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Abstract \\
Background: As a member of the N-myc down-regulated gene family, N-Myc downstream-regulated gene 2 (NDRG2) |
contributes to the tumorigenesis of various types of cancers. However, the correlation between NDRG2 expression and the
prognosis of solid tumor remains to be elucidated because of small sample sizes and inconsistent results in previous studies. In the
present study, we conducted a systematic review and meta-analysis to explore the prognostic significance of NDRG2 in human solid
tumors.

Methods: PubMed, Web of Science, Embase, Chinese National Knowledge Infrastructure, and WanFang databases (up to April
2020) were searched for relevant studies that evaluated the impact of NDRG2 on clinical outcomes, including overall survival (OS),
and disease-free survival (DFS), in solid tumors. Hazard ratios (HRs) with 95% confidence intervals (Cls) were pooled to assess the
association between NDRG2 expression and the survival of patients with solid tumors. Odds ratios (ORs) with 95% Cls were pooled
to estimate the correlation between NDRG2 expression and clinicopathologic characteristics in the patients.

Results: A total of 13 eligible studies with 1980 patients were included in this meta-analysis. Low NDRG2 expression was
significantly associated with poor OS (HR=1.96, 95% Cl: 1.60-2.40, P < .001) and DFS (HR=2.70, 95% Cl: 1.42-5.13, P=.002) in
solid tumor. Furthermore, low NDRG2 expression was related to some phenotypes of tumor aggressiveness, such as clinical stage
(OR=3.21, 95% ClI: 1.96-5.26, P<.001), lymph node metastasis (OR=2.14, 95% CI: 1.49-3.07, P<.001), and degree of
differentiation (OR=0.60, 95% CI: 0.45-0.81, P=.001).

Conclusions: NDRG2 may be a meaningful biomarker of poor prognosis and a potential therapeutic target for human solid tumors.

Abbreviations: Cl| = confidence interval, DFS = disease-free survival, HR = Hazard ratio, MMP = matrix metalloproteinase,
NDRG2 = N-Myc downstream-regulated gene 2, NOS = Newcastle-Ottawa Scale, NR = none reported, OR = odds ratio, OS =

overall survival.
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1. Introduction

Cancer’s high morbidity and mortality make it a worldwide
public health concern, and its mortality rate is higher than that of
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cardiovascular diseases in some countries."*! Despite rapid
progress in targeted therapies and comprehensive treatments for
cancers, the prognosis for most cancer patients is still poor.'*! One
of the greatest challenges in cancer treatment is the accurate
prediction of the recurrence and outcome of each patient to
determine which treatment strategies are appropriate. Although
traditional pathological stages have been developed to predict
clinical outcome and guide the treatment of patients with solid
tumors, they fail to accurately predict prognosis. Thus,
identification of more molecules involved in the occurrence
and development of cancer might be of great significance in the
recognition of potential markers and specific targets for cancer
prevention and individualized treatment.'*!

N-Myc downstream regulatory gene 2 (NDRG2) belongs to
the NDRG family, which is related to human cancer and nervous
system diseases.]® NDRG2 is recently revealed to be a candidate
tumor suppressor gene that plays an active role in controlling
tumor growth and morbidity effect. Additionally, accumulative
evidence indicated that overexpression of NDRG2 can signifi-
cantly inhibit tumor growth, migration, proliferation, adhesion,
and invasion.”"*! Moreover, NDRG?2 is reportedly involved in
the cellular metabolism processes, such as hormone, ionic, and
liquid metabolism, as well as stress responses, such as responses
to hypoxia and lipotoxicity.”"3! NDRG2 expression is
decreased in various cancers, including lung,"*! breast,!™!
colorectal,*®! hepatocellular,"”! pancreatic,® and esophageal
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squamous cancers.!'”! Recent studies have demonstrated that low
NDRG?2 protein expression is closely related to poor prognosis of
cancer patients.'®2973% However, the prognostic impact of
NDRG?2 is inconclusive.?*3!l Thus, we conducted this meta-
analysis to evaluate the prognostic value of NDRG2 protein
expression in various solid tumors.

