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Abstract N-myc downstream regulated gene 1 (NDRG1)
is a member of the N-myc downstream regulated gene
family which belongs to the alpha/beta hydrolase
superfamily. Earlier studies have shown its association
with inhibition of tumor metastasis. However, its func-
tion in malignant tumors is not fully enunciated.
Recently there was increasing evidence that NDRG1 is
involved in stress responses. In the current study, we
examined the expression of NDRG1 and its correlation
with clinicopathological factors and microvessel density
(MVD) in non-small cell lung cancer (NSCLC) using
immunohistochemistry (IHC). NDRG1 expression in
NSCLC (71/115, 61.7%) was higher than that in normal
lung tissues (32/115, 27.8%) (p<0.05). NDRG1 expres-
sion in NSCLC cells was found in cytoplasm (63/115,
54.8%), nuclear (24/115, 20.9%) and cell membrane (13/
115, 11.3%). NDRG1 expression in NSCLC with
advanced T stages (T2-4) (63/84, 75.0%) was significantly
higher than that with T1 stage (8/31, 25.8%) (P<0.05). No
other clinicopathological factors including lymph node
metastasis were found to be associated with NDRG1

expression (p>0.05). Moreover increased NDRG1 expres-
sion was associated with lower MVD in NSCLC (P<
0.05). MVD in adenocarcinoma (33.4±8.4/HP) was
significantly higher than that in squamous cell carcinoma
(SCC) (19.3±8.1/HP) (P<0.05). No other clinicopatho-
logical factors were associated with MVD in NSCLC (p>
0.05). The present findings indicate an increase of
NDRG1 expression with the progress of tumour extent
which may be due to unbalanced tumor oxygenation on
account of poor vascularization in NSCLC.
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Abbreviations
NDRG1 N-myc downstream regulated gene 1
MVD Microvessel density
NSCLC Non-small cell lung cancer
IHC Immunohistochemistry
UICC International Union Against Cancer
WHO World Health Organization
SCC Squamous cell carcinoma

Introduction

N-myc downstream regulated gene 1 (NDRG1) is known as
a differentiation-related gene that plays important roles in
cell differentiation and organ formation [1–3]. Diverse
pathological conditions such as neoplasia modulate
NDRG1 transcription, mRNA stability, and translation [4–
6]. The expression of NDRG1 gene is induced by nickel
which may create hypoxia-like conditions in cells and
induce hypoxia-responsive genes [7, 8]. Thus NDRG1 is
likely to be another gene induced by hypoxia. The process
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of tumor expansion is characterized by rapid growth of
cancer cells as the tumor establishes itself in the host.
Accompanying this rapid growth are alterations in the
cancer cell microenvironment, typically caused by an
inability of local vasculature to supply enough oxygen
and nutrients to the rapidly dividing tumor cells. This
makes hypoxia one common feature of solid tumors.
Exploration of NDRG1 protein expression patterns in
various tissues showed that NDRG1 protein was overex-
pressed in cancers compared to normal tissues, but it’s
clinical significance including effect on tumor metastasis
remains controversial [9–12]. Furthermore significance of
NDRG1 expression in non-small cell lung cancer
(NSCLC) tissues is not clearly documented. In the current
study, we aim to investigate NDRG1 expression and
analyze its association with clinicopathological factors
and vascularization in NSCLC.

Materials and Methods

Tissue Samples

Tumor specimens including NSCLC tissues and paired
non-tumor portion (with >5 cm distance from the primary
tumor’s edge) from 115 patients with NSCLC were
obtained between 2001 and 2005 following surgical
resection at the First Affiliated Hospital of China Medical
University. None of the patients had received radiotherapy,
chemotherapy, or immunotherapy prior to tumor excision.
Of the patients, 72 are male and 43 are female, creating a
1.67:1 ratio of male to female. Patients’ ages at the time of
surgery ranged from 22 to 79, with an average age of
58.7 years old. The tumors were classified according to
the TNM stage revised by the International Union Against
Cancer (UICC) in 2002 [13]. All specimens were re-
evaluated for diagnosis following the criteria for classifi-
cation of lung cancer by the World Health Organization
(WHO) [14], and 47 squamous cell carcinomas (SCCs),
61 adenocarcinomas, 5 large cell carcinomas and 2
adenosquamous carcinomas were confirmed. This study
was conducted under the regulations of the Institutional
Review Board of China Medical University. Informed
consent was obtained from all enrolled patients prior to
surgery.

