
Page 1/20

Correlation between Peripheral Blood Neutrophil-
lymphocyte Ratio and CD34 Expression in Prostate
Cancer
Yiyang Wang  (  wyy20090316@foxmail.com )

Yancheng Third people′s Hospital https://orcid.org/0000-0001-7866-0787
Xiaofei Dong 

Xuzhou Medical University
Zhaokui Qu 

Yancheng Third people′s Hospital
Kang Peng 

Xuzhou Medical University
Xiaolei Sun 

Xuzhou Medical College A�liated Hospital
Renfu Chen 

Xuzhou Medical College A�liated Hospital

Research article

Keywords: Neutrophil-to-lymphocyte ratio, CD34, Prostate cancer, Microvessel density

Posted Date: December 2nd, 2019

DOI: https://doi.org/10.21203/rs.2.17912/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read
Full License

Version of Record: A version of this preprint was published on September 22nd, 2020. See the published
version at https://doi.org/10.1186/s12885-020-07382-3.

https://doi.org/10.21203/rs.2.17912/v1
mailto:wyy20090316@foxmail.com
https://orcid.org/0000-0001-7866-0787
https://doi.org/10.21203/rs.2.17912/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s12885-020-07382-3


Page 2/20

Abstract
Backgrounds The association of neutrophil-lymphocyte ratio (NLR) and CD34 expression level with PSA level,
Gleason score, and clinical stage was investigated in patients with prostate cancer. The correlation between
NLR and CD34 expression was also investigated to provide evidence supporting the use of NLR for predicting
the prognosis of prostate cancer patients.

Methods Clinical data of 75 patients diagnosed with prostate cancer by prostate aspiration biopsy were
retrospectively analyzed. The correlation between NLR, CD34 expression, and clinicopathological
characteristics was analyzed using the χ2 test and one-way analysis of variance. The correlation between NLR
and CD34 was determined using the Pearson coe�cient. Disease free survival was estimated by Kaplan-Meier
analysis.

Results Both NLR and CD34 expression were signi�cantly positively correlated with PSA, Gleason score, and
clinical stage (P<0.05 both). Patients in the NLRHigh/CD34High group were characterized by high PSA level
and Gleason score and late clinical stage. NLR was positively correlated with CD34 expression (r=0.529,
P<0.001).

Conclusions Pretreatment NLR was a valuable marker of prognosis in prostate cancer. NLR is positively
correlated with CD34 expression.

Background
Prostate cancer is a common malignant tumor affecting the life of middle-aged and elderly men. It is the
second most common malignant tumor causing male death in Western countries[1]. Although the incidence of
prostate cancer in China is lower than that in Western countries, it has shown an increasing trend in recent
years because of the aging population and improved life expectancy. Currently, the prediction of prognosis in
prostate cancer is based on PSA level, Gleason score, and clinical stage. Recent studies suggest that
neutrophil-lymphocyte ratio (NLR) is closely related to the poor prognosis of some cancers[2–5]. NLR is a
systemic in�ammation indicator that can be conveniently measured[6]. However, there is little evidence
supporting the value of NLR for the prediction of prognosis in prostate cancer.

Intense tumor neovascularization is closely associated with tumor growth and metastasis. Angiogenesis is a
key step involved in solid tumor growth. Without neovascularization, tumor volume is generally below l–2 mL,
and the tumor may remain dormant or even degenerate. Angiogenesis is thereby a crucial factor affecting the
prognosis of cancer patients, and NLR may be associated with tumor angiogenesis. In 1995, Weidner et al.
�rstly put forward the concept of tumor microvessel density (MVD) and proposed a measurement method.
Immunohistochemical staining of tumor tissues enables counting microvessels under high-power �eld
microscopy[7]. Among microvascular immunohistochemical markers, CD34 has the best sensitivity and
stability with a high positive rate and expression level. CD34 is expressed in the small blood vessels of tumor
tissues[8]. Moreover, the expression level of CD34 in the endothelium of newly-formed blood vessels is higher
than that in old blood vessels, suggesting that CD34 is involved in tumor neovascularization[9]. We therefore
selected CD34 as an indicator of MVD in the present study.
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We retrospectively analyzed the clinical data of prostate cancer patients admitted to the Department of
Urology of Xuzhou Medical University between September 2015 and July 2018. Pre-treatment NLR values and
CD34 expression levels in tumor tissue samples were analyzed to explore their association with PSA, Gleason
score, and tumor stage. The correlation between NLR and CD34 was also investigated. This study is expected
to provide experimental evidence for the use of NLR in the evaluation of prognosis in prostate cancer.

