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Low PRRX1 expression a
nd high ZEB1 expression
are significantly correlated with epithelial-
mesenchymal transition and tumor angiogenesis
in non-small cell lung cancer
Ruixue Yang, MDa,b, Yuanqun Liu, MDa,b, Yufei Wang, MDa,b, Xiaolin Wang, MDa,b, Hongfei Ci, MDa,b,
Chao Song, MDc, Shiwu Wu, MDa,b,∗

Abstract
Background:Paired related homeobox 1 (PRRX1) and zinc finger E-box binding homeobox 1 (ZEB1) have been observed to play
a vital role in the epithelial-mesenchymal transition (EMT) process in different types of cancer. The microvessel density (MVD) is the
most common indicator used to quantify angiogenesis. This study aimed to investigate expression of PRRX1 and ZEB1 in non-small
cell lung cancer (NSCLC) and to explore associations between these factors and tumor prognosis, EMT markers and angiogenesis.

Methods:Data for a total of 111 surgically resected NSCLC cases from January 2013 to December 2014 were collected. We used
an immunohistochemical method to detect expression levels of PRRX1, ZEB1, and E-cadherin, and to assess MVD (marked by
CD34 staining). SPSS 26.0 was employed to evaluate the connection between these factors and clinical and histopathological
features, overall survival (OS) and tumor angiogenesis.

Results: PRRX1 expression was obviously lower in tumor samples than in control samples. Low expression of PRRX1, which was
more common in the high-MVD group than in the low-MVD group (P= .009), correlated positively with E-cadherin expression
(P< .001). Additionally, we showed that ZEB1 was expressed at higher levels in tumor samples than in normal samples. High
expression of ZEB1 was associated negatively with E-cadherin expression (P< .001) and positively associated with high MVD
(P= .001). Based on Kaplan-Meier and multivariate survival analyses, we found that PRRX1, ZEB1, E-cadherin and the MVD had
predictive value for OS in NSCLC patients.

Conclusions: These findings suggest that PRRX1 and ZEB1 may serve as novel prognostic biomarkers and potential therapeutic
targets.

Abbreviations: AJCC = American Joint Committee on Cancer, DM = distant metastasis, EMT = Epithelial-mesenchymal
transition, KM=Kaplan–Meier, LNM= lymph nodemetastasis, MVD=microvessel density, NSCLC= non-small cell lung cancer, OS
= overall survival, PBS = phosphate buffered saline, PRRX1 = paired related homeobox 1, TNM = tumor-node-metastasis, WHO =
World Health Organization, ZEB1 = zinc finger E-box binding homeobox 1.
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Table 1

Patients characteristics.

Patients characteristics Frequency, n Percentage, %

Age, years
<60 39 35.1
≥60 72 64.9

Gender
Male 85 76.6
Female 26 23.4

Smoking
No 39 35.1
Yes 72 64.9

Location
Left 50 45.0
Right 61 55.0

Gross type
Central 65 58.6
Peripheral 46 41.4

Histological type
SCC 70 63.1
Ade 41 36.9

Grade
Well 9 8.1
Moderate 73 65.8
Poor 29 26.1

Size
<3.0cm 25 22.5
≥3.0cm 86 77.5

LNM
No 53 47.7
Yes 58 52.3

DM
No 103 92.8
Yes 8 7.2

TNM stage
I+II 69 62.2
III+IV 42 37.8

Ade = adenocarcinoma, SCC = squamous cell carcinoma, LNM = lymph node metastasis, DM =
distant metastasis, TNM = tumor-node-metastasis.
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1. Introduction