Immunohistochemistry (IHC)

Formalin-fixed, paraffin-embedded specimens were cut into
4 μm-thick sequential sections. The sections were dewaxed in
xylene and rehydrated stepwise in ethanol. Then the sections
were boiled in citrate buffer (pH 6.0) for 90 s within an
autoclave. Endogenous peroxidase activity and non-specific

binding were blocked with 3% H2O2 and non-immune sera,
respectively. The sections were then incubated with primary
rabbit anti-human NDRG1 polyclonal antibody (ab63989,
Abcam, Cambridge, UK; dilution 1:100) and mouse anti-
human CD34 monoclonal antibody (ab8536, Abcam, Cam-
bridge, UK; dilution 1:100) overnight at 4°C. Thereafter, the
catalyzed signal amplification system (Maixin Biotechnology,
Fuzhou, Fujian, China) was used for NDRG1 and CD34
staining according to the manufacturer’s instructions. The
antibodies were detected by a standard avidin-biotin complex
method with a biotinylated rabbit anti-mouse antibody
(Maixin) and an avidin-biotin complex (Maixin), and
developed with diaminobenzidine. Counterstaining was done
lightly with hematoxylin, and the sections were dehydrated in
alcohol before mounting. Appropriate negative (obtained by
omission of the primary antibodies) and positive (obtained by
experiments on slides of human hepatocellular carcinomas
under the same conditions above at the same time) controls
were used throughout.

The sections were assessed by three observers (CF Fan,
JH Yu and Y Liu) who had no knowledge of the patients’
clinical status. Cases with discrepancies were jointly re-
evaluated by the investigators, and a consensus was
obtained. Scoring of immunohistochemistry was based
on two parameters: the proportion of immunopositive cells
and their intensity of immunoreactivity. The proportion of
immunopositive cells was categorized as follows:
0: <10%; 1: ≥10% to <25%; 2: ≥25% to <50%; 3: ≥50%
to <75% and 4: ≥75%. The staining intensity was
categorized by relative intensity as follows: 0: no
positivity; 1: weak; 2: moderate and 3: strong. A final
immunoreactivity score of each section was obtained by
multiplying the two individual scores. To obtain final
statistical results, a final score less than 2 was considered
as negative, while scores of 2 or more were considered as
positive.

Assessment of Microvessel Density (MVD)

MVD of the 115 NSCLC tissues was determined using
CD34 antibody by IHC. MVD was assessed according to
Weidner et al. [15]. The hot spots were selected under a
microscope (40×), then individual microvessel counts were
made under 200× field (Olympus BH-2 microscope,
0.74 mm2 per field). The average counts in 5 fields were
recorded. Any single highlighted endothelial cell or
endothelial cell cluster clearly separated from adjacent
microvessel, and distinct clusters of brown-stained endo-
thelial cells were counted as separate microvessels. Vessel
lumens were not the sole criteria in identifying a micro-
vessel. The vessels with area more than the diameter of
8 red cells, and the vessels with thick tunica media were not
considered microvessel.
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Statistical Analysis

The Pearson’s Chi-Square test was used to analyze the
relationship between NDRG1 expression and clinicopatho-
logical factors. The McNemar’s test was used to compare
NDRG1 expression in normal lung tissues and lung cancer
tissues. T test and Chi-Square test were used to analyze the
association between NDRG1 expression and MVD in
NSCLC. T test was used to analyze the relationship
between MVD and clinicopathological factors. SPSS
statistical software package version 13.0 (SPSS Inc.,
Chicago, IL, USA) was used for all analyses. P-values of
<0.05 were considered statistically significant.

