
Hazard Ratio of 4.7 (p =0.022). These observations indicate that signalling pathways other than CD133 may be
involved in the CSC-like properties. The findings of Rutella support this notion®. They showed that both CD133+
and CD133— cells have the ability to induce tumour growth in nude mice, thereby supporting the idea that not
all tumour-initiating cells express CD133. Our data are consistent with those published by others who failed to
demonstrate CD133 as an independent prognostic marker for predicting poor outcome in some cases of colorec-
tal and brain cancer®-*'. However, our data disagree with those obtained by Nakamura et al.?!. They examined
the prognostic value of CD133 immunohistochemical expression in 62 endometrioid endometrial carcinoma
samples and revealed that tumours with high CD133 expression (>1% of expressing cells) showed worse OS than
those with weak or absent expression (p =0.023). This apparent discordance can be explained by the definition
of tumours showing high CD133 expression. Nakamura et al. considered high expression as tumours with more
than 1% of CD133+ cells. We analysed separately tumours with over 10% of CD133+- cells and those with less
than 10%. While CD133+ tumours accounted for 61% of our cohort, tumours showing high CD133 expression
(>10%) in the Nakamura’s accounted for only 21%. Moreover, in addition to the apparent discordance in OS
and PFS results, the overall prognosis was worse in Nakamura’s patient cohort than in ours. They reported 17.7%
of relapses and 19.9% of deaths compared with the 9.5% and 12.9% of deaths respectively in our cohort. These
results could be attributed to a lower proportion of cases with high expression (>10%) in Nakamura’s study,
which may conceal the possible role of CD133+ tumours as a prognostic factor of favourable outcome.

We would like to point out the potential limitations of our study. One of the most important was the relatively
small sample size from only one retrospective study. Also because of retrospective analysis we were unable to eval-
uate the effect on prognostic of adjuvant treatments in CD 1334 tumours, because of a great heterogeneity of given
treatments in these cases. Other concerns are related to the method used to detect CD133 and the criteria for scor-
ing CD133 positivity. As CD133 is not homogenously expressed, we prepared a TMA to fully represent the whole
tumour. We chose to detect CD133 by IHC. Although semi-quantitative, IHC staining is a well-established tech-
nique widely available in most pathology laboratories, thus facilitating the translation of findings to current clin-
ical practice. Given that different studies use different tissue samples (cell lines vs. human tissue), tissue sampling
methods (tissue microarray vs. slides), and criteria regarding the pattern and distribution of CD133 staining hinders
comparison. Moreover, CD133 is a glycoprotein that can be detected by monoclonal antibodies recognizing specific
glycosylation-dependent epitopes, in particular AC133 (named as CD133/1) and AC141 (named as CD133/2)*>%.
Here, we have used an antibody specific for the AC133 antigen, one of the most frequently used in previous studies
to identify CSCs in endometrial cancer®?!. Importantly, discordant expression of AC133 and AC141 epitopes have
been reported in other tumors* and therefore we cannot rule out that staining of our TMA with CD133/2 could lead
to different data. However, despite this limitation, similar detection of CD133 expression was found between our
study and those previously reported®”. On the other hand, different antibodies used can also explain the discordance
of the prognostic value of CD133 between our data and those by Nakamura et al.?! because a polyclonal antibody for
CD133 was used in their immunohistochemistries while we used the CD133/1 monoclonal antibody.

On the basis of our results, we propose that CD133 tumour status is a useful tool for the management of EEC.
CD133— status at the time of therapeutic planning, can improve the identification of patients with a priori good
prognosis but with high-risk tumours that would require extended lymphatic surgery or selectively targeted treat-
ments and longer follow-up.

Conclusion

The results of the present study show that CD133+ tumour status is correlated with favourable prognosis of
EEC patients, independently of the extent of disease at diagnosis. CD133 tumour status emerges as a useful bio-
marker of low risk EEC. CD133 could be viewed as a complementary tool in the planning of primary treatment
for EEC as it provides a more accurate assessment of prognosis and adjuvant treatment. Despite reported data,
well-designed prospective and larger studies are needed to confirm our findings. In order to translate findings
to clinical practice, it is a priority to standardize methods of detection and criteria for scoring the positivity of
CD133. At the time this paper was performed, criteria for CD133 positivity in EEC had still not been established.