On the basis of recent global tumor data, lung cancer is still ranked
first among malignant tumors in terms of incidence (11.6%) and
mortality (18.4%) rates.[1] Approximately 85% of lung cancer
patients are diagnosed with non-small cell lung cancer (NSCLC),
whichmainly falls into two categories: adenocarcinoma (Ade) and
squamous cell carcinoma (SCC).[2] Despite great developments in
early screening, surgery and chemoradiotherapy, the 5-year
survival rate of NSCLC is still approximately 20%.[3] Thus, it is
necessary to explore novel diagnostic biomarkers for improving
the therapeutic strategies of NSCLC.
Metastasis and invasion are the chief characteristics of tumor

cells and the main reasons for tumor-related deaths.[4] The
epithelial-mesenchymal transition (EMT) is associated with
dissemination steps in the processes of cancer growth that enables
carcinoma cells to lose epithelial properties, gain invasive capacity
and acquire stem cell properties.[5] Moreover, epithelial markers,
including E-cadherin, maintain the tight junctions of epithelial
cells, and the absence of E-cadherin symbolizes the occurrence of
EMT.[5,6] Zinc finger E-box binding homeobox 1 (ZEB1) is one of
the main EMT inducers and has an essential impact on the
suppression of E-cadherin.[7–9] Paired related homeobox 1
(PRRX1) is regarded as a newly identified transcription factor
that regulates the expression of many genes, and is connected with
the metastasis and prognosis of multiple malignancies.[10,11] In
breast and liver carcinoma, the negative expression of PRRX1 is
reported to be tightly linked to promote EMT progression and the
poor prognosis of patients.[11,12] Conversely, PRRX1 over
expression indicates a poor prognosis and enhances tumor
metastasis inpancreatic cancer, colorectal cancer, papillary thyroid
carcinoma and gastric carcinoma.[13–16] Interestingly, PRRX1
seems to have different roles in different tumors, and in addition to
carcinogenic functions, it may also have tumor-suppressive
properties. Few reports have illuminated PRRX1 expression and
its association with the EMT in primary NSCLC tissues from a
histological perspective.
Angiogenesis involves the growth of new capillary blood

vessels derived from existing capillaries and venules behind the
capillaries, which provides oxygen and nutrients that cancer can
use to promote its growth and migration.[17] The microvessel
density (MVD) is the most commonly used parameter for
evaluating tumor angiogenesis.[18] Notably, Ihida-Stansbury et al
showed that PRRX1 is required for healthy lung vascular
development.[19] However, it is not clear whether PRRX1 is
associated with the MVD in NSCLC.
In the current study, we observed the expression levels of

PRRX1, ZEB1 and E-cadherin, and the MVD in NSCLC tissues,
and aimed to evaluate the correlations among PRRX1 expres-
sion, tumor prognosis and angiogenesis.
2. Materials and methods

2.1. Patients and tissue samples

Between January 2013 andDecember 2014, a total of 111 patients
who were diagnosed with NSCLC and underwent pulmonary
lobectomy and lymph node dissection at the First Affiliated
Hospital of BengbuMedical College (Anhui, China) were enrolled
in this study. NSCLC tissues and corresponding adjacent normal
alveolar epithelium tissues from these patients were removed. The
patients involved in this researchdid not receive chemotherapy and
targeted therapy before surgery. We collected complete clinico-
2

pathological and follow-up data for all patients by phone every six
months. Additionally, the overall survival (OS) timewasmeasured
from the initial surgery time to death or December 2019. We
performed tumor-node-metastasis (TNM) stagingbasedon the8th
Edition of the American Joint Committee on Cancer (AJCC) lung
cancer staging standard. This study was approved by the ethics
committee of the First Affiliated Hospital of Bengbu Medical
College. Written informed consent was acquired from all patients.
The relevant clinicopathological statistics are shown in Table 1.
According to the 2015 World Health Organization (WHO)
classification of lung tumors, 70 cases of squamous cell carcinoma
were mainly keratinized, 41 cases of adenocarcinomawere mostly
acinar and papillary, and other types are rare in this study.
2.2. Immunohistochemistry