2. Materials and methods

2.1. Ethics and dissemination

As the present meta-analysis was conducted based on previous
published studies and did not involve direct contact with patients
or alterations to patient care, ethical approval, and patient
consent are not required.

2.2. Search strategy

We performed a comprehensive literature search using PubMed,
Web of Science, EMBASE, Chinese National Knowledge Infra-
structure, and WanFang databases (up to April 2020) for relevant
studies that analyzed the prognostic value of NDRG2 in various
cancers. The following search terms were used: (“N-Myc
downstream-regulated gene 2” or “NDRG2”), and (“tumor” or
“cancer” or “carcinoma” or “neoplasm”), and (“prognosis” or
“outcome” or “survival”). We also manually filtered the reference
lists of the searched articles to identify additional studies. Full-text
articles published in English or Chinese were included.

2.3. Inclusion and exclusion criteria
Studies that were enrolled adhered to the following criteria:

1. human solid tumor was diagnosed by histopathology;

2. NDRG2 expression was measured in cancer tissues by
immunohistochemistry (IHC) stain and divided into “high”
and “low” or “positive” and “negative” groups;

3. the relationship between NDRG2 expression and solid tumor
prognosis, including overall survival (OS) or disease-free
survival (DFS), was assessed; and

4. hazard ratios (HRs) with 95% confidence intervals (CIs) can
be extracted directly or calculated with sufficient data.

Articles were excluded according to the following criteria:

1. reviews, letters, case reports, editorials, abstracts, expert
opinions, or animal experiments;

. miRNA expression was detected in tumor tissue;

3. studies without key information that could be used to estimate
the HR and 95% CI;

4. patients were not divided into two groups based on NDRG2
expression; and

5. studies with sample sizes of less than 50.

[\®)

2.4. Data extraction and quality assessment

Two investigators (GAQ and X]J) independently evaluated and
extracted data from each study according to the predefined
criteria. Any disagreements were resolved by reaching a
consensus with a third investigator (ZCM). The following
information was extracted from the eligible studies: first authors
name, year of publication, country, cancer type, clinical stage,
follow-up time, sample size, outcome endpoint, and HR
estimation with 95% CI of low NDRG2 expression group
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versus high NDRG2 group. If univariate and multivariate HR
estimations were both provided, then we preferred to use the
latter to minimize bias.

The quality of all included studies was evaluated independently
by 2 authors (GAQ and Y]) using the Newcastle-Ottawa Scale
(NOS). Any discrepancies were resolved through discussion with
another investigator (ZCM). The NOS score ranged from 0 to 9
based on the quality of selection, comparability, and outcome of
interest. The investigations with scores higher than 6 had high-
quality methodology.

2.5. Statistical analysis

Stata 12.0 (STATA Corp., College Station, TX) software was
applied to perform all statistical analyses. The combined HRs and
corresponding 95% Cls were calculated to evaluate the association
of NDRG2 expression with patient survival. For the overall result,
HR and 95% CI greater than 1 implied a worse prognosis in
patients with low NDRG2 expression. Beyond that, the pooled
odds ratio (OR) and their 95% CI were applied to assess the
association between NDRG2 expression and the clinicopathologi-
cal parameters of solid tumors. Heterogeneity among individual
studies was evaluated by Chi-Squared Q and I-squared statistical
tests. When the results (I* > 50% or P <.05) indicated heteroge-
neity, the random-effects model was used for the meta-analysis.
Otherwise, the fixed-effects model was adopted. Meta-regression
and subgroup analyses were conducted to explore the sources of
heterogeneity. Sensitivity analysis was performed to verify the
outcome credibility by sequentially omitting each individual study.
Publication bias was statistically evaluated using Begg and Egger
tests and visually assessed with a funnel plot. In case of significant
publication bias, the trim and fill method was applied to validate
the robustness of the summary results.

