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Abstract
BACKGROUND
At present, there is controversy on the role of microvessel density (MVD) in tumors as a prognostic indicator of bladder transitional cell carcinoma (BTCC). However, the MVD in tumors is simply classified based on the expression of several different vascular markers, which has not been related to analytical research on the prognosis of patients with BTCC. 

AIM
To explore the classification of blood vessels in tumors and studied the relationship between MVD and the prognosis of patients with BTCC.

METHODS
The tissue mass was detected by tissue microarray and immunohistochemical analysis with monoclonal antibodies against CD31, CD34, CD105, and vascular smooth muscle actin to investigate the MVD in BTCC. The measurement data are expressed as the mean ± SD. The difference between the groups was analyzed by the t-test, the counting data were analyzed by 2 test. The Kaplan-Meier survival curve was estimated by the product-limit method. The log-rank time-series test was employed to compare the tumor-free survival curves.

RESULTS
The MVD was closely related to the pathological grade, invasive depth, and prognosis of BTCC. Significant differences were found between grade I and grade II, grade II and grade III, superficial and invasive type, and the tumor-free survival group and the recurrence or metastasis group (P < 0.01). Multivariate analysis showed that undifferentiated MVD was an independent prognostic factor for patient survival time. An inverse correlation between undifferentiated tumor MVD and differentiated tumor MVD in BTCC was also shown.

CONCLUSION
The classification of blood vessels in BTCC could act as an important prognostic indicator and may also be of great significance in the treatment of cancer.
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Core Tip: At present, there is controversy on the role of microvessel density (MVD) in tumors as a prognostic indicator of bladder transitional cell carcinoma. In our experimental study, we investigated the MVD in bladder transitional cell carcinoma through tissue microarray and immunohistochemical analyses. By observing the morphological characteristics of blood vessels and the expression of specific markers, we explored the classification of blood vessels in tumors and studied the relationship between MVD and the prognosis of patients.


INTRODUCTION
Deriving new blood vessels from existing microvessels is an essential process for tumor growth and hematogenous metastasis[1]. Under normal circumstances, the growth of blood vessels in the human body is in a balanced state due to strict regulation and control, and only under certain conditions, such as wound healing, will the physiological proliferation of blood vessels occur. However, in the tumor-bearing state, angiogenesis will be out of control, showing uncontrollable growth. Once the new blood vessels grow into the tumor and form tumor microcirculation, the tumor will grow exponentially and rapidly, reaching hundreds or even thousands of times its original volume in a short time. The quantification of tumor microvessels can provide an indicator of vascular activity, and microvessel density (MVD) is a frequently used indicator to quantify changing tumor microvessels. Recent reports indicated that an increase in MVD was associated with the poor prognosis of patients with several malignant tumors, including breast cancer, prostate cancer, lung cancer, and nasopharyngeal carcinoma[2-8]. Bladder transitional cell carcinoma (BTCC) is the most common bladder malignant tumor, accounting for about 90% of bladder cell carcinomas, but the underlying metastasis mechanism of BTCC is still unclear. 
At present, the value of MVD in predicting the prognosis of BTCC is controversial. Several reports showed that MVD was positively correlated with longer survival time and better prognosis of patients[9-13]. However, at the same time, some researchers reported that MVD was inversely related to the survival rate and prognosis of patients[14-16], whereas others did not find a significant correlation between MVD and the survival rate of patients[17,18]. In the past, vascular markers were generally applied to identify the heterogeneity of blood vessels and reveal different aspects and characteristics of tumor vessels. For example, CD34 is expressed in differentiated endothelial cells, whereas CD31 is expressed in both differentiated and undifferentiated endothelial cells[19]. Recently, it was reported that CD105 was superior to CD34 and CD31 in evaluating tumor angiogenesis since it had a greater affinity for activated endothelial cells[6,20]. In addition, in terms of breast cancer and colorectal cancer showing a lower survival rate of patients, some immunological studies have shown that an increase in MVD determined by CD105 staining was an independent prognostic indicator[21-24]. 
To date, no studies on vascular differentiation related to the prognosis of cancer, especially the prognosis of BTCC, have been conducted. In this experimental study, we investigated the MVD in BTCC through tissue microarray and immunohistochemical analyses. By observing the morphological characteristics of blood vessels and the expression of specific markers, we explored the classification of blood vessels in tumors and studied the relationship between MVD and the prognosis of patients.