All surgical specimens were fixed in 4% neutral formaldehyde
and liquid paraffin-embedded samples were placed in the mold.
Representative wax blocks were cut into 4 mm thick continuous
sections, and all pathological tissue sections were dewaxed with
xylene and a gradient alcohol series. Then these sections were
rinsed for 10 minutes with distilled water. The tissue slides were
immersed in sodium citrate buffer (pH 6.0), boiled in a pressure
cooker and cooled to 37°C for antigen retrieval. To inhibit
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endogenous peroxidase and perform tissue antigen repair, we
added 3% hydrogen peroxide solution was added to all sections
in a dropwise manner, and then incubated the sections at room
temperature for 15 minutes. The slides were washed 3 times with
phosphate buffered saline (PBS, pH 7.2) for 3 minutes each time.
We placed the slices in an incubation box, added a few drops of
mouse monoclonal anti- PRRX1 (1:150, TA803116, OriGene,
USA) and rabbit monoclonal anti-ZEB1 (1:100, ab87280,
Abcam, UK), anti-E-cadherin (1:200, ab1416, Abcam, UK),
and anti-CD34 (1:200, ab762, Abcam, UK) antibodies and then
placed them in a 37°C incubator for 1 hour. After that, the
sections were washed with PBS 3 times for 9 minutes, and the
secondary antibody goat anti-rabbit/mouse IgG-HRP was added
dropwise and left at room temperature for 30 minutes. All slices
were immersed in a newly prepared DAB solution, counter-
stained with hematoxylin, rinsed with distilled water, dehydrated
with gradient alcohol and sealed with neutral resin.
2.3. Immunostaining evaluation and count of MVD

The judgment of immunohistochemical results was conducted by
2 independent and double-blind histopathologists. We classified
the staining results in terms of intensity (0: no staining; 1: faint-
yellow staining; 2: tan staining; 3: dark-brown staining) and
extent (1: <11% positive cells; 2: 11%–15% positive cells; 3:
51%–75% positive cells; 4: >75% positive cells). The final score
was obtained by multiplying the intensity and extent scores, with
a final score ≥3 indicating positive expression and <3 indicating
negative expression. The MVD value was measured by the
method of Weidner et al.[20] We used CD34 immunostaining to
label endothelial cells. The pathologists first selected the 3 fields
with the highest vascularization under a low-power microscope
(100�) and then counted the number of capillaries and small
veins in tumor tissues at high magnification (400�). The MVD
value was calculated as the average number of microvessels in
these 3 fields. Additionally, when counting, blood vessels
containing more than 8 red blood cells and blood vessels with
relatively thick muscle layers were excluded.

2.4. Statistical analysis

All data were analyzed with SPSS software version 26.0 and
denoted by the mean± standard deviation (SD). The relationships
between clinicopathological data and PRRX1, ZEB1, E-cadherin
and MVD status were assessed by the Chi-Squared test. The
correlation between PRRX1, ZEB1, E-cadherin and the MVD
were analyzed by the Spearman rank correlationmethod.We used
univariate and multivariate analyses to explore the impact of
PRRX1, ZEB1, E-cadherin and the MVD on the survival time.
Univariate OS analysis was performed using the KM test. The
multivariate Cox hazard regression model was used to investigate
independent predictors for OS. A P value <.05 was considered to
be significantly different.

3. Results

3.1. Associations between PRRX1, ZEB1, E-cadherin, the
MVD and the clinicopathological factors of patients with
NSCLC

The roles of PRRX1, ZEB1, E-cadherin and the MVD in the
NSCLC and control groups were explored by immunohistochem-
istry and the clinical characteristics and experimental data
3

obtained in the study were analyzed. PRRX1 was mainly
distributed in the nucleus, with lower expression in NSCLC
tissues (38.7%, 43/111) than in corresponding normal lung
tissues (90.1%, 100/111; P< .001; Fig. 1A and 1B). PRRX1
expression was inversely proportional to tumor size (P= .013),
LNM (P= .001), and TNM stage (P= .012; Table 2), but its
expression did not correlate significantly with other clinico-
pathological characteristics (Table 2).
ZEB1 expressionwas restricted to the nucleus and cytoplasm. Its

expressionwas higher inNSCLC (55.0%, 61/111) than in adjacent
healthy tissues (13.5%, 15/111; P< .001; Fig. 1C and 1D).
Immunostaining demonstrated that ZEB1 expression was posi-
tively related to tumor size (P= .030), LNM (P= .002), distant
metastasis (DM) (P= .022), and TNM stage (P< .001; Table 2),
while it did not correlate with age (P= .821), sex (P= .749),
smoking status (P= .567), location (P= .841), gross type (P= .914),
histological type (P= .562) or grade (P= .376; Table 2).
E-cadherin was more highly expressed in the cytoplasm and

membrane of normal alveolar epithelial tissues (93.7%, 104/111),
than in NSCLC tissues (44.1%, 49/111; P< .001; Fig. 1E and 1F).
E-cadherin expression correlated inversely with tumor size
(P= .023), LNM (P< .001), DM (P= .025), and TNM stage
(P< .001; Table 2). However, there were no apparent correlations
betweenE-cadherinexpressionandother clinical features (Table2).