3. Results

3.1. Search results and study characteristics

According to the above-described search strategies, a total of 194
records were initially identified. After removing duplicate studies,
76 articles were required for further evaluation. After the
exclusion of evidently irrelevant literature (n=31), reviews (n=
6), and nonhuman studies (n=9), 30 relevant full-text articles
were assessed. Following the careful review of the full texts, 13
studies with 13 cohorts were finally identified as eligible and were
then included in this meta-analysis. The process of literature
selection is shown in Figure 1.

The included studies were published from 2012 to 2019 with a
total of 1980 cancer patients from China,?2>28-30!
Korea,**”*Uand Japan.['8 Among all study cohorts, 2 evaluated
colorectal cancer,?®*®! breast cancer,?**"" and renal cell
carcinoma,?”*®! and single studies focused on hepatocellular
carcinoma,?*! cholangiocarcinoma,®?! prostate cancer,'*! gastric
carcinomas,”! pancreatic cancer,® lung cancer,*”! and gall-
bladder carcinoma.*®! The sample size ranged from 60 to 316. All
included cohorts reported data on OS,182°311 and 5 of them
including 919 patients also provided the data on DFS.1**273! The
HR and 95% CI were directly obtained from 7 studies.?°->2%~
2731 Data from the remaining 6 studies were extracted using
Kaplan-Meier survival curves.!'®232428-3% Op the basis of the
NOS, every cohort study was allocated a score of >6, suggesting
that these studies were of high quality. Other characteristics of the
included studies are described in detail in Table 1.
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Figure 1. Flow diagram of the study selection process and specific reasons for
exclusion in the meta-analysis.

3.2. Relationship between NDRG2 expression and
prognosis

All 13 included cohorts reported the results of OS toward
NDRG2 expression with a total of 1980 cancer patients.
Considering the significant heterogeneity among studies (I*=
50.7%, P=.018), the random-effects model was applied to
calculate the pooled HR and 95% CI (Table 2, Fig. 2). The results
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demonstrated that low expression level of NDRG2 was
correlated with poor OS in human cancer (HR=1.96, 95%
CI: 1.60-2.40, P <.001, Table 2).

Considering the significant heterogeneity among studies,
subgroup and meta-regression analyses were performed by
focusing on the study region, cancer type, clinical stage, sample
size, the proportion of patients with low NDRG2 expression, and
analysis method to explore the sources of heterogeneity for OS
(Table 2). In the subgroup analysis of study region, the low
expression of NDRG2 was significantly associated with worse
OS in China (HR=1.72, 95% CI: 1.50-1.96, P <.001), Korea
(HR=3.30, 95% CI: 1.13-9.62, P=.029), and Japan (HR=
1.77, 95% CI: 1.03-3.02, P=.038). Regarding cancer type
subgroup analysis, the overall results showed that the negative
expression of NDRG2 had an unfavorable impact on OS in
patients with digestive system malignancies (HR=1.78, 95% CI:
1.48-2.13, P<.001), breast cancer (HR=1.53, 95% CI: 1.21-
1.94, P<.001), prostate cancer (HR=15.27, 95% CI: 1.13-
32.58, P=.006), and lung cancer(HR=1.71, 95% CI: 1.24-
2.34, P=.001), but such association was not observed for
patients with renal cell carcinoma (HR=4.70, 95% CI: 0.94-
23.36, P=.059). Regarding clinical stage subgroup analysis, a
significant relationship was found between NDRG2 expression
and prognosis in patients with cancer stages [-[IV (HR=1.74,
95% CI: 1.49-2.02, P <.001), others (HR=1.65,95% CI: 1.30-
2.10, P<.001), and NR (HR=12.29, 95% CI: 5.12-29.50,
P<.001). When subgroup analysis was performed based on
sample size, low NDRG2 expression was significantly correlated
with short OS in both small (HR=1.61, 95% CI: 1.36-1.90,
P<.001) and large (HR=2.04, 95% CI: 1.69-2.47, P <.001)
sample sizes. Additionally, a subgroup analysis of OS was
performed according to the proportion of patients with low
NDRG2 expression, as determined by the cut-off value. The
results showed that low NDRG2 protein expression was
associated with poor OS in high (HR=2.12, 95% CI: 1.62-
2.77, P<.001) and low (HR=1.87, 95% CL 1.46--2.40,
P<.001) proportion groups. Similarly, patients with low
NDRG2 expression had worse OS than those with high
expression in multivariate (HR=2.72, 95% CI: 1.68-4.43,
P<.001) and univariate (HR=1.67, 95% CI: 1.44-1.93,
P<.001) analyses. Furthermore, meta-regression demonstrated