Results

NDRG1 Expression in Normal Lung Tissues and NSCLC

Normal lung tissue cells (including alveolar Type 2 cells
and bronchial epithelial cells examined) and NSCLC cells
both showed cytoplasm, cell membrane and nuclear
staining of NDRG1 (Fig. 1). Total positive rate of NDRG1
expression in normal lung tissues was 27.8% (32/115), with
a positive rate of 18.3% (21/115) in alveolar Type 2 cells
and 25.2% (29/115) in bronchial epithelial cells. NDRG1
was positive in both alveolar Type 2 cells and bronchial
epithelial cells in 18 cases. NDRG1 expression in NSCLC
(71/115, 61.7%) was higher than that in normal lung tissues
(p<0.05). Separately, NDRG1 expression in SCC (32/47,
68.1%) was higher than that in bronchial epithelial cells,
while NDRG1 expression in adenocarcinoma (37/61,
60.7%) was higher than that in alveolar Type 2 cells (both
p<0.05). NDRG1 expression in cytoplasm of NSCLC cells
(63/115, 54.8%) was higher than that in nuclear (24/115,
20.9%) and cell membrane (13/115, 11.3%) (p<0.05).
NDRG1 expression in cytoplasm of cancer cells was
associated with that in nuclear and cell membrane respec-
tively (both p<0.001) but NDRG1 expression in nuclear
was not associated with that in cell membrane (p>0.05).
All 13 cases with positve cell membrane stain were also
with cytoplasm stain but in the 24 cases with positive
nuclear stain there were 8 cases without cytoplasm stain of
NDRG1. There were 3 cases of NSCLC showing all
cytoplasm, cell membrane and nuclear stain of NDRG1.

Relationship Between NDRG1 Expression
and Clinicopathological Factors in NSCLC

The relationship between NDRG1 expression and different
clinicopathological factors in NSCLC is shown in Table 1.
NDRG1 expression in NSCLC with advanced T stages (T2-
4) (63/84, 75.0%) was significantly higher than that with

T1 stage (8/31, 25.8%) (P<0.05). When we analyzed
NDRG1 expression in cytoplasm in NSCLC a similar
significant correlation between it and T stages was also
found (67.9% (57/84) versus 19.4% (6/31), P<0.05). No
other clinicopathological factors including lymph node
metastasis were found to be associated with NDRG1
expression (P>0.05). There was no significant association
between NDRG1 expression in nuclear or membrane and
any of the clinicopathological factors in NSCLC.

MVD and Association with Clinicopathological Factors
and NDRG1 Expression in NSCLC

Brown-stained CD34 protein expression was located in
the microvessels (Fig. 2). Distribution of microvessels in
sections of NSCLC was illustrated in Fig. 3. The average
MVD in 115 cases of NSCLC was 27.1±8.2/HP (ranged
from 6.4 to 54.6). Relationship between MVD and
different clinicopathological factors in NSCLC is shown
in Table 2. MVD in adenocarcinoma (33.4±8.4/HP) was
significantly higher than that in squamous cell carcinoma
(19.3±8.1/HP) (P<0.05). No other clinicopathological
factors were associated with MVD in NSCLC (p>0.05).
A significant negative correlation was found between
NDRG1 expression and MVD in NSCLC. The NDRG1
expression rate in cases with MVD below median MVD
(27.1/HP) was significantly higher than that in cases with
MVD equal to and over median MVD (P<0.05) (Table 3).
The value of MVD in NDRG1(+) cases (23.8±9.6/HP)
was significantly lower than that in NDRG1(-) cases (32.5
±7.3/HP) (P<0.05) (Table 3 and Fig. 4)