The average MVD counts were 29.53±8.43 in the NSCLC
tissues and 16.39±3.78 in the normal lung tissues (Fig. 1G and
1H). We divided these NSCLC patients into high-MVD (≥29.5)
and the low-MVD (<29.5) groups according to the mean MVD.
As shown in Table 2, the MVD was connected to tumor size
(P= .009), LNM (P< .001), DM (P= .022), and TNM stage
(P< .001) in NSCLC.
3.2. Survival prognosis

The median follow-up time for the 111 patients was 35.0months
(range: 2.0 to 84.0months). Of these patients, 25 survived 5 years
after the operation. According to survival analysis, the 5year OS
rate was 22.5%. KM survival analysis implied that the OS (29.0±
15.9) of PRRX1� patients was lower than the OS (55.4±16.9) of
PRRX1+ patients (P< .001; Fig. 2A). In the ZEB1+ group, the OS
(26.2±13.0) was notably shorter than the OS (55.1±17.1) in the
ZEB1� group (P< .001; Fig. 2B). Similarly, theOS (26.1±13.3) in
the E-cadherin� group was markedly lower than the OS (55.8±
16.1) in the E-cadherin+ group (P< .001; Fig. 2C). TheOS in high-
MVD patients (29.4±16.6) was obviously shorter than the OS
(51.2±19.1) in low-MVD patients (P< .001; Fig. 2D; Table 3).
According to the multivariate analysis, the expression levels of
PRRX1 (P< .001), ZEB1 (P< .001), and E-cadherin (P< .001)
and the MVD (P= .001; Table 4) may act as independent
predictors in NSCLC. Moreover, multivariate and univariate
analyses of clinical features showed that tumor size, LNM, DM
andTNMstagewere closely related to the survival time ofNSCLC
(P< .05; Table 3, Table 4). Our multivariate Cox regression
analyses revealed that age, gender, smoking, location, gross type,
histological type and grade were not linked to the OS (Table 4).

3.3. Correlations between PRRX1, ZEB1, E-cadherin and
the MVD

We found that the high MVD was negatively related to
PRRX1 (r=�0.246, P= .009) and E-cadherin expression levels
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Figure 1. Positive staining of PRRX1, ZEB1, E-cadherin, and CD34 in NSCLC and control tissues (� 400 magnification). (A) Negative staining of PRRX1 in NSCLC
tumor cells; (B) Positive staining of PRRX1 in the nucleus of control tissues; (C) Positive staining of ZEB1 in the nucleus and cytoplasm of NSCLC tumor cells; (D)
Negative staining of ZEB1 in control tissues; (E) Negative staining of E-cadherin in NSCLC tumor cells; (F) Positive staining of E-cadherin in the membrane and
cytoplasm of control tissues; (G, H) Immunohistochemical staining of CD34, which was used to label vascular endothelial cells and to evaluate MVD values; (G) High
MVD in NSCLC tissues; (H) Low MVD in control tissues.
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(r=�0.289, P= .002), but positively related to ZEB1 expression
(r=0.309, P= .001). The expression of PRRX1 was negatively
related to the expression of ZEB1 (r=�0.544, P< .001) and
positively related to the expression of E-cadherin (r=0.373,
P< .001). The expression levels of ZEB1 and E-cadherin
correlated negatively (r=�0.435, P< .001) (Table 5).
4. Discussion