MATERIALS AND METHODS
Grouping 
Sixty-two patients who underwent bladder cancer surgery (no history of chemotherapy, radiotherapy, or immunotherapy before surgery) and were diagnosed with BTCC by pathology, were assigned to the experimental group, including 47 males and 15 females. The age of the patients ranged from 63.2-86.8 years, with an average of 72.5 years. Eighteen patients without bladder disease were assigned to the control group, including 16 cases with benign prostatic hyperplasia and 2 cases with ureteral cysts, aged 56.8-78.9 years, with an average age of 71.3 years. Patients with other related diseases were excluded. According to the World Health Organization classification criteria, the experimental group was classified based on tumor pathology. Thirteen cases were classified as highly differentiated (Grade I), 16 cases as moderately differentiated (Grade II), and 33 cases as poorly differentiated (Grade III). In terms of clinical stages, based on the UICC-TNM standard, 26 cases were classified as superficial tumors (Tis-T1) and 36 cases as invasive tumors (T2-T4). During the postoperative follow-up period of 14-38 mo, with an average period of 26.5 mo, 38 cases presented with no tumor recurrence or metastasis (tumor-free survival), while 24 cases showed tumor recurrence and five cases showed tumor metastasis (including two deaths).

Material collection
Three 1-mm tissue blocks were taken from each of the 62 specimens of BTCC and placed into three tissue microarray blocks after combining. The three location blocks of each donor block were randomly sampled from three different parts of the tumor tissue, which avoided necrotic tissue and ensured that they were all tumor cells. The 62 BTCC tissues and the 18 normal bladder tissues without malignant lesions of cases were classified into tissue microarray blocks and routinely sectioned after the tissue microarray blocks were extracted. The specimens in each tissue microarray block were continuously sectioned at a thickness of 4 µm. The remaining BTCC tissue blocks of the 62 cases and the 18 cases of normal bladder tissue without malignant lesions were evaluated by hematoxylin and eosin staining and immunohistochemical analysis.

Immunohistochemical detection
After the specimen was fixed, and the tissue block was cut vertically and transversely, the bladder tumor tissue was fixed externally, embedded in paraffin, and cut into 4 µm- thick slices. The slice was attached to a glass slide treated with APES. The slice was dewaxed with xylene and dehydrated in a graded series of alcohol (from high concentration to low concentration), washed with running water for 10 min, washed with 0.01 mol/L phosphate buffered saline (PBS) for 5 min, and repaired with antigen in microwave oven for 25 min. After natural cooling, it was washed with PBS for 2 × 3 min. H2O2 was added to incubate for 10 min at room temperature, followed by washing with PBS for 2 × 3 min. Animal serum sealer was added at room temperature for 20 minutes. Then, the sealer was poured out, and the first antibody working solution prepared in diluent was added and incubated overnight (over 18 h) at 4 ℃, followed by washing with PBS for 3 × 3 min. Biotinylated secondary antibody working solution was added and incubated in a wet box at 37 ℃ for 15 min and then washed with PBS for 3 × 3 min. A streptavidin enzyme label was added and incubated in a wet box at 37 ℃ for 15 min, followed by washing with PBS for 3 × 3 min, and developed with DAB. The DAB development was controlled under a microscope, and was stopped with water based on deposition levels before being washed with running water for 10 min. The slide was re-dyed with hematoxylin, turned blue with running water, dehydrated to transparency with a series of alcohol concentrations followed by xylene, and sealed with neutral gum. Positive reactions were observed and counted under a microscope. Cells with brownish-yellow granules in the membrane or cytoplasm were considered positive, while those with no brownish yellow granules were considered negative. MVD was counted under × 200 magnification. All brown-stained cells or cell clusters were counted as one MVD value, and the MVD values in five visual fields were recorded. The multi-visual field averaging method was used to repeatedly count multiple points with a computer pathological graphic analyzer, and the average value was used as the MVD value. The mean value was calculated as the MVD value of one case.
Positive controls were established for each batch of staining (CD31 and CD34 sections of known transitional cell carcinoma of bladder were used as positive controls). MVD counting: MVD was counted under × 200 magnification, and every brown-stained cell or cell cluster was counted as one MVD value. The MVD values in five visual fields were recorded, and the mean value was used as the MVD value of this case.
According to the coloring degree of each high-power visual field and the number of microvessels in the visual field under the optical microscope, the results were judged as follows: When the whole slice was not colored or was pale yellow, it was considered negative, while positive cells were represented by yellow, brown, or tan color. The expression of microvessel number in tumor was detected by the Leica Qwin multimedia pathological image analysis system produced by Leica Company in Germany, and the microvessel value in each visual field was recorded for data analysis. 