Discussion

In earlier studies NDRG1 expression was found to be
reduced in some malignant tumors including prostate
cancer and breast cancer compared to the non-cancerous
tissues of the same origin [16, 17]. Paradoxically, findings
relating to the expression of NDRG1 are not always
consistent with this tenet. Mei-Sze et al. [12] found that
NDRG1 was significantly highly expressed in hepatocellu-
lar carcinoma compared to nontumor liver. In many other
malignant tumors such as oral squamous cell carcinoma
NDRG1 expression was also found to be upregulated [9,
10]. In our study, we also found NDRG1 expression in
NSCLC was higher than that in relevant normal lung
tissues. Expression of NDRG1 may be tissue- or cell-type
specific. The controversy may be attributed in part to the
fact that NDRG1 expression is highly influenced by
pleiotropic factors and stimuli, including various metal
ions, hypoxia, oncogenes, tumorsuppressor genes, hor-
mones, and vitamins. For example, NDRG1 expression in
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prostate cancer cells is influenced by androgens [18],
whereas that in breast cancer cells depends primarily on
estradiols [17].

Hypoxia is a common characteristic and a key stimulus
in the pathophysiology of many solid tumors including
NSCLC. Kokame et al. [19] demonstrated that the
sulfhydryl group-containing amino acid, homocysteine,
upregulates the expression of NDRG1 which indicates a
link of this gene to stress-response. Sonja et al. [11] found
that hypoxia increases cytoplasmic expression of NDRG1
in human hepatocellular carcinoma. These findings lend
further insights to understanding of the high level of
NDRG1 expression in many solid tumors. In the present
study, we found NDRG1 was highly expressed in NSCLC
compared to adjacent normal lung tissues. To find out
whether the high expression of NDRG1 may be cosequence
of hypoxia in NSCLC, we also investigated vascularization
and its correlation with NDRG1 expression. It is commonly
believed that the stroma carries the blood supply and is

crucial to the growth of the neoplasm. Therefore the
vascular distribution directly determins the conditon of
oxygen supply in the neoplasm. There are several reports
that have linked NDRG1 expression with neovasculariza-
tion in malignant tumors. Shin et al. [20] found high
NDRG1 expression was closely associated with high
angiogenic activity in cervical adenocarcinoma. In the
study they found a positve relationship between NDRG1
and vascular endothelial growth factor in the tumor. While
in Maruyama et al’s study they found NDRG1 over-
expression was associated with reduced tumor-induced
angiogenesis in pancreatic cancer [21]. In our study we
found a negative correlation between NDRG1 expression
with MVD in NSCLC. Though tumor growth depends on
the angiogenesis, its rate often fails to keep pace with tumor
growth. Therefore, many solid tumors have subpopulations
of hypoxic cells. The upregulation of NDRG1 expression
due to poor vascularization in tumor is consistant with the
findings that NDRG1 is involed in stress response caused

Fig. 1 NDRG1 expression in
normal lung tissues and non-
small cell lung cancer tissues.
a in alveolar Type 2 cells (cyto-
plasm stain). b in bronchial
epithelial cells (mainly in cyto-
plasm and membrane with weak
stain in some nuclears). c, d in
squamous cell carcinoma. Posi-
tive stain was seen in cytoplasm
and membrane (c); cytoplasm
and nuclear (d). e, f in lung
adenocarcinoma. Positive stain
was seen in cytoplasm and
membrane (e); cytoplasm, nu-
clear and membrane (f). (×400)
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by many stimuli, such as metal ions which may create
hypoxia-like conditions [7, 8]. It is reasonable to consider
the upregulated expression of NDRG1 in NSCLC in our
study as a response to hypoxia in cancer tissues. But

whether NDRG1 has a role to affect angiogenesis in
NSCLC in vivo still needs further investigation.

Bandyopadhyay et al. [16] found the level of NDRG1
expression was inversely related with the Gleason grade of

Fig. 2 Microvessel visualiza-
tion in non-small cell lung can-
cer tissues by
immunohistochemistry using
anti-CD34 antibody. Brown-
stained CD34 protein expression
was located in the microvessels
in sections of squamous cell
carcinoma (a) and lung adeno-
carcinoma (b). (×400)

Table 1 Relationship between NDRG1 expression and clinicopathological factors in 115 patients with non-small cell lung cancer

Variables All patients NDRG1 expression p*

Negative Positive

Total 115 44 71

Age(y)

