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Abstract: The current study is designed to evaluate certain immunocytochemical (ICC) biomarkers to gain a better cytodiagnosis. For this purpose, 85 patients from March 2016 to March 2019 who planned to get a hysteroscopy assay were recruited. Cytological sampling was conducted by scratching the uterus cavity using SAP-1, and the samples were processed as liquid-based smears, using SurePath technology. 36 patients diagnosed with EC or atypical endometrial hyperplasia were recruited in this study. 33 cases were diagnosed with EC, and 3 cases were diagnosed with atypical endometrial hyperplasia, allocated with EC or precancerous lesions group. 26 cases were diagnosed with benign lesions group. Among these cases, 9 cases were diagnosed with endometrial simple hyperplasia, 2 cases were diagnosed with complicated hyperplasia, 5 cases were diagnosed with an irregular proliferation of endometrium and 10 cases were diagnosed with endometrial polyps. There were 23 cases in the healthy group. Staining in thin-layer endometrial preparations by ICC and using H-score or counting the percentage of stained cells. The presentation of PTEN in normal endometrium, benign lesions, and EC/precancerous lesions were different (p < 0.01). Taking the cut-off value of 50 (Youden’s index: 0.698) PTEN expression for the diagnosis of EC/precancerous lesion, the sensitivity and specificity were 83.7% and 86.1%. The presentation of Ki-67 in normal endometrium, benign lesions, and EC/precancerous lesions were different (p < 0.01). Taking the cut-off value of 15% (Youden’s index: 0.76) Ki-67 expression for the diagnosis of EC/precancerous lesion, the sensitivity and specificity were 94.4% and 81.6%. In this study, the use of different cut-off values for Ki-67 and PTEN helped differentiate endometrial lesions. Immunocytochemistry in the ECT detection of PTEN and Ki-67 can improve the diagnostic capabilities of endometrial cancer and precancerous lesions.
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Introduction

Endometrial carcinoma (EC) is the most common women cancer in the USA. In many developed countries, the incidence rates of EC are higher compared with cervical and ovarian cancers. However, the incidence rates of EC are lower compared with cervical and ovarian cancers (Siegel et al., 2018; Cramer, 2012). In Beijing, uterine corpus cancer has an increasing indication rate due to the introduction of the western lifestyle. Since the prognosis of patients with EC diagnosed at a late stage is very far from ideal, the differential diagnosis of early EC from endometrial hyperplasia is important (Anastasiadis et al., 2000). The abnormal hemorrhage of the uterus is a huge defect the patients often complain about, which implies endometrial sampling (Anastasiadis et al., 2000; Lidor et al., 1986; Montgomery et al., 2004).

EC has been categorized as Type I and Type II cancers. Type I tumors are low-grade EC, which commonly originates in a setting of excessive estrogen and correlates with a favorable prognosis. Type I tumors are generally associated with microsatellite instability and mutations in phosphatase and tensin homolog (PTEN), K-ras, and β-catenin. In comparison, Type II tumors are high-grade undifferentiated or poorly differentiated EC, which have an aggressive biological behavior and hormone-independent nature. Type II tumors often show p53 mutations. In Type I tumors, the transition from healthy endometrial cells to precancerous cells and carcinoma often results from the accumulation of gene abnormalities.

PTEN, with a tumor suppressor on chromosome 10q23, has been found to play a key role in regulating the PTEN-PI3K-AKT pathway. PTEN deficiency has been identified in 30–50% of sporadic EC. Moreover, loss of PTEN has been found to correlate with not only genetic but epigenetic mechanisms. Since a few of these genetic alterations have been discovered in endometrial hyperplasia, these alterations have been regarded as early events in the carcinogenetic process of EC. As a nuclear antigen, Ki-67 has been established as a proliferation marker for cells. In addition, Ki-67 has also been found to be a potential prognostic factor for patients with a variety of solid tumors, including EC. Therefore, it is very necessary to evaluate this gene expression in normal endometrium, precancerous endometrium, and cancerous tissues. Lately, liquid-based cytology has rapidly developed into a promising cell preparation technology, and some studies have shown that they can achieve the same sensitivity as conventional cytological preparations. Several recent studies have reported the diagnostic potential of endometrial liquid-based cytology. Cytology can be used as an alternative diagnostic method (Norimatsu et al., 2006). Recently, we have used Ki-67 and PTEN biomarkers to help us make a more accurate diagnosis.