Main characteristics of the eligible studies.

Cancer Clinical Follow up Detection  Cut-off NDRG2-low Survival
Study Region  Duration type  stage (months) Number method value (%) analysis Language Quality
Guo Y, 2019 China  2010-2012  HCC [-IlI NR 140 IHC SP <4 87 (62.1) 0S (M) English 7
Chen W, 2019 China  2000-2015  CRC IV 42.8 (1.0-122.6) 316 IHC SP <45 160 (50.6) 0S (M) English 8
Wang J, 2016 China  2005-2013  CCA -1V NR 100 IHC Median 67 (67.0) 0S (M) English 7
Ren GF, 2014 China  1998-2008 PCa NR 36-120 206 [HC SP <265 138 (67.0)0 OS (M); DFS (M)  English 8
Ma J, 2014 China NR BC -1V NR 269 IHC SP <4 157 (58.4) 0S (U); DFS (U  English 6
Huang ZQ, 2014 China  2009-2010  GC -1V NR 80 IHC Sl <2 58 (72.5) 0S () Chinese 6
Yamamura A, 2013 Japan  1997-2006  PC -1V 60 69 IHC SI=0 51 (73.9) 0S ) English 6
Kim YJ, 2013 Korea 2002-2005 CRC [-IV 53.3 (23.5-77.0) 143 [HC PP<25% 77 (53.8) 0S (M); DFS (M)  English 8
Wang H, 2012 China  2002-2006  LC -1V 60 166 IHC SP <4 107 (64.5) 0S () English 6
Song SP, 2012 China  2000-2006  GBC [-II 33 (10-62) 130 IHC SP <3 81 (62.3) 0S () English 6
0h SS, 2012 Korea 1997-2005  BC [V 80.2 (61.9-926) 189 IHC PP<25% 120 (63.5) 0OS (M); DFS (M)  English 8
Ma JJ, 2012 China NR RCC -1V 60 60 IHC SP <1 43 (711.7) 0S () English 6
Liang ZL, 2012 Korea 1999-2006  RCC NR 60 112 IHC SP=0 7 (6.3) 0S (M); DFS (M)  English 8