NSCLC is the most common primary tumor of the respiratory
system. Even though themultidisciplinary diagnosis and treatment
approaches for the disease have been significantly improved, the
early diagnosis rates and the prognosis of NSCLC are still
unsatisfactory. Recently, some scholars have employed a random
forest algorithm to find that the top ten factors closely related to
lung cancer death are gender, age, radiotherapy, LNM, primary
tumor size, histological type, and tumor laterality.[21] Shang et al.
believed that lung adenocarcinoma histologic characteristics are
related to oncogenic diver alterations.[22] Moreover, angiogenesis
and variations in biomarkers are closely related to tumor growth
and metastasis. In this research, we surveyed the expression levels
of PRRX1, ZEB1, and E-cadherin and the MVD to explore new
targets for antiangiogenic therapy in NSCLC.
4

PRRX1, which belongs to the paired homeobox family, can be
used as a transcription factor to regulate various genes.
Expression of PRRX1 is stable in different tissues in the human
body, including the lung, heart, bone, and so on.[23] Melina et al.
reported that PRRX1 in adipocytes inhibited fat metabolism and
reduced the sensitivity to insulin by inhibiting PPARG2
expression.[24] Shimozaki et al showed that PRRX1 and SOX2
work together to facilitate the self-renewal of neural stem cells.[25]

Research by Lu et al suggested that tumor necrosis factor-induced
high expression of PRRX1 and inhibited bone forma-
tion.[10]PRRX1 was first discovered in 2012, and it was found
that low expression of PRRX1 in tumor cells promoted of EMT
occurrence.[11] However, Takahashi et al transfected a PRRX1
plasmid into a colorectal cancer cell line. They found that in
comparison to those of the control group, the cells of the PRRX1
over expression group showed a more interstitial cell-like
morphology, and that E-cadherin expression was meaningfully
reduced, indicating that high expression of PRRX1 can promote
the EMT in colorectal cancer cells.[14] To date, there have been
only a few reports directly related to the function of PRRX1 in
NSCLC. Ocaña et al analyzed public data sets and found that
low-transcript levels of PRRX1 are related to a short survival
time in lung SCC.[11] Zhu et al. demonstrated that silencing



Table 2

The correlation between PRRX1, or ZEB1, or E-cadherin, or MVD and clinicopathological characteristics in NSCLC.

PRRX1 ZEB1 E-cadherin MVD

Variable Negative Positive P Negative Positive P Negative Positive P Low High P

Age, years .440 .821 .198 .567
<60 22 17 17 22 25 14 19 20
≥60 46 26 33 39 37 35 31 41

Gender .340 .749 .814 .139
Male 50 35 39 46 48 37 35 50
Female 18 8 11 15 14 12 15 11

Smoking .716 .567 .626 .077
No 23 16 19 20 23 16 22 17
Yes 45 27 31 41 39 33 28 44

Location .353 .841 .261 .342
Left 33 17 22 28 25 25 25 25
Right 35 26 28 33 37 24 25 36

Gross type .943 .914 .612 .620
Central 40 25 29 36 35 30 28 37
Peripheral 28 18 21 25 27 19 22 24

Histological type .245 .562 .663 .163
SCC 40 30 33 37 38 32 28 42
Ade 28 13 17 24 24 17 22 19

Grade .355 .376 .618 .198
Well 5 4 5 4 4 5 5 4
Moderate 42 31 35 38 40 33 36 37
Poor 21 8 10 19 18 11 9 20

Size .013 .030 .023 .009
<3.0cm 10 15 16 9 9 16 17 8
≥3.0cm 58 28 34 52 53 33 33 53

LNM .001 .002 <.001 <.001
No 24 29 32 21 15 38 33 20
Yes 44 14 18 40 47 11 17 41

DM .050 .022 .025 .022
No 60 43 50 53 54 49 50 53
Yes 8 0 0 8 8 0 0 8

TNM stage .012 <.001 <.001 <.001
I+II 36 33 41 28 28 41 45 24
III+IV 32 10 9 33 34 8 5 37