Our study was aimed to employ immunocytochemical criteria in pre-operative cytological aspirates. Nevertheless, results are from intrauterine cell samples examination prior to hysterectomy directly, which are necessary for validating the reproducibility of the diagnostic criteria derived from endometrial thin-layer endometrial preparations.

The purpose of the current study was to evaluate PTEN and Ki-67 as biomarkers in liquid-based cytology for the detection of endometrial carcinoma cells and precursors.

Materials and Methods

Patient selection

A total of 85 patients were recruited in the current study, and all of them had received hysteroscopy between March 2016 and March 2019. This study was performed in the Department of Beijing Tsinghua Changgung Hospital (Beijing, China). The Institutional Review Board of the Beijing Tsinghua Changgung Hospital approved this study’s agreement. After provided informed consent, all the patients proceeded sequentially to endometrial cytological sampling, hysteroscopy, and diagnostic and/or therapeutic D&C. Cytology sampling from the uterus cavity was conducted using SAP-1 and then processed to liquid-based smear using SurePath technology before stained by the Papanicolaou method. The correlations between cytological examinations and the D&C histological diagnosis were analyzed. The age of patients ranged from 22 to 75, with a median age of 48 years. 36 cases of endometrial cancer and atypical endometrial hyperplasia were in the experiment, in which 33 cases of endometrial cancer, 3 cases of endometrial atypical hyperplasia, as endometrial cancer or precancerous lesions group. 26 cases were as a benign lesions group with 9 cases of simple endometrial hyperplasia, 2 cases of complex hyperplasia, 5 cases of the irregular proliferation of endometrial, and 10 cases of endometrial polyps. 23 cases were as a healthy group in which 14 cases of proliferative phase, 7 cases of secretory phase, and 2 cases of an atrophic endometrium.

Cytological and histological preparations

Collection of endometrial cytological samples were conducted using SAP-1 device (Saipujiuzhou, Beijing, China; Fig. 1), which is patented and approved to be used in China. The SAP-1 sampler has a size with a diameter of 3 mm and a length of 250 mm, which also has a flexible latex ring with thorns on the side. For avoiding myometrial damage, it is also equipped with a smooth tip. The loop is also covered with a protective sheath. Following release and rotation clockwise and anticlockwise, the loop was used to collect samples at curette edges. The loop then was pulled back into the sheath to avoid cervical contamination. Following removal of the device from the uterine cavity, the specimen attached to the loop was pulled out and put in SurePath (BD Diagnostic, Burlington, NC, USA) vial. Then the vial was shaken vigorously to release specimen cells. Following labeling with patient information, the vial was transferred to the Department of Cytopathology. Centrifugation and suspension were then conducted to achieve mucolysis and hemolysis. Meanwhile, the endometrial cells were separated to achieve blood and mucus. Finally, use AutoCyte PREP automated slide processor (Tri-Path Corporation, USA) to process the vial. Next, stain the slides with routine Papanicolau (Pap) stain.
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Figure 1: The SAP-1 device.

Following collection of cytological samples, use a 4-mm optic with saline solution distension to conduct hysteroscopy. Collection of histologic samples was conducted via D&C. The endometrial sample was fixed in neutral buffer, then hematoxylin and eosin were used to embed and stain the paraffin.