Methods

Patients
Seventy-�ve patients who underwent prostate aspiration biopsy and were pathologically diagnosed with
prostate cancer between September 2015 and July 2018 in the A�liated Hospital of the Xuzhou Medical
University were included in this study. Patients were eligible if they did not receive radiochemotherapy,
endocrine therapy, or surgery before biopsy. Patients with acute in�ammation, hematological diseases, and
other malignant tumors were excluded.

Patient information including name, age, pretreatment test results such as routine blood tests (neutrophil and
lymphocyte count), total PSA, and pathological results such as Gleason score and clinical stage were collected
from electronic medical records.

Follow-up
Patients’ post-treatment disease progression data were obtained by telephone follow-up or review of medical
records. The follow-up deadline was December 2018. Disease progression was de�ned as biochemical
recurrence after radical prostatectomy (2 consecutive PSA values ≥0.2ng/mL after radical surgery), or
progression to castration-resistant prostate cancer after endocrine therapy (serum testosterone reaching
castration levels, PSA increasing in 3 consecutive times 1 week apart and a 50% or higher increase compared
with the lowest value), or development of new metastases.

NLR measurement
NLR is the ratio of neutrophil count to lymphocyte count. According to the ROC curve of pretreatment NLR
values and disease progression in the patients and taking into account sensitivity and speci�city, the
corresponding sensitivity and speci�city of the NLR value were highest when the Youden index (Youden index
= sensitivity + speci�city –1) was the largest with the best cutoff of 3.3 (P = 0.008) (Fig. 1, Table 1).

Immunohistochemistry
Immunohistochemistry (SP method) was used to detect the expression of CD34 in prostate cancer tissue
samples of the 75 patients, and MVD was calculated. Prostate tissues were �xed in 10% formaldehyde in PBS,
embedded in para�n, and cut into 5-μm sections. Sections were depara�nized in xylene and rehydrated in
different concentrations of ethanol. The sections were then immersed in 0.3% hydrogen peroxide for 30 min to
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block endogenous peroxidase activity. Primary antibodies, which were obtained from Maxin Biological
Technology (Fuzhou, China; monoclonal mouse anti-human CD34 antibody), were added to slides and
incubated at 4°C overnight. Following primary antibody incubation, sections were stained using the labeled
anti-Rabbit/Mouse polymer (Long Island Antibody, Shanghai, China) for 60 min. Proteins were visualized using
a liquid diaminobenzidine detection kit (Long Island Antibody, Shanghai, China). Sections were counterstained
with hematoxylin for 15 min, dehydrated in different grades of alcohol, and cleared in xylene.

CD34 in tumor tissues was labeled by immunohistochemistry and microvessels were brown-color stained (Fig.
2). Under the microscope, a single brown-stained endothelial cell or a cell mass was counted as a blood vessel
regardless of whether the lumen was formed or not, as long as it could be clearly differentiated from tumor
tissues. Vessels with a lumen diameter greater than that of eight red blood cells or those with a muscle layer
were not counted. Each immunohistochemical section was �rst observed under a low-power �eld (100×) to
determine the detection area with the highest MVD, and then the section was observed under a high power �eld
(400×) to count the number of CD34-positive microvessels in 10 non-repetitive �elds. The mean value of the 10
�elds was the MVD value. The optimal cutoff value was 26 based on the ROC of microvessel count and
disease progression (P = 0.014) (Fig. 3, Table 2).