Ade= adenocarcinoma, SCC= squamous cell carcinoma, LNM= lymph node metastasis, DM= distant metastasis, TNM= tumor-node-metastasis, PRRX1= paired related homeobox 1, ZEB1 = zinc finger E-
box binding homeobox 1, MVD = microvessel density, NSCLC = non-small cell lung cancer.
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PRRX1 in A549 cells promoted the EMT.[26] In addition, over
expressed PRRX1A was found to have critical roles in regulating
the stemness and metastatic potential of lung cancer.[27] For the
first time, we used immunohistochemistry to investigate PRRX1
protein expression in NSCLC patients and its relationship with
angiogenesis from the perspective of histology. In our study,
PRRX1+ expression was visibly abated in NSCLC tissues
compared with adjacent healthy tissues and correlated negatively
with tumor size, LNM, and TNM stage. KM analysis revealed
that negative PRRX1 expression was related to a shorter OS time
than positive PRRX1 expression. PRRX1 expression was an
independent predictor of NSCLC prognosis. The results were
consistent with previous research.[11,12,26]

The EMT promotes the tumorigenic progression of epithelial
cells and plays an essential role in tumor metastasis.[28] By
observing E-cadherin expression, a classic EMT marker, we
analyzed the role of PRRX1 in the EMT and detected that
expression of PRRX1 in NSCLC specimens was favorably linked
to the loss of E-cadherin. Hence, low PRRX1 protein levels
promoted the EMT in NSCLC. Common inducers of EMT
mainly include the TWIST, ZEB, and SNAIL families.[29] Reports
have shown that PRRX1 and TWIST1 might cooperate during
5

the progression of EMT.[11] Fazilaty et al described a gene
regulatory network through which Snail1 directly inhibits
PRRX1 transcription.[30] In addition, our experimental results
indicated a significant inverse correlation between PRRX1 and
ZEB1 expression. ZEB1 is generally regarded as a vital driver of
cancer invasion and orchestrates the EMT by repressing E-
cadherin.[31–33] ZEB1 is abnormally expressed in various human
tumors, and it is believed to promote cancer migration, invasion
and metastasis.[33–36] In previous reports, some factors affected
NSCLC tumor development and progression by the regulation
of ZEB1.[37,38] Nevertheless, the mechanism of ZEB1 as an
activator remains unclear. In this study, ZEB1+ expression was
higher in the NSCLC group than in the control group, and it was
positively associated with tumor size, LNM, DM, and TNM
stage. KM analysis further revealed that the ZEB1+ group of
NSCLC patients had shorter survival times than the ZEB1–
group. These results were in accordance with those of previous
studies.[35–39]

Many researchers believe that the establishment of fresh
microvessels in tumors plays an important role in tumor
development and metastasis.[40,41] Previous studies have shown
that the regular expression of PRRX1 is essential for the

http://www.md-journal.com


Figure 2. Kaplan–Meier analysis of the survival rates of patients with NSCLC. (A) Overall survival of all patients in relation to PRRX1 (log-rank=36.077, P< .001). (B)
Overall survival of all patients in relation to ZEB1 (log-rank=65.217, P< .001). (C) Overall survival of all patients in relation to E-cadherin (log-rank=65.629, P< .001).
(D) Overall survival of all patients in relation to MVD (log-rank=38.889, P< .001).

Table 3

Results of univariate analyses of OS time.

Variable n Mean OS, months Log-rank P value

PRRX1 36.077 <.001
Negative 68 29.0±15.9
Positive 43 55.4±16.9

ZEB1 65.217 <.001
Negative 50 55.1±17.1
Positive 61 26.2±13.0

E-cadherin 65.629 <.001
Negative 62 26.1±13.3
Positive 49 55.8±16.1

MVD 38.889 <.001
Low 50 51.2±19.1
High 61 29.4±16.6

Age (years) 2.710 .100
<60 39 35.5±18.2
≥60 72 41.2±21.9

Gender 0.148 .700
Male 85 38.7±21.2
Female 26 40.7±19.4

(continued )
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Table 3

(continued).