Two cyto-histo-gynecopathologists made cytological and histological diagnoses blindly. The samples were regarded as unqualified. When the first cytological or histological slide was unqualified, a second one would be used. In the case that both the first and the second sample slides were unqualified, it was taken as “unqualified diagnosis”.

Based on a published diagnostic system, the cytological criteria were used for cellular interpretation (Maksem et al., 2007; Zhao, 2006) The cytological results were classified into 4 groups: normal endometrium, benign endometrial abnormality, atypical endometrial cell, and suspected endometrial carcinoma (Figs. 2A–2D). World Health Organization (WHO) criteria in 2003 were used to make the histological diagnosis (Tavassoli and Devilee, 2003). Analyze the correlation between cytological diagnosis and D&C histological diagnosis.
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Figure 2: Liquid-based endometrial cytology (Papanicolaou stain; original magnification 100×).

Immunohistochemistry and immunocytochemistry

For immunohistochemistry, the paraffin sections were processed and placed in the distilled water as conventional protocols. Afterward, the paraffin sections were washed three times in PBS before blocking with 3% peroxide-methanol at room temperature. All the following experiments were carried out in a moist chamber: (1) The sections were incubated with EDTA in a microwave oven for 15 min. (2) The specimens were rinsed three times in PBS (3) and then incubated overnight with antibodies against PTEN (6H2.1, Dako, Herndon, VA, USA) and Ki-67 (MIB-1, Zhongshan, Beijing, CN) at dilutions 1:100 and 1:100, respectively. (4) The specimens were rinsed four times with PBS. (5) The ChemMateTM EnVisionTM/HRP (Dako, Herndon, VA, USA) was added, and the specimens were incubated for a half-hour at 37°C. (6) The specimens were rinsed four times with PBS. (7) The color was demonstrated with 3,3-diaminobenzidine (DAB) and was maintained at room temperature in the dark for 3 min. (8) The staining process was ceased by rinsing with distilled water. (9) The specimen was then stained with hematoxylin. (10) The specimens were dehydrated, cleared, and mounted with neutral gums. Positive controls were also stained at the same time.

For immunocytochemistry, immediately in 95% alcohol was used to fix the cytological imprint smears, 50% alcohol, double distilled water successively 5 min. Cytological smears were processed and placed in the distilled water as conventional protocols. Afterward, Rinsing the paraffin sections (3 × 3 min) in PBS and then blocked with 3% peroxide-methanol at room temperature for endogenous peroxidase ablation. Afterward, the paraffin sections were washed three times in PBS before blocking with 3% peroxide-methanol at room temperature. All the following experiments were carried out in a moist chamber: (1) The sections were incubated with EDTA at 60°C for 10 min. (2) The specimens were rinsed three times in PBS, and then (3) incubated overnight in PTEN (6H2.1, Dako, Herndon, VA, USA) and Ki-67 (MIB-1, Zhongshan, Beijing, China) antibodies, at dilutions 1:100 and 1:100, respectively. (4) Rinsing in PBS (4 × 2 min). (5) The ChemMateTM EnVisionTM/HRP (Dako, Herndon, VA, USA) was added, and the specimens were incubated for a half-hour at 37°C. (6) The specimens were rinsed four times with PBS. (7) Coloration with 3,3-diaminobenzidin (DAB), kept at room temperature without light for 1 min. (8) The staining process was ceased by rinsing with distilled water. (9) The specimen was then stained with hematoxylin. (10) The specimens were dehydrated, cleared, and mounted with neutral gums. Positive controls were also stained at the same time. Negative controls were also stained without the primary antibody.

PTEN expression levels were evaluated based on staining intensity (i) and the percentage of positive cells (pi) within the whole tissue section. PTEN staining was evaluated using the H-score = pi (i + 1) × 100, which was calculated by multiplying the pi (0–100%) by the corresponding i (0 = negative, 1 = weak, 2 = moderate, and 3 = strong).