Statistical analysis
The experimental results were analyzed by SPSS 13.0 software, and the Kaplan-Meier survival curve was estimated by the product-limit method. The log-rank time-series test was employed to compare the tumor-free survival curves. The Cox proportional hazards model was used to screen the independent prognostic factors. The measurement data are expressed as the mean ± SD. The difference between the groups was analyzed by the t-test, the counting data were analyzed by 2 test, and P < 0.05 suggested a significant difference.

RESULTS
Two different types of microvessels were observed in BTCC 
In BTCC, most of the blood vessels stained with the CD31 antibody also stained with the CD34 antibody (Figure 1A and B). However, some blood vessels were only stained with the CD31 antibody and not the CD34 antibody (Figure 1B). Peripheral cell coverage of the blood vessel was determined by staining with the smooth muscle actin (SMA) marker of peripheral cells. The results showed that there were peripheral cells around the blood vessels stained by CD34, while no peripheral cells were observed around the CD31+/CD34- microvessels (Figure 1C).

Comparison between CD31-MVD, CD34-MVD, and CD105-MVD
In tumor vessels, CD105 was only expressed in CD34-positive vessels. CD34 and CD105 are almost the same markers for tumor microvessels (Figure 2). The mean values of CD34-MVD and CD105-MVD in the 62 cases of BTCC were 139.7 ± 41.8 and 134.9 ± 36.2, respectively, and there was no difference between CD34-MVD and CD105-MVD (P > 0.05). 

The relationship between MVD and clinical indicators
The MVD value expressed by the microvessel count is shown in the Table 1. MVD was closely related to the pathological grade, invasive depth, and prognosis of BTCC. Significant differences were found between grade I and grade II, grade II and grade III, superficial and invasive type, and the tumor-free survival group and the recurrence or metastasis group (P < 0.01). CD31 and CD34 were weakly expressed in normal bladder tissue. Undifferentiated vessel density was positively correlated with tumor grade and stage. 

Relationship between disease-free survival rate and MVD
To clearly compare the prognosis of bladder cancer patients with different undifferentiated vessels, we divided all 62 patients into two groups according to the MVD of the undifferentiated vessels in their primary bladder transitional cell tumor tissues. Group A had MVD values lower than the median value and group B had MVD values higher than the median value. The recurrence of the bladder tumor was regarded as the end event, and the Kaplan-Meier tumor-free survival curve of each group was obtained, as shown in Figure 3. After the log-rank time-series test, the difference between the two groups was extremely significant (P = 0.007). The prognosis of the patients with undifferentiated vessels at low MVD values was significantly better than that of the patients with undifferentiated vessels at high MVD values.