BC = breast cancer, CRC = colorectal cancer, CCA = cholangiocarcinoma, DFS = disease-free survival, GBC = gallbladder carcinoma, GC = gastric carcinomas, HCC = hepatocellular carcinoma, IHC =
immunohistochemistry, LC = lung cancer, M = multivariate analysis, NR = none reported, OS overall survival, PC = pancreatic cancer, PCa = prostate cancer, PP = percentage of positive cells, RCC = renal cell
carcinoma, SP = staining intensity score and percentage of positive cells, SI = staining/signal intensity, U = univariate analysis.
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Summary of the meta-analysis results.
Categories Trials HR (95% CI) A(%) P, zZ P P
0S (All) 13 (1980) 1.96 (1.60-2.40) 50.7 018 6.56 <.001
Study region 517
China 9 (1467) 1.72 (1.50-1.96)° 29.3 184 7.84 <.001
Korea 3 (444) 3.30 (1.13-9.62) 779 011 2.18 .029
Japan 1(69) 1.77 (1.03-3.02) - - - .038
Cancer type .074
Digestive system 7 (978) 1.78 (1.48-2.13f 0.0 774 6.22 <.001
BC 2 (458) 1.53 (1.21-1.94)" 0.0 827 3.53 <.001
RCC 2 (172) 4.70 (0.94-23.36) 87.0 .005 1.89 .059
PCa 1 (206) 15.27 (1.13-32.58) - - - .006
LC 1 (166) 1.71 (1.24-2.34) - - .001
Clinical stage .080
IV 8 (1076) 1.74 (1.49-2.02f 0.0 884 717 <.001
Others 3 (586) 1.65 (1.30-2.10)" 33 .356 413 <.001
NR 2 (318) 12.29 (5.12-29.50)" 0.0 767 5.62 <.001
Sample size 428
>150 5 (1146) 1.61 (1.36-1.90) 45.8 17 5.54 <.001
<150 8 (834) 2.04 (1.69-2.47f 48.4 .059 7.32 <.001
NDRG2-low 294
>65.0% 5 (515) 2.12 (1.62-2.77f 322 .206 5.45 <.001
<65.0% 8 (1465) 1.87 (1.46-2.40) 57.5 021 4.93 <.001
Analysis method 238
Multivariate 7 (1206) 2.72 (1.68-4.43) 69.3 .003 4.05 <.001
Univariate 6 (774) 1,67 (1.44-1.93) 0.0 .854 6.73 <.001
DFS (All) 5919 2.70 (1.42—5.13) 77.1 .002 3.04 .002

BC = breast cancer, Cl = confidence interval, DFS = disease-free survival, HR = hazard ratio, LC = lung cancer, OS overall survival, PCa = prostate cancer, P, = Pvalue for heterogeneity based on Q test, Py, =
Pvalue for statistical outcome based on multivariate meta-regression analysis, P,= Pvalue for statistical significance based on Z test, RCC = renal cell carcinoma, All pooled HRs were calculated from random-

effect model except for cells marked with (fixed").

that study region (P=.517), cancer type (P=.074), clinical stage
(P=.080), sample size (P=.428), the proportion of patients
with low NDRG2 expression (P=.294), and analysis method
(P=.238) were not able to explain the source of heterogeneity.

Five cohorts comprising 919 participants reported the primary
endpoint of DFS. Considering the significant heterogeneity (I*=
77.1%, P=.002), the random-effects model was applied. The
pooled HR was 2.70 (95% CI: 1.42-5.13, P=.002; Table 2,
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Figure 2. Forest plots of the overall outcomes for OS. The HRs for each trial are represented by the squares, and the horizontal lines crossing the square stand for
the 95% Cls. The diamonds represent the estimated pooled effect of the overall outcome for OS in all solid tumors. All P values are two-sided.
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Figure 3. Forest plots of the overall outcomes for DFS. The HRs for each trial are represented by the squares, and the horizontal lines crossing the square stand for
the 95% Cls. The diamonds represent the estimated pooled effect of the overall outcome for DFS in all solid tumors. All P values are two-sided.

Fig. 3), demonstrating that low NDRG2 expression predicted
reduced DEFS.

3.3. Sensitivity analysis and publication bias

Sensitivity analysis results suggested that the pooled HR
estimations for OS (Fig. 4A) or DFS (Fig. 4B) were not influenced
by the combined overall results after the sequential omission of
each individual study, thereby indicating that the results were
stable and reliable.

The shapes of the funnel plot showed a certain degree of apparent
asymmetry for OS (Fig. 5A), as confirmed by Beggs (P=.003) and
Eggers (P=.001) tests. However, the trim and fill analysis (no new
studies added) did not show any indication of publication bias,
which suggested that the results were robust and reliable. A
significant publication bias was found by Eggers test concerning the
pooled result of DFS (P=.027), but this was not found by Beggs test
(P=.086), as depicted by the funnel plot shape (Fig. 5B). After
conducting the trim-and-fill analysis, 1 non-published study was

needed to balance the funnel plot (Fig. 5C), and the adjusted HR
and 95% Cl slightly changed but remained significant (HR =2.22,
95% Cl: 1.17-4.25, P=.0135), indicating that potential publication
bias had minimal impact on the overall results.