The ki-67 score was the percentage of positively stained nuclei scored. The rate of positively stained nuclei within five high-powered fields (40× magnification) randomly selected across the tumor was calculated. Take the average value for semi-quantitative analysis. Ki-67 and PTEN biomarkers are adjuncts to cytomorphology. The immunocytochemical findings with immunohistochemistry (IHC) are discussed.

Statistical analysis

Statistical analyses were performed using SPSS (Chicago, IL, USA) 13.0. Spearman’s correlation calculated the associations between biomarker (PTEN and Ki-67) alterations in Immunohistochemistry and Immunocytochemistry. The Kruskal-Wallis test estimated the associations between biomarker (PTEN and Ki-67) alterations and clinicopathological features. The ROC curve was used to evaluate the value of the two indicators in the diagnosis of endometrial carcinoma, and the Chi-square and Fisher’s exact test calculated precancerous lesions. The associations between different ICC scores and clinicopathological features.

Results

The expression of Ki-67 and PTEN in the endometrium

Under light microscopy, Ki-67 was widely expressed in endometrial gland cells and interstitial cells, mainly expressed in the nucleus, and the positive staining was brownish yellow, and the staining was granulated (Fig. 3). The percentage of Ki-67 positive in gland cells was calculated, and the semi-quantitative results of Ki-67 expression in ICC and IHC are shown in Tab. 1. Spearman’s rank correlation test, rs = 0.888, p < 0.001, the Spearman correlation coefficient of Ki-67 expression is positive in ICC and IHC (Fig. 4).
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Figure 3: Immunoreactivity for Ki-67 in ICC and IHC (Papanicolaou stain; original magnification 400×).

Table 1: Expression of Ki-67 and PTEN in ICC and IHC
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Figure 4: IHC and ICC scatter plot of Ki-67 expression in the endometrium.

The PTEN protein had both a cytoplasmic and nuclear localization. Positive PTEN signals in tumors were heterogeneous with different intensities. PTEN expression levels were evaluated based on staining intensity (i) and the percentage of positive cells (pi) within the whole tissue section. PTEN staining was evaluated using the H-score = pi (i+1) × 100, which was calculated by multiplying the pi (0–100%) by the corresponding i (0 = negative, 1 = weak, 2 = moderate, and 3 = strong) (Fig. 5). The score of PTEN expression in ICC and IHC are shown in Tab. 1. Spearman’s rank correlation test, rs = 0.868, p < 0.001, the Spearman correlation coefficient of PTEN expression is positive in ICC and IHC (Fig. 6).
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Figure 5: Immunoreactivity for PTEN in ICC and IHC (Papanicolaou stain; original magnification 400×).
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Figure 6: IHC and ICC scatter plot of PTEN expression in the endometrium.

Comparison of Ki-67 and PTEN expression in the normal endometrium group, benign endometrial abnormality group and atypical hyperplasia/endometrial carcinoma group

Whether using IHC or ICC detection methods, Ki-67 and PTEN have significant differences in expression in the normal endometrium group, benign endometrial abnormality group and atypical hyperplasia/endometrial carcinoma group (Tab. 2; Figs. 3 and 5).

Table 2: Expression of Ki-67 and PTEN in each group of ICC and IHC
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Determination of the optimal cut-off value for Ki-67 PTEN for the diagnosis of endometrial carcinoma and endometrial atypical hyperplasia

To determine the cut-off value with the best diagnostic efficiency, we performed a ROC curve analysis to determine the optimal cut-off value.

In the Ki-67 group, after the ROC curve analyses (Fig. 7), we determined that 12.5% and 15% were the optimal cut-off value in IHC and ICC (Tab. 3). The sensitivity of Ki-67 in the diagnosis of endometrial carcinoma and endometrial atypical hyperplasia was 94.4% and 94.4% for the cut-off values of 12.5% and 15%. The specificity of the above-mentioned cut-off values was 67.3% and 81.6%.
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Figure 7: ROC curve of Ki-67 in IHC and ICC.