≤55 47 18 29 0.692

>55 68 26 42

Gender

Male 72 29 43 0.145

Female 43 15 28

Histological type

Squamous cell carcinoma 47 15 32 0.092

Adenocarcinoma 61 24 37

Large cell carcinoma 5 4 1

Adenosquamous carcinoma 2 1 1

Grade

Well 30 12 18 0.163

Moderate 47 16 31

Poor 38 16 22

TNM stage

I and II 70 30 40 0.204

III and IV 45 14 31

T stage

T1 31 23 8 0.034**

T2 41 11 30

T3 38 9 29

T4 5 1 4

Lymph node metastasis

Yes 54 25 29 0.062

No 61 19 42

*p values were obtained with the X2 test.

**T1 stage versus advanced T stages (T2-4).
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prostate cancer. The author [17] also found a negative
correlation between NDRG1 expression and metastasis in
breast cancers. Guan et al. [22] reported higher NDRG1
mRNA levels in primary colon cancers than their metastases.
These findings indicate NDRG1 may play important roles in
inhibition of cancer metastasis. However, the function of
NDRG1 associated with tumor metastasis remains contra-
versial. In Mei-Sze et al’s study [12] overexpression of

NDRG1 was found to be an indicator of poor prognosis in
hepatocellular carcinoma. In their study, they demonstrated
using IHC that hepatocellular carcinomas with vascular
invasion express elevated levels of NDRG1 protein compared
to those without vascular invasion. Actually in our current
study we found that the tumors with lymph node metastasis
had lower NDRG1 expression though it was not statistically
significant (p=0.062). As metastasis of malignant tumors is

Variables All patients MVD t p*

Total 115 27.1±8.2

Age(y) 0.405 0.529

≤55 47 28.7±7.8

>55 68 26.0±8.4

Gender 0.257 0.340

Male 72 25.1±10.2

Female 43 30.4±8.3

Histological type 2.479 0.021**

Squamous cell carcinoma 47 19.3±8.1

Adenocarcinoma 61 33.4±8.4

Large cell carcinoma 5 24.7±6.7

Adenosquamous carcinoma 2 25.5±6.5

Grade

Well 30 24.5±7.2 0.152 0.205

Moderate 47 26.2±12.0

Poor 38 30.3±8.8

TNM stage

I and II 70 29.6±8.3 1.804 0.074

III and IV 45 23.2±7.4

T stage

T1 31 30.7±10.2 2.305 0.085

T2 41 26.5±8.3

T3 38 26.1±6.8

T4 5 17.6±9.2

Lymph node metastasis

Yes 54 30.6±8.6

No 61 24.0±9.1 2.437 0.058

Table 2 Relationship between
MVD and clinicopathological
factors in 115 patients with non-
small cell lung cancer

*p values were obtained with
the T test.

**squamous cell carcinoma
versus adenocarcinoma.

Fig. 3 Distribution of micro-
vessels in fields of two hot
spots in sections of squamous
cell carcinoma (a) and lung
adenocarcinoma (b). (×200)
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dependent on angiogenesis, poor vascularization which leads
to hypoxic conditions in tumors is not favourable for
metastasis. As we didn’t investigate lymphatic microvessel
density in our study so we don’t know if it is associated with
MVD. Actually several studies have shown that highly
vascularised tumors have a significantly higher likelihood to
present with loco-regional lymph node metastasis than those
that are poorly vascularised [23–25]. We can only assume
that lymphatic microvessel density may have similar
alterations in NSCLC like MVD. Thus we can infer from
our findings that the upregulation of NDRG1 expression
which is associated with poor vascularization in NSCLC is
not enough to be an evidence that NDRG1 has a role related
to tumor metastasis supressor but may be consequence of
stress response to hypoxia due to poor vascularization which
is not favorable for metastasis.