Statistical analysis
Statistical analysis was performed using SPSS 16.0 statistical software. Data were expressed as the mean ±
standard deviation (±s). The independent sample t-test was used to compare means between two groups. The
relationship between NLR or CD34 and clinicopathological features was analyzed by the χ2 test. The
relationship between NLR/CD34 and clinicopathological features was analyzed by ANOVA. Pearson
correlation analysis was used to evaluate the correlation between NLR and CD34. The Kaplan-Meier method
was used to analyze disease-free survival, and the log-rank test was used to determine signi�cance. P<0.05
was considered to be statistically signi�cant. Figures were plotted using GraphPad Prism 5 software.

Results

Clinicopathological charateristics of the patients
There were 75 patients who met the inclusion criteria, and the average age was 64 years old (44–81 years old).
PSA levels ranged from 2.3 to 203.5 ng/mL, with an average of 24.1 ng/mL. Regarding the Gleason score,
there were 14 cases with ≤6 points, accounting for 18.7%, and 28 cases with 7 points and 33 cases with 8–10
points, accounting for 37.3% and 44.0%, respectively. There were 33 cases of stage T1–2 and 42 cases of
stage T3–4, accounting for 44.0% and 56.0%, respectively. In terms of metastasis, 46 cases (61.3%) had no
lymph node metastasis and 29 cases (38.7%) had lymph node metastasis, and there were 43 and 32 cases
with and without distant metastasis, accounting for 57.3% and 42.7%, respectively. There were 26 stage II
cases (34.7%) and 49 stage III-IV cases (65.3%). There were 32 cases (42.7%) with NLR ≤3.3 and 43 cases
(57.3%) with NLR >3.3 NLR. MVD measured by CD34 staining showed 36 cases (48.0%) with MVD ≤26 and 39
cases (52.0%) with MVD >26. Fourty-six patients (61.3%) progressed and 29 patients (38.7%) had no disease
progression.
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Association between NLR and clinicopathological
characteristics of the patients
According to the NLR cutoff value of 3.3, the 75 patients were divided into low NLR and high NLR groups
(Table 3, Fig. 4). Among patients with PSA <10 ng/mL, seven had NLR >3.3, accounting for 36.8%. Among
patients with PSA 10–20 ng/mL, 15 had NLR >3.3, accounting for 51.7%, and among those with PSA >20
ng/mL, 77.8% (n = 21) had NLR >3.3. The χ2test showed that the difference was signi�cant (χ2 = 8.248, P =
0.016). Among patients with a Gleason score ≤6, 7, and 8–10, 28.6% (n = 4), 57.1% (n = 16), and 69.7% (n =
13), respectively, belonged to the NLR high group (>3.3). The difference was signi�cant (χ2 = 6.797, P = 0.033).
In addition, the percentage of patients with high NLR (>3.3) in T3–4 stage patients was signi�cantly higher
than that in T1–2 stage patients (73.8% vs. 36.4%, χ2 = 10.593, P = 0.001). Patients with lymph node
metastasis included a higher proportion of high NLR patients than those without lymph node metastasis
(82.8% vs. 41.3%, χ2 = 12.495, P = 0.000), with similar results for distant metastasis (78.1% vs. 41.9%, χ2 =
9.863, P = 0.002). Similarly, in stage III-IV patients, there were more patients belonging to the NLR high group
(>3.3) than stage I-II patients (69.4% vs. 34.6%,χ2 = 8.396, P = 0.004). A higher pre-treatment NLR was
associated with higher PSA level and Gleason score and a later clinical stage.

Correlation between CD34 and clinicopathological
characteristics of the patients
Using 26 as the cutoff value, the 75 patients were divided into CD34 low-expression and high-expression
groups (Table 4, Fig. 5). In patients with a PSA level <10 ng/mL, 10–20 ng/mL, and >20 ng/mL, the
proportions of patients with high expression of CD34 were 26.3%, 55.2%, and 66.7%, respectively (χ2 = 7.465, P
= 0.024). In patients with a Gleason score ≤6, 7, and 8–10, the proportions of patients with high expression of
CD34 were 21.4%, 46.4%, and 69.7%, respectively (χ2 = 9.731, P = 0.008). The CD34 high-expression group
included more stage T3–4 patients than stage T1–2 patients (71.4% vs. 27.3%, χ2 = 14.436, P = 0.000). Lymph
node metastasis status was also correlated with CD34 expression. The proportion of patients with high
expression of CD34 was signi�cantly higher in patients with lymph node metastasis than in those without
lymph metastasis (69.0% vs. 41.3%, χ2 = 5.452 P = 0.020). This pattern was also observed for distant
metastasis, namely, patients with distant metastasis included a higher proportion of patients with CD34 high
expression than those without distant metastasis (75.0% vs. 34.9%, χ2 = 11.829, P = 0.001). The proportion of
CD34 high expression patients was signi�cantly higher in stage III-IV patients than in stage II patients (63.3%
vs. 30.8%, χ2 = 7.187, P = 0.007). Higher CD34 expression was associated with higher PSA level and Gleason
score and later clinical stage.