3.4. Association between NDRG2 expression and
clinicopathological features.

To further explore the prognostic value of NDRG2 in solid
tumors, the combined results of the correlations were identified
between NDRG2 expression and the clinicopathological features
of patients with solid tumors (Table 3). Low NDRG2 expression
was related to some phenotypes of tumor aggressiveness, such as
advanced clinical stage (OR=3.21, 95% CI: 1.96-5.26,
P<.001), positive lymph node metastasis (OR=2.14, 95% CI:
1.49-3.07, P<.001), and poor degree of differentiation (OR=
0.60, 95% CI: 0.45-0.81, P=.001). However, no significant
relationship was found between NDRG2 expression and other
clinicopathological features, such as age, gender, and tumor size.
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Figure 4. Effects of individual studies on pooled HRs for NDRG2 and survival in solid tumors. (A) Result of sensitivity analysis for pooled OS estimation. (B) Resullt of

sensitivity analysis for pooled DFS estimation.
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Figure 5. Beggs funnel plots for assessing potential publication bias in studies of NDRG2 in patients with solid tumors. Each study represented by one circle. The
horizontal line represented the pooled effect estimate. (A) Funnel plot of publication bias for OS. (B) Funnel plot of publication bias for DFS. (C) Funnel plot adjusted

with trim and fill methods for DFS.

4. Discussion

Decreased NDRG2 expression is demonstrated in multiple solid
tumors and the expression level could serve as a potential
prognostic marker for OS and DFS. However, the relationship
between NDRG2 expression and its prognosis remains contro-
versial. In this study, results of the meta-analysis demonstrated
that downregulation of NDRG2 was associated with poor OS
(HR=1.96, 95% CI: 1.60-2.40, P <.001) and DFS (HR =2.70,
95% CI: 1.42-5.13, P=.002) in various types of cancers.
Considering the heterogeneity between studies, subgroup and
mete-regression analyses were conducted by focusing on study
region, cancer type, clinical stage, sample size, the proportion of
patients with low NDRG2 expression, and analysis method to
explore sources of heterogeneity for OS. However, these factors
did not explain the source of heterogeneity. After careful analysis,
we found that the heterogeneity mainly comes from Ren GFs
article and Liang ZLs research. The reasons for the difference
between these 2 studies and other studies are the small sample
sizes and the small numbers of patients with low NDRG2
expression. Moreover, sensitivity analysis and publication bias
demonstrated that the results were stable and reliable. Mean-
while, the association between NDRG2 expression and different
clinicopathological features was consistent. Therefore, our meta-
analysis showed that decreased NDRG2 expression was
statistically correlated with poor prognosis in cancer patients.

A better understanding of the molecular mechanisms underly-
ing the function of NDRG2 in tumorigenesis and tumor
progression helps us elucidate prognostic results.

First, differentiation is important in solid tumors; undifferen-
tiated histology is often a marker of tumor aggressiveness and
poor prognosis.”*! One characteristic of cell differentiation is the
reduced rate of cell cycle progression. The G1-S transition is
driven by cyclin-dependent kinase (CDK) 2, which is controlled
by CDK inhibitor p21%AF! (p21) and p275¥®1 (p27).1%2! The
stability of p21 and p27 in cells is primary regulated by S-phase
kinase-associated protein 2 (Skpl).[3 31 The induction of NDRG2
increases Skp2 expression by promoting B-catenin nuclear
translocation, and consequently accelerates the ubiquitination
and degradation of p21 and p27, thereby inhibiting cell
differentiation.”! On the other hand, cyclin D1 belongs to a
highly conserved cyclin family, and its members are characterized
by dramatic periodic changes in protein abundance during the
cell cycle.®*! High cyclin D1 expression changes the cell cycle
process and possibly contributes to tumorigenesis.'*** Induc-
tion of NDRG2 reduces c-Jun phosphorylation at Ser63, which is
followed by the attenuation of the transcriptional activator
protein-1. This further down-regulates cyclin D1, thereby causing
the cell cycle arrest at G1/5.13%! Other proteins and pathways are
also involved in proliferation, such as P38 mitogen-activated
protein kinase,®!