DISCUSSION
Over 90% of malignant urinary tumors are BTCC, which has the biological characteristics of easy invasion and metastasis as well as easy recurrence after surgery[3], and both invasion and metastasis depend upon tumor angiogenesis[4]. This was the first report on the correlation between different types of blood vessels in BTCC and prognosis. The determination of MVD involves counting the microvessels in the part of the tumor with the highest density of tumor blood vessels, which helps to understand the degree of active tumor angiogenesis and the relationship between tumor grading and staging. The MVD value is related to the size of the tumor. The MVD in the experimental group was higher than that in the control group, and there was a significant difference between the two groups. At present, the reagents used to identify the microvessels of tumor tissues are mainly markers of vascular endothelial cells, such as the CD31 antibody, CD34 antibody, and VIII factor-related antibodies, or Von Willebrand factors, which are expressed on most endothelial cells and called markers of returning endothelial cells. 
The development of solid tumors goes through the stages of pre-angiogenesis and angiogenesis. In the early stage of angiogenesis, the tumor does not secrete or rarely secretes vascular growth factor, and therefore, the tumor does not induce angiogenesis. As a result, the tumor is maintained at a limited volume and metastasis hardly occurs. When the tumor induces host microvascular proliferation, it enters the angiogenic stage, and the tumor cell population increases rapidly with increased tumor volume, showing potential metastasis tendency. 
Two different types of microvessels were observed in BTCC. In BTCC, most of the blood vessels stained with the CD31 antibody were also stained with the CD34 antibody, but some blood vessels were stained with the CD31 antibody and not the CD34 antibody. It has been reported that CD34 was only expressed in differentiated endothelial cells, whereas CD31 was expressed in both differentiated and undifferentiated endothelial cells. We also determined the peripheral vascular cell coverage by staining with the SMA marker of peripheral cells. The results showed that there were peripheral cells around the blood vessels stained with anti-CD34, but there were no peripheral cells around the CD31+/CD34- microvessels (Figure 1C). Therefore, there are two types of microvessels in BTCC, CD34+ microvessels and CD31+/CD34- microvessels. Compared to CD34+, CD31+/CD34- blood vessels displayed some morphological characteristics under light microscopy. They showed no lumens or had small lumens, with thick walls and small shapes. Based on these observations, we confirmed that the CD34-positive vessels were differentiated vessels, whereas the CD31+/CD34- positive vessels were undifferentiated vessels.
Peripheral cells present with different connections to endothelial cells in human BTCC. In the undifferentiated blood vessels, we did not find peripheral cell coverage, whereas in the differentiated blood vessels, we carefully observed that peripheral cells and CD34+ endothelial cells usually appeared in the peripheral parts of the tumors. Thus, when we used peripheral blood vessel coverage to assess the maturity of the blood vessels, undifferentiated blood vessels were noticeably more immature than the differentiated blood vessels. Although it has been reported that SMA and desmin were effective markers of tumor peripheral cells in animal models, we found that desmin was not expressed around the tumor in human BTCC.
Stability and repeatability are very important for determining microvessels with different antibodies by immunohistochemistry. For example, the affinity of most CD31 monoclonal antibodies is lower than that of CD34 monoclonal antibodies, which leads to the smaller number of tumor vessels tested[23-25]. Hence, staining with CD31, in this case, will underestimate the MVD[2]. In our study, the quality of the immunohistochemical staining was highly controlled, so a key difference between CD31 and CD34 staining was found in BTCC. We found two different types of blood vessels by directly staining the blood vessels, namely the undifferentiated blood vessels (CD31+/CD34-) and the differentiated blood vessels (CD34+).