SCIENTIFICREPORTS|7: 7687 | DOI:10.1038/s41598-017-08048-0 6



www.nature.com/scientificreports/

References
1. Bokhman, J. V. Two pathogenetic types of endometrial carcinoma. Gynecol Oncol. 15, 10-17 (1983).
2. Siegel, R., Naishadham, M. A. & Jemal, A. Cancer statistics, 2013. CA Cancer ] Clin 63, 11-30 (2013).
3. DiSaia, P. J., Creasman, W. T., Boronow, R. C. & Blessing, J. A. Risk factors and recurrent patterns in Stage I endometrial cancer. Am
J Obstet Gynecol 151, 1009-1015 (1985).
4. Lobo, N. A, Shimono, Y., Qian, D. & Clarke, M. E. The Biology of Cancer Stem Cells. Annu Rev Cell Dev Biol 23, 675-699 (2007).
5. Ward, R. J. & Autexier, C. Pharmacological Telomerase Inhibition Can Sensitize Drug-resistance and Drug-sensitive Cells to
Chemotherapeutic Treatment. Mol Pharmacol. 68, 779-786 (2005).
6. Rutella, S. et al. Cells with Characteristics of Cancer Stem/Progenitor Cells Express the CD133 Antigen in Human Endometrial
Tumors. Clin Cancer Res 15,4299-4311 (2009).
7. Friel, A. M. et al. Epigenetic regulation of CD133 and tumorigenicity of CD133 positive and negative endometrial cancer cells.
Reproductive Biol Endocrinol 8, 147-159 (2010).
8. Jordan, C. T., Guzman, M. L. & Noble, M. Cancer Stem Cells. N Engl ] Med 355, 1253-1261 (2006).
9. Visvader, J. E. & Lindeman, G. J. Stem cells and cancer. Molecular Oncology. 4, 369-372 (2010).
10. Kato, K. et al. Characterization of side-population cells in human normal endometrium. Hum Reprod. 22, 1214-1223 (2007).
11. Lopez, J., Valdez-Morales, E J., Benitez-Bribiesca, L., Cerbén, M. & Garcia-Carrancd, A. Normal and cancer stem cells of the human
female reproductive system. Reprod Biol and Endocrinol 11, 53-61 (2013).
12. Sehitoglu, I. et al. Relationships Between C-Kit Expression and Mean Platelet Volume in Benign, Preneoplastic and Neoplastic
Endometrium. Asian Pac ] Cancer Prev 16, 1495-1499 (2015).
13. Silva, I. A. et al. Aldehyde Dehydrogenase in Combination with CD133 Defines Angiogenic Ovarian Cancer Stem Cells That
Portend Poor Patient Survival. Cancer Res. 71,3991-4001 (2011).
14. Hermann, P. C. et al. Distinct Populations of Cancer Stem Cells Determine Tumor Growth and Metastatic Activity in Human
Pancreatic Cancer. Cell Stem Cell 1, 313-323 (2007).
15. Visvader, J. E. & Lindeman, G. J. Cancer stem cells: current status and evolving complexities. Cell Sterm Cell 10, 717-728 (2012).
16. Singh, S. K. et al. Identification of a Cancer Stem Cell in Human BrainTumors. Cancer Res. 63, 5821-5828 (2003).
17. Nakamura, M. et al. Molecular characterization of CD133+ cancer stem-like cells in endometrial cancer. Int ] Oncol 44, 669-677 (2014).
18. Gargett, C. E., Schwab, K. E., Zillwood, R. M., Nguyen, H. P. & Wu, D. Isolation and Culture of Epithelial Progenitors and
Mesenchymal Stem Cells from Human Endometrium. Biol Reprod 80, 1136-1145 (2009).
19. Tsuji, S. et al. Side population cells contribute to the genesis of human endometrium. Fertil Steril. 90, 1528-1537 (2008).
20. Kyo, S., Maida, Y. & Inoue, M. Stem Cells in endometrium and endometrial cancer: accumulating evidence and unresolved
questions. Cancer Lett. 308, 123-133 (2011).
21. Nakamura, M. et al. Prognostic impact of CD133 expression as a tumor-initiating cell marker in endometrial cancer. Hum Pathol.
41, 1516-1529 (2010).
22. Al-Hajj, M. & Clarke, M. E. Self-renewal and solid tumor stem cells. Oncogene. 23, 7274-7282 (2004).
23. Mimeault, M. & Batra, S. K. Molecular Biomarkers of Cancer Stem/Progenitor Cells Associated with Progression, Metastases, and
Treatment Resistance of Aggressive Cancers. Cancer Epidemiol Biomarkers Prev 23, 234-254 (2014).
24. Schwab, K. E., Hutchinson, P. & Gargett, C. E. Identification of surface markers for prospective isolation of human endometrial
stromal colony-forming cells. Human Reprod 23, 934-943 (2008).
25. Mia-Jan, K. et al. CD133 expression is not an independent prognostic factor in stage II and III colorectal cancer but may predict the
better outcome in patients with adjuvant therapy. BMC Cancer. 13, 166-175 (2013).
26. Joo, K. M. et al. Clinical and biological implications of CD133-positive and CD133-negative cells in glioblastomas. Lab Invest. 88,
808-815 (2008).
27. Pallini, R. et al. Cancer Stem Cell Analysis and Clinical Outcome in Patients with Glioblastoma Multiforme. Clin Cancer Res 14,
8205-8212 (2008).
28. Kim, K.-J. et al. The presence of stem cell marker-expressing cells is not prognostically significant in glioblastomas. Neuropathol. 31,
494-502 (2011).
29. Horst, D., Kriegl, L., Engel, J., Kirchner, T. & Jung, A. CD133 expression is an independent prognostic marker for low survival in
colorectal cancer. B J Cancer. 99, 1285-1289 (2008).
30. Ginestier, C. & Wicha, M. S. Mammary stem cell number as a determinate of breast cancer risk. Breast Cancer Res 9, 109-102 (2007).
31. Patrawala, L., Calhoun-Davis, T., Schneider-Broussard, R. & Tang, D. G. Hierarchical Organization of Prostate Cancer Cells in
Xenograft Tumors: The CD44+ 2 1+ Cell Population Is Enriched in Tumor-Initiating Cells. Cancer Res. 67, 6796-6805 (2007).
32. Fargeas, C. A., Corbeil, D. & Huttner, W. B. AC 133 antigen, CD133, Prominin-1, Prominin-2, etc.: Prominin family gene products
in need of a rational nomenclature. Stem Cells. 21, 506-508 (2003).