Variable n Mean OS, months Log-rank P value

Smoking 0.940 .332
No 39 41.1±20.4
Yes 72 38.2±21.0

Location 1.225 .268
Left 50 40.9±21.4
Right 61 37.8±20.3

Gross type 0.386 .535
Central 65 37.4±20.1
Peripheral 46 41.8±21.6

Histological type 0.009 .924
SCC 70 38.9±21.8
Ade 41 39.6±19.1

Grade 5.551 .062
Well 9 39.7±24.5
Moderate 73 40.9±20.7
Poor 29 34.8±19.8

Size 16.176 <.001
<3.0 cm 25 56.3±19.3
≥3.0 cm 86 34.2±18.5

LNM 50.151 <.001
No 53 52.7±19.6
Yes 58 26.8±12.4

DM 81.426 <.001
No 103 41.4±19.8
Yes 8 10.4±5.4

TNM stage 71.648 <,001
I+II 69 49.5±18.5
III+IV 42 22.3±10.8

Ade= adenocarcinoma, SCC= squamous cell carcinoma, LNM= lymph node metastasis, DM= distant metastasis, TNM= tumor-node-metastasis, PRRX1= paired related homeobox 1, ZEB1= Zinc finger E-
box binding homeobox 1, MVD = Microvessel density, OS = overall survival.
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development and integrity of lung blood vessels.[19,42] Our study
indicated that the MVD value in NSCLC was obviously higher
than that in the control group and was markedly connected with
tumor size, LNM, DM, and TNM stage. The low-MVD group of
NSCLC patients showed a longer OS time than the high-MVD
group. Moreover, we observed that high MVD correlated
negatively with PRRX1 expression, but positively with ZEB1
Table 4

Results of multivariate analyses of OS time.

Variable B SE

PRRX1 �1.362 0.316
ZEB1 1.430 0.342
E-cadherin �1.847 0.345
MVD 0.910 0.285
Size 0.943 0.311
LNM 0.933 0.349
DNM 2.354 0.556
TNM stage 0.781 0.356
Age �0.126 0.273
Gender �0.388 0.411
Smoking 0.203 0.328
Location 0.313 0.235
Gross type �0.362 0.258
Histological type �0.068 0.302
Grade �0.260 0.247

PRRX1= paired related homeobox 1, ZEB1= zinc finger E-box binding homeobox 1, MVD=microvessel de
overall survival.
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expression, suggesting that PRRX1 and ZEB1 may affect tumor
metastasis by regulating angiogenesis. Consequently, PRRX1 and
ZEB1 may become potential targets for antiangiogenic therapy.
Tumor angiogenesis is a complicated process involving multiple
steps and factors. Until now, the specific mechanisms by which
PRRX1 and ZEB1 affect angiogenesis were unclear. Further
molecular-level research is needed to clarify these mechanisms.
P RR 95%CI

<.001 0.256 0.138–0.476
<.001 4.180 2.140–8.165
<.001 0.158 0.080–0.310
.001 2.485 1.421–4.347
.002 2.568 1.396–4.724
.008 2.541 1.282–5.039
<.001 10.533 3.542–31.317
.028 2.183 1.086–4.390
.644 0.882 0.517–1.505
.344 0.678 0.303–1.517
.537 1.225 0.644–2.330
.183 1.368 0.863–2.168
.160 0.696 0.420–1.154
.822 0.934 0.517–1.688
.294 0.771 0.475–1.252

nsity, LNM= lymph node metastasis, DM= distant metastasis, TNM= tumor-node-metastasis, OS=

http://www.md-journal.com


Table 5

Correlation among PRRX1, ZEB1, E-cadherin, and MVD in NSCLC.

PRRX1 ZEB1 E-cadherin

Variable Negative Positive r P Negative Positive r P Negative Positive r P

MVD �0.246 .009 0.309 .001 �0.289 .002
Low 24 26 31 19 20 30
High 44 17 19 42 42 19

PRRX1 �0.544 <.001 0.373 <.001
Negative 16 52 48 20
Positive 34 9 14 29

ZEB1 �0.435 <.001
Negative 16 34
Positive 46 15

PRRX1 = paired related homeobox 1, ZEB1 = zinc finger E-box binding homeobox 1, MVD = microvessel density.
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5. Conclusions

In summary, we demonstrated that low PRRX1 expression and
high ZEB1 expression are associated with the EMT, angiogenesis
and adverse outcomes in NSCLC patients. We believe that
PRRX1 and ZEB1 might serve as novel prognostic biomarkers
and potential therapeutic targets.
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