Although we assumed that no blood vessels were stained with CD31-/CD34+, eight blood vessels whose MVD was slightly higher than that of CD31+ also stained as CD34+. This may be an error in blood vessel staining caused by serial sections. For example, sometimes a single blood vessel may be missed in one section, but it appears as two independent blood vessels in another section.
It was reported that peripheral cell coverage could more accurately reflect whether or not microvessels are mature, although it is not the only index[24]. There are also some other molecular markers, such as SMA, desmin, platelet-derived growth factor receptor-H, and NG2, which can all be used to identify peripheral cells. We compared the expression of immune NG2, desmin, and SMA in peripheral cells of BTCC. Many more peripheral cells were labeled as SMA-positive than peripheral cells labeled desmin-positive or NG2-positive, so desmin and NG2 were not effective markers of peripheral cells. It was observed that in the CD34+ blood vessels, the peripheral cell coverage was also different, which was our conclusion when comparing tumor peripheral cells in animal models[25]. However, the relationship between peripheral cells and vascular endothelial cells remains unclear in the prognosis of patients.
In this study, the MVD of undifferentiated vessels in BTCC was quantified for the first time. The MVD of the undifferentiated vessels was positively correlated with the pathological grade of the patients, and the prognosis of the patients was worse. In addition, it was an independent prognostic factor in multivariate analysis. In contrast, the MVD of the differentiated vessels was negatively correlated with the pathological grade of the patients, and the survival rate of the patients was also longer. In each section, the MVD of the undifferentiated vessels was negatively correlated with that of the differentiated vessels.
When the MVD of the undifferentiated vessels was compared with that of the differentiated vessels, it was found that the prognosis of the patients with fewer undifferentiated vessels, but more differentiated vessels, was better than those with more undifferentiated vessels but fewer differentiated vessels.
Interestingly, when CD31 is considered a broad-spectrum vascular marker for staining all blood vessels, higher MVD indicates lower pathological grade and longer survival of patients. Our results also support that the MVD of the differentiated vessels was an important factor affecting prognosis in BTCC. The importance of undifferentiated blood vessels is generally ignored in analyzing BTCC. It was reported that the rapid growth of the tumor did not suggest high vascular density and that the MVD of the tumor may not be high. However, sometimes it was lower than that of normal tissues.
Since Kononen and colleague made the first tissue microarray in 1998[26], tissue microarray has been rapidly popularized worldwide due to its high throughput (large sample capacity), parallel research (uniform test conditions), and high efficiency (greatly reduced test time and reagents). In this experiment, microarray fabrication, slicing, and immunohistochemical staining were completed in only 1 mo. Four markers were detected in 62 samples, and the reagent consumption was much lower compared to the traditional methods. This indicates that tissue microarray technology is an efficient research method, especially suitable for multi-gene research with large sample sizes.
We believe that comparing CD31- and CD34- labeled blood vessels in BTCC by immunohistochemistry cannot show all the circumstances of the tumor vessels, but it can show that a unique CD31+/CD34- blood vessel is closely related to the prognosis of patients. Although undifferentiated blood vessels are considered of great value as the target of targeted therapy, the specific treatment method for this unique type of blood vessel is unclear[27]. Anti-angiogenesis therapy is generally considered to remove the immature or nonfunctional blood vessels to promote the retention of the remaining mature blood vessels[28]. In recent clinical trials, it has been reported in the UK that treatment methods inhibiting tumor cell proliferation and tumor angiogenesis significantly improved the survival rate of patients with urinary system tumors[29,30]. CD31+CD34- vessels may potentially be the target for further therapies in anti-vascular treatment, which undoubtedly will be a great help for the treatment of malignant bladder tumors.