In many studies MVD was investigated to assess it’s
clinical significance in neoplasm including NSCLC [23–
31]. Some studies found that increasing neovascularization
was correlated with an increased rate of local and distant
metastasis [23–25, 27, 28]. Our results show that NSCLC
with lymph node metastasis has higher MVD though it’s
not significant (p=0.058). Like many other reports we
didn’t find significant association between MVD and tumor

extent in NSCLC. But actually in our study MVD in
NSCLC with T1 stage was higher than that in advanced T
stages (p=0.085). Eberhard et al. [27] have shown that in
glioblastomas, renal cell carcinomas, colon carcinomas,
mammary carcinomas and lung carcinomas, the micro-
vessel density of the tumors was lower than that of the
corresponding nongrowing normal tissues. Sardari et al.
[31] found that growth index was independent of micro-
vessel density in non-small cell lung carcinomas. These
findings indicate that microvessel density levels do not
reflect growth rate though it frequently increases during
tumor progression to accommodate an increased metabolic
demand. There may be some distinct molecular mecha-
nism in neoplasm different from normal tissues protecting
tumor cells against hypoxia. On the other hand, as
unbalanced angiogenesis is often seen in neoplasm and
poor vascularization may reflect frequent hypoxic con-
ditions which can lead to necrosis during tumor growth,
higher MVD in earlier T stage of NSCLC indicates that
this size range may be an ideal condition for tumors to
receive nutritional supply from the circulation.

Tumor cells are known to tolerate oxygen deprivation and
to be resistant to apoptosis under hypoxic conditions. Whether
and how NDRG1 may be involed in the mechanism is
becoming a new focus in research work relating to this gene.
In recent studies, NDRG1 was also found to play certain roles
in apoptosis. Zheng et al. [32] found that ectopic expression
of NDRG1 could delay the apoptosis of leukemic cells
treated by camptothecin analog. Theses results give more
proofs to the suggestion that NDRG1 may play a cytopro-
tective role upon exposure to conditions such as hypoxia that
lead to stress response. Whether NDRG1 expression can
promote tumor growth remains controversial [12, 21, 33]. In
this study we found a positive correlation between NDRG1
expression and tumor extent in NSCLC, but it can not lead to
conclusion that NDRG1 may directly promote tumor growth.
As MVD in NSCLC was not significantly associated with
tumor extent in our study, we can’t attribute the increasing
NDRG1 expression completely to tumor growth. On the
other hand, our findings support the assumption though not
enough to prove it that increasing NDRG1 expression may
have positive effect on tumor growth which may be due to a
possible cytoprotective role of NDRG1 in stress response.
There are reports showing that NDRG1 expression is
translocated within cells in response to exogenous stimuli

Fig. 4 Correlation between NDRG1 expression and MVD. The
median value of MVD in NDRG1-negative specimens was 32.5 and
in NDRG1-positive specimens was 23.8

Staining score MVD t p*

NDRG1-negative 0–1 32.5±7.3/HP 3.461 0.012

NDRG1-positive 2 and more 23.8±9.6/HP

Rate # 2 p**

NDRG1-positive 79.2% <27.1±8.2/HP 5.425 0.018

NDRG1-positive 40.5% ≥27.1±8.2/HP

Table 3 Correlation between
NDRG1 expression and MVD
in non-small cell lung cancer

*p values were obtained with
the T test.

**p values were obtained with
the X2 test.
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[11, 33]. In our study increased NDRG1 expression was
mainly found in cytoplasm of NSCLC cells. While NDRG1
expression in membrane and nuclear of NSCLC cells was
associated with that in cytoplasm. Whether NDRG1 expres-
sion in membrane and nuclear has function in neoplasm is
yet unknown, though we didn’t find any significant
association between it and clinicopathological factors in
NSCLC.

In conclusion, our findings suggest that the overexpres-
sion of NDRG1 was a common abnormality in NSCLC and
could be consequence of hypoxia in NSCLC tissues.
Moreover upregulated NDRG1 expression in NSCLC may
in turn be favorable for tumor growth. However how
NDRG1 expression in malignant tumors is modulated and
functions still needs more investigations. Future studies on
the regulation of NDRG1 and its potential role in the stress
response of NSCLC will be helpful for further understand-
ing of the progress of this malignant tumor.
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