Correlation of NLR and CD34 with disease progression
As shown in Table 5, patients with disease progression had signi�cantly higher NLR and CD34 than those
without disease progression (t = 3.865 and 4.392, P values were 0.011 and 0.000 for NLR and CD34).
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Correlation between NLR/CD34 and clinicopathological
characteristics of prostate cancer patients
The patients were divided into four groups based on NLR and CD34 values as follows: NLRLow/CD34Low,
NLRLow/CD34High, NLRHigh/CD34Low, and NLRHigh/CD34High. ANOVA was used to analyze how the distribution
of patients in these four groups varied according to PSA level, Gleason score, and clinical stage (Table 6). For
PSA, 5 NLRHigh/CD34High patients were in the PSA <10 ng/mL group, accounting for 26.3%, and in the 10–20
ng/mL and >20 ng/mL groups, there were 9 (31.0%) and 14 (51.9%) patients belonging to the
NLRHigh/CD34High group, respectively; the difference was signi�cant (P = 0.011). Among patients with Gleason
score ≤6, 7, and 8–10, there were 2, 7 and 19 patients belonging to the NLRHigh/CD34High group, accounting
for 14.3%, 25.0%, and 57.6%, respectively (P = 0.005). In patients with stage T3–4, lymph node metastasis,
distant metastasis, and stage III-IV, there were 21 (50.0%), 19 (65.6%), 17 (53.1%), and 25 (51.0%) patients who
were NLRHigh/CD34High, respectively (P < 0.05 for all). NLRHigh/CD34High patients had higher PSA level and
Gleason score and later clinical stage.

Correlation between NLR and CD34
The pre-treatment NLR and CD34 expression showed a positive correlation (r = 0.529 P < 0.001) by Pearson’s
correlation analysis (Fig. 6).

Progression-free survival (PFS) analysis
The 75 patients were divided into four groups as follows: NLRLow/CD34Low, NLRLow/CD34High,
NLRHigh/CD34Low, and NLRHigh/CD34High. Kaplan-Meier PFS estimation is shown in Fig. 7. The PFS of the
patients in the NLRHigh/CD34High group was signi�cantly shorter than that in the NLRLow/CD34Low group (P =
0.002, log-rank test).

Discussion
The relationship between tumor development and in�ammation has been widely studied. Oncogenesis
involves interactions between the immune system, tumor cells, and tumor matrix cells. Chronic in�ammation is
a recognized risk factor for epithelial malignant tumors[10]. In�ammation can promote tumor development
and progression, and tumor development may intensify in�ammatory responses directly or through the
microenvironment.

The present study suggested that NLR was a valuable marker for predicting the prognosis of prostate cancer.
A higher pretreatment NLR was associated with higher PSA level, Gleason score, and later clinical stage. The
exact mechanism underlying the association between increased NLR and poor prognosis of prostate cancer
remains unde�ned; however, the following two aspects may be involved. On one hand, factors or a
microenvironment that promote tumor growth also facilitate the production of neutrophils; the cytokines and
in�ammatory mediators produced by neutrophils promote the formation of the tumor microenvironment and
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stimulate the synthesis and release of vascular epithelial cell growth factor (VEGF), which strengthens tumor
angiogenesis and progression[11, 12]. On the other hand, tumor cells, including prostate cancer cells, are
abnormal cells that can induce a strong immune response in the body[13]. During this process, lymphocytes
are consumed and the lymphocyte-mediated antitumor immune response is gradually weakened[14, 15].