CONCLUSION
Through this experiment, we quantitatively analyzed two types of MVD in BTCC and compared their relatively different prognostic relationships. The high-density expression of undifferentiated blood vessels can be regarded as an independent prognostic factor for the shorter survival time of patients. In contrast, the high-density expression of differentiated blood vessels can indicate a better prognosis. Our research demonstrates that the vascular structure in BTCC is complex, and in research on angiogenesis regarding this tumor, more detailed studies on vascular classification are needed. Our research is helpful for clinical treatment and undifferentiated blood vessels may be a potential target for vascular treatment. Therefore, in research on anti-angiogenic drugs, drug research targeting undifferentiated blood vessels or differentiated blood vessels or both blood vessels may be a future research direction.

ARTICLE HIGHLIGHTS
Research background
At present, there is controversy on the role of microvessel density (MVD) in tumors as a prognostic indicator of bladder transitional cell carcinoma (BTCC). 

Research motivation
The MVD in tumors is simply classified based on the expression of several different vascular markers, which has not been related to analytical research on the prognosis of patients with BTCC. 

Research objectives
This study aimed to explore the classification of blood vessels in tumors and studied the relationship between MVD and the prognosis of patients with BTCC.

Research methods
We investigated the MVD in BTCC through tissue microarray and immunohistochemical analyses. By observing the morphological characteristics of blood vessels and the expression of specific markers, we explored the classification of blood vessels in tumors and studied the relationship between MVD and the prognosis of patients.

Research results
Two different types of microvessels in BTCC were identified as undifferentiated (CD31+/CD34-) vessels and differentiated (CD34+) vessels. The MVD of high-grade undifferentiated vessels was positively correlated with a higher tumor grade and shorter survival time of the patients. In contrast, the MVD of high-grade differentiated vessels was positively correlated with lower-grade tumors and longer survival time of the patients. Multivariate analysis showed that undifferentiated MVD was an independent prognostic factor for patient survival time. An inverse correlation between undifferentiated tumor MVD and differentiated tumor MVD in BTCC was also shown.

Research conclusions
This was the first report on the correlation between two microvascular types and the prognosis of patients with BTCC. The results showed that the classification of blood vessels in BTCC could act as an important prognostic indicator and may also be of great significance in the treatment of cancer.

Research perspectives
Our research is helpful for clinical treatment, and suggests that undifferentiated blood vessels may be a potential target for vascular treatment. Therefore, in research on anti-angiogenic drugs, drug research targeting undifferentiated blood vessels or differentiated blood vessels or both blood vessels may be a future research direction.
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Figure Legends
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Figure 1 Two different types of microvessels were observed in bladder transitional cell carcinoma. A: CD34-stained pictures clearly reveal differentiated blood vessels in bladder transitional cell carcinoma (× 400); B: Other blood vessels are stained with CD31 in the same position. As shown by the arrow position, undifferentiated blood vessels are not stained by the CD34 monoclonal antibody (× 400); C: Smooth muscle actin staining confirms that peripheral cells cover the blood vessels stained by CD34, but no peripheral cells cover the undifferentiated blood vessels in Figure 1B (× 400).
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Figure 2 CD34 and CD105 stained pictures. A: CD34 staining clearly revealed differentiated blood vessels in bladder transitional cell carcinoma (× 400); B: CD105 staining in the same position (× 400).
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Figure 3 Kaplan-Meier tumor-free survival curve of bladder transitional cell carcinoma patients in the undifferentiated microvessel density groups


Table 1 Relationship between microvessel density and the clinicopathological features of bladder transitional cell carcinoma patients
	Clinical parameters
	Case number
	MVD-CD31
	MVD-CD34
	Undifferentiated blood vessel MVD

	
	
	
	
	High
	Low

	Control group
	18
	
	
	18
	0

	Pathological grading

	Grade I
	13
	117 ± 29.3 
	90 ± 27.5
	8
	5

	Grade II
	16
	150 ± 39.8
	120 ± 28.7
	6
	10

	Grade III
	33
	200 ± 43.5
	160 ± 29.8
	7
	26

	Clinical stages

	Superficial type (TIS-T1)
	26
	120 ± 30.4
	100 ± 25.5
	20
	6

	Infiltration type (T2-T4)
	36
	190 ± 37.7
	160 ± 32.1
	13
	23

	Prognosis 

	No recurrence or metastasis
	38
	130 ±35.6
	110 ± 34.4
	26
	12

	Recurrence or metastasis
	24
	190 ± 45.7
	160 ± 41.1
	5
	19


MVD: Microvessel density.
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