The Youden indices were 0.617 and 0.76 for the cut-off values (Tab. 3). The area under the ROC curve was 0.889 and 0.950. For Ki-67 at cut-off values 12.5% and 15% in IHC and ICC, the difference between endometrial carcinoma/endometrial atypical hyperplasia group and normal endometrium/benign endometrial abnormality group was statistically significant (p < 0.01 and p < 0.01; Tab. 4).

Table 3: Sensitivity, specificity and Youden’s index of Ki-67% taking different cutoff values in IHC and ICC
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Table 4: The cut-off values for Ki-67 in IHC between endometrial carcinoma/endometrial atypical hyperplasia group and normal endometrium/benign endometrial abnormality group
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In the PTEN group, after the ROC curve analyses (Fig. 8), we determined that 50 and 50 were the optimal cut-off value in IHC and ICC (Tab. 5). The sensitivity of PTEN in the diagnosis of endometrial carcinoma and endometrial atypical hyperplasia was 69.4% and 83.7% for the cut-off values of 50 and 50. The specificity of the above-mentioned cut-off values was 75% and 86.1%.
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Figure 8: ROC curve of Ki-67 in IHC and ICC.

Table 5: Sensitivity, specificity and Youden’s index of PTEN taking different cut-off values in IHC and ICC
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The Youden indices were 0.444 and 0.698 for the cut-off values (Tab. 5). The area under the ROC curve was 0.794 and 0.903.

For PTEN at cut-off values 50 and 50 in IHC and ICC, the difference between the endometrial carcinoma/endometrial atypical hyperplasia group and normal endometrium/benign endometrial abnormality group was statistically significant (p < 0.01 and p < 0.01; Tab. 6)

Table 6: The cut-off values for PTEN in IHC and ICC between endometrial carcinoma/endometrial atypical hyperplasia group and normal endometrium/benign endometrial abnormality group

[image: images]

Discussion

Endometrial cancer (EC) is a major female reproductive tract malignant tumor in China. In the next few years, this will become an important public health issue. In the United States and Europe, the incidence is increasing, and regular screening of high-risk women will become an important intervention. EC screening is particularly challenging, and there are currently no effective programs to monitor women who are estimated to have a high incidence for this cancer. We have researched endometrial cytology screening for endometrial cancer (Yang et al., 2017; Ma et al., 2016).

Cytological diagnosis of endometrial lesions provides an effective substitution for biopsy, which may help obtain materials to study prognostic and predictive markers and minimize patient discomfort.

Although cervical cancer is more common than EC, its prevalence is gradually reduced by cytology screening. On the contrary, the incidence of EC is on the rise. It is estimated that in developed countries that undergo cervical cancer screening, women who die of EC is about twice those who die of cervical cancer (Siegel et al., 2014). Although cervical cancer screening strategies continue to improve, the use of cytology techniques to screen EC has not been widely accepted by the medical community. Epidemiological data in Japan show that the total mortality rate of EC has dropped from 20 per 100,000 in 1950 to 8 per 100,000 in 1999. This is considered the result of cytological screening and has been widely accepted (Nagase et al., 2004).

LBC, approved for cervical cancer screening by the U.S. Food and Drug Administration in 1996, offers considerable superiorities in improving sample quality. Liquid-based technology has great value in the evaluation of endometrial cells. In this case, the factors that obscure the specimen are more likely to occur and significantly affect the conventional cytological evaluation. Many studies had shown that the diagnostic accuracy of endometrial cytology was improved by liquid-based techniques. Overall, cumulative data on nearly 4000 patients showed a sensitivity ranging from 78% to 100%, specificity from 95% to 100%, PPV from 78 to 100%, and NPV from 96 to 100% (Garcia et al., 2003; Buccoliero et al., 2003; Papaefthimiou et al., 2005; Buccoliero et al., 2007a; Buccoliero et al., 2007b; Kipp et al., 2008; Fambrini et al., 2008; Buccoliero et al., 2008; Remondi et al., 2013; Yang et al., 2013). In our research, atypical hyperplasia or worse were acted as a positive result; the diagnostic accuracy of liquid-based endometrial cytology was 86.1%, sensitivity at 70.3%, specificity at 88.5%, PPV at 48.0%, and NPV at 95.2% (Yang et al., 2017).