33. Bidlingmaier, S., Zhu, X. & Liu, B. The Utility and limitations of glycosylated human CD133 epitopes in defining Cancer. Stem Cells.
J Ol Med (Berl) 86, 1025-1032 (2008).

34. Green, C. L., Loken, M., Buck, Dk & Deeg, H. J. Discordant expression of AC133 and AC141 in patients with myelodisplastic
syndrome (MDS) and acute myelogeneus leukemia (AML). Leukemia. 14, 770-772 (2000).

Author Contributions

M.G. wrote the main manuscript text, S.-S.J.M., M.E., LA. and G.L. discussed results and prepared figures. P.O.,
L.L.B. and FA. evaluated slides. M.S. and M.G. analyzed results. All authors reviewed (M.G., S.-S.J.M., PO., M.E,,
M.S.,G.L,LLB,N.P,GJ,LM,AlL, CR,AFE) the manuscript.

Additional Information
Competing Interests: The authors declare that they have no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
CEE | icense, 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 Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted 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 license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2017

SCIENTIFICREPORTS|7: 7687 | DOI:10.1038/s41598-017-08048-0 7


http://creativecommons.org/licenses/by/4.0/

	Prognostic impact of CD133 expression in Endometrial Cancer Patients

	Materials and Methods

	Patients And Specimens. 
	Ethics Approval. 
	Immunohistochemical Analysis. 
	Statistical Analysis. 

	Results

	Discussion

	Conclusion

	Figure 1 Endometrioid adenocarcinoma of the endometrium.
	Figure 2 ROC curve for determining CD133 cut off value.
	Figure 3 Overall Survival: CD133+ vs CD133− Tumors.
	Figure 4 Progression Free Survival: CD133+ vs CD133− Tumors.
	Table 1 Patient and Tumor Characteristics (n: 116).
	Table 2 CD133 Tumor Status and pathological parameters (n: 108).