Similar to NLR, a higher expression level of CD34 also predicted a higher PSA and Gleason score as well as a
later clinical stage. This suggested a close association between CD34, an indicator re�ecting tumor
neovascularization activity, and the differentiation, stage, and prognosis of solid tumors. CD34 is a single-pass
transmembrane protein with a molecular weight of 105.120 kDa[16]. It is expressed on the surface of a variety
of cells, particularly on vascular endothelial cells; therefore, CD34 is often used to label vascular endothelial
cells[17, 18]. Moreover, CD34 is more likely to be expressed on newly-formed vascular endothelium[19]. A high
expression of CD34 in tumor tissue indicates intensive tumor neovascularization and increased MVD, which
was also shown in this study. An increase of MVD was associated with increased PSA and Gleason score and
later clinical stage, which may be attributed to a rapid tumor growth induced by su�cient nutrient supply by
newly-formed blood vessels.

The present results showed a positive correlation between pre-treatment NLR and CD34. The increase of NLR
suggested an activated immune response in the body. Prostate cancer cells themselves can produce
proin�ammatory cytokines to increase the production of neutrophils, which are involved in tumor progression
via multiple pathways[20, 21]. One of these pathways is the release of VEGF to promote tumor
neovascularization and expression of CD34. Conversely, high expression of CD34 suggests increased tumor
microangiogenesis. The physiological characteristics of tumor blood vessels are different from those of
normal blood vessels. First, the permeability of the tumor vascular endothelium is greater than that of the
normal vascular endothelium, making it easier for neutrophils to reach the tumor microenvironment. Second,
tumor blood vessels are prone to necrosis and detachment, resulting in hypoxia in tumor tissues to form a
hypoxic microenvironment, which induces tumor necrosis and an in�ammatory response. Both factors
increase the NLR.

Conclusions
NLR and CD34 are mutually in�uential and causal. The present study provides experimental evidence for the
potential of NLR in the prediction of prostate cancer prognosis. However, the study was limited by a small
sample size and the single-center design, and further multi-center studies with a larger sample size are
necessary to validate the present �ndings.

Abbreviations
NLR: neutrophil-lymphocyte ratio; PSA: prostate speci�c antigen; MVD: microvessel density VEGF: vascular
endothelial growth factor.
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Tables
Table 1 The best cutoff of the NLR value

  AUC 95% CI cutoff Youden index sensitivity specificity P-value
  lower upper

NLR 0.829 0.735 0.924 3.3 0.652 77% 91% 0.000

NLR neutrophil-to-lymphocyte ratio, CI confidence interval

 

Table 2 The best cutoff of the CD34 value

  AUC 95% CI cutoff Youden index sensitivity specificity P-value
  lower upper

CD34 0.931 0.876 0.986 26 0.757 82% 93% 0.000

CI confidence interval
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Table 3 Correlation between NLR value with clinicopathological features in prostate cancer

Patients and tumor characteristics n % NLR χ2 P-value

≤3.3 3.3

PSA level (ng/ml)          

<10 19 25.3 12 63.2 7 36.8 8.248 0.016

10 20 29 38.7 14 48.3 15 51.7    

>20 27 36.0 6 22.2 21 77.8    

Gleason Score          

≤6 14 18.7 10 71.4 4 28.6 6.797 0.033

7 28 37.3 12 42.9 16 57.1    

8 10 33 44.0 10 30.3 23 69.7    

T stage          

T1-2 33 44.0 21 63.6 12 36.4 10.593 0.001

T3-4 42 56.0 11 26.2 31 73.8    

Lymph node metastasis          

N0 46 61.3 27 58.7 19 41.3 12.495 0.000

N1 29 38.7 5 17.2 24 82.8    

Distant metastasis          

M0 43 57.3 25 58.1 18 41.9 9.863 0.002

M1 32 42.7 7 21.9 25 78.1    

TNM stage          

Stage II 26 34.7 17 65.4 9 34.6 8.396 0.004

Stage III IV 49 65.3 15 30.6 34 69.4    

NLR = neutrophil-to-lymphocyte ratio, PSA = prostate specific antigen

 