Except for giving a morphological diagnosis, LBC can also be used to test molecular changes in residual substances. Based on the literature and our daily experience, at the cellular level, it is challenging to evaluate simple or complex hyperplasia typical or atypical, but we have also demonstrated the possibility of testing LBC molecular techniques, making cytology a unique diagnostic tool. The treatment of uterine hyperplasia is still a clinical dilemma because atypical hyperplasia usually requires a hysterectomy. In our research, we use immunocytochemistry to increase the accuracy of diagnosis to determine which ones are at risk of cancer.

In the present study, we examined our residual material archived from 2016 to 2019 in cytology and histology to assess ki-67 and PTEN express.

Proliferation is essential for the circulating endometrium and is related to the expression of Ki-67, which is positive at all stages of the cell cycle (except G0) and reflect the growth fraction of tumor lesions. Nowadays, the difference in the healthy endometrium/benign endometrial abnormality group and endometrial carcinoma/endometrial atypical hyperplasia group endometrium for different Ki-67 cut-off values proved to be statistically significant.

PTEN is a tumor suppressor gene that is located on chromosome 10q23. PTEN plays an important role in regulating the PTEN-PI3K-Akt pathway. PTEN loss is detected in 30–50% of sporadic endometrial cancers and has been shown to occur through both genetic and epigenetic pathways. Many of these molecular changes seem to accompany early endometrial canceration because they are common in endometrial hyperplasia.

The presentation of Ki-67 and PTEN in normal endometrium, benign lesions, and EC/precancerous lesions were different (p < 0.01). For Ki-67 and PTEN immunoreactivity, the cut-off value of 15 in Ki-67 and the cut-off value of 50 in PTEN were useful in differentiating benign endometrial abnormality group from the endometrial carcinoma/endometrial atypical hyperplasia group. Due to the continuous enrichment of carcinogenic related knowledge, molecular technology will become an effective method to replace unnecessary hysterectomy. In some cases, progesterone therapy can cause regression of the disease, so cytology can be used to track these women.

Apostolou et al. (2014) and Norimatsu et al. (2008) proposed a scoring system by combining the immunocytochemical assessment of KI-67 and P53 using cytological imprints obtained from the removed uterus. The final score is useful for diagnosis. Norimatsu et al. (2008) and Apostolou et al. (2014) have shown that LBC plays an important role in the immunocytochemical expression of PTEN, b-catenin, and p53 in EC samples. In high-risk patients, endometrial cytology screening seems to be an effective option, which is due to the possibility of finding molecular changes.

Endometrial cytology is an efficient method for detecting cancer and precancerous conditions. We proved that it is possible to apply molecular techniques on endometrial, archived LBC.

Generally speaking, the low detection rate of small samples, high diagnostic accuracy, and NPV are basic demands for screening tests. Besides, other elements of screening tests are retained by endometrial LBC, such as a more reasonable cost compared to liquid-based Pap test, remarkable acceptability, and ease of implementation in an office environment. It is estimated that in the next few years, EC can be a serious common health problem, and there will be no reliable means to monitor individuals who develop this cancer and are at increased risk. Combined with lifestyle changes and prevention of risk factors, we believe that regular screening of high-risk women will become the top priority of interventions for the next generation.

Conclusion

The results of this study help to improve the accuracy of cell diagnosis of endometrial disease. The application of immunocytochemistry research results may be extended to the report of endometrial samples, which is a very intricate area in cytology. The results need to be determined under clinical guidance to determine the repeatability of diagnostic criteria.
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