Table 4 Correlation between CD34 expression with clinicopathological features in prostate
cancer
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Patients and tumor characteristics n % CD34 χ2 P-value

≤26 26

PSA level (ng/ml)          

<10 19 25.3 14 73.7 5 26.3 7.465 0.024

10 20 29 38.7 13 44.8 16 55.2    

>20 27 36.0 9 33.3 18 66.7    

Gleason Score          

≤6 14 18.7 11 78.6 3 21.4 9.731 0.008

7 28 37.3 15 53.6 13 46.4    

8 10 33 44.0 10 48.0 23 69.7    

T stage          

T1-2 33 44.0 24 72.7 9 27.3 14.436 0.000

T3-4 42 56.0 12 28.6 30 71.4    

Lymph node metastasis          

N0 46 61.3 27 58.7 19 41.3 5.452 0.020

N1 29 38.7 9 31.0 20 69.0    

Distant metastasis          

M0 43 57.3 28 65.1 15 34.9 11.829 0.001

M1 32 42.7 8 25 24 75.0    

TNM stage          

Stage II 26 34.7 18 69.2 8 30.8 7.187 0.007

Stage III IV 49 65.3 18 36.7 31 63.3    

PSA = prostate specific antigen

 

Table 5 Correlation of NLR and CD34 with disease progression

  Without disease progression Disease progression t P-value

NLR 2.37 ± 1.58 5.56 ± 2.19 3.865 0.011

CD34 21.48 ± 11.55 37.26 ± 10.71 4.392 0.000
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NLR = neutrophil-to-lymphocyte ratio

 

Table 6 Correlation between NLR/CD34 and clinicopathological features in prostate cancer
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nts and

r

acteristics

NLR/CD34 P-

value
NLRLow/CD34Low NLRLow/CD34High NLRHigh/CD34Low NLRHigh/CD34High

evel

ml)

         

8 42.1 1 5.3 5 26.3 5 26.3 0.011
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on Score          

6 42.9 3 21.4 3 21.4 2 14.3 0.005

11 39.3 2 7.1 8 28.6 7 25.0  

4 12.1 6 18.2 4 12.1 19 57.6  

ge          

15 45.5 4 12.1 7 21.2 7 21.2 0.018

6 14.3 7 16.7 8 19.0 21 50.0  

h node

stasis

         

18 39.1 8 17.4 11 23.9 9 19.6 0.011

3 10.3 3 10.3 4 13.8 19 65.6  

nt

stasis

         

16 37.2 9 20.9 7 16.3 11 25.6 0.029

5 15.6 2 6.3 8 25.0 17 53.1  

stage          

 II 19 73.1 2 7.7 2 7.7 3 11.5 0.000

 III IV 2 4.1 9 18.4 13 26.5 25 51.0  

NLR = neutrophil-to-lymphocyte ratio, PSA = prostate specific antigen

Figures
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Figure 1

ROC curve of pretreatment NLR values and disease progression

Figure 2

Immunohistochemistry showed expression of CD34 in prostate cancer. These images were taken at 100×
magni�cation (A) and 400× magni�cation (B).
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Figure 3

ROC curve of CD34-labeled microvessel count and disease progression
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Figure 4

Box-plot graphics of NLR value in terms of PSA level, Gleason score, and TNM stage. Based on the standard
de�nition, a plot represents median (horizontal line), the upper and lower lines of the box 75th and 25th. * P
0.05 ** P 0.01.
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Figure 5

Box-plot graphics of CD34 expression in terms of PSA level, Gleason score, and TNM stage. Based on the
standard de�nition, a plot represents median (horizontal line), the upper and lower lines of the box 75th and
25th. * P 0.05 ** P 0.01.
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Figure 6

The correlation between the value of NLR and immunohistochemical expression of CD34 in prostate cancer
patients. The value NLR showed a signi�cant correlation with expression of CD34 (r = 0.529 P < 0.001).
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Figure 7

The effect of NLR and CD34 on disease-free survival after prostate cancer operation.