Second, migration and invasion of cancer cells to the
surrounding tissues and vasculature are important initial steps
in cancer metastasis, which is the main cause of cancer-related
death.®”! In esophageal cancer, the overexpression of NDRG2
has been shown to inhibit tumor migration, invasion, and
epithelial-mesenchymal transition by inhibiting the protein
kinase B/X-linked inhibitor of apoptosis protein signaling

Meta-analysis of NDRG2 and clinicopathological features in cancer patients.

Categories Trials (Patients) OR (95%Cl) P(%) Py z P

Age (young vs. old) 11 (1768) 1.13 (0.81-1.59) 58.5 .007 0.73 468
Gender (male vs. female) 9 (1173) 0.96 (0.74-1.25)7 0.0 918 0.31 758
Clinical stage (I-II vs. llI-IV) 7 (933) 3.21 (1.96-5.26) 55.5 .036 4.62 <.001
Lymph node metastasis (negative vs. positive) 8 (1359) 2.14 (1.49-3.07) 52.3 .041 411 <.001
Tumor size (small vs. large) 8 (1340) 1.27 (1.00-1.61)" 6.9 377 1.95 .051
Degree of differentiation (poor/not vs. well/moderate) 6 (1057) 0.60 (0.45-0.81)" 26.6 235 3.45 .001

All pooled ORs were calculated from random-effect model except for cells marked with (fixed"). P, denotes Pvalue for heterogeneity based on Q test; P denotes Pvalue for statistical significance based on Z test.

OR odds ratio; CI confidence interval.



Gu et al. Medicine (2020) 99:41

pathway.*®! Moreover, NDRG2 contributes to the migration
and invasion of oral squamous cell carcinoma and breast cancer
through the inhibition of the phosphatidylinositol 3-kinase/
protein kinase B signaling pathway.*”*°! In addition, NDRG2
reportedly promotes cancer cell migration and invasion by
upregulating the expressions of B-catenin, matrix metallopro-
teinase (MMP)-2, and MMP-9 and by decreasing the expression
of E-cadherin.[26-41:42]

In addition to malignant growth, proliferation, and invasion,
metabolic abnormality is currently regarded as a new malignant
phenotype of cancer cells.*?! Tumor cells use glucose and
glutamine as their main energy sources and precursor inter-
mediates; thus enhanced glycolysis and glutamine dissolution are
the major hallmarks of tumor metabolic reprogramming.'**! In
colorectal cancer cells, NDRG2 inhibits glucose consumption
and production, as well as glutamine consumption and glutamate
production, by repressing c-Myc expression, and the transporters
and catalytic enzymes involved include glucose transporter 1,
hexokinase 2, pyruvate kinase M2 isoform, lactate dehydroge-
nase A, glutamine transporter ASC amino acid transporter 2, and
glutaminase 1.1

However, several limitations also exist in this study. First, the
patients included in this meta-analysis study were all Asian,
which may affect the applicability of our results. Secondly, the
studies included in the meta-analysis were all retrospective works;
studies with positive results were more likely to be published than
negative results. Furthermore, although all eligible cohorts
detected the NDRG2 expression by IHC, the cutoff value varied
across different studies, which might have caused bias in the
pooled analysis. Although we did not restrict the language of the
literature, only studies published in English and Chinese were
included in the meta-analysis

In summary, our meta-analysis demonstrated that low
NDRG2 expression is related to unfavorable outcomes, including
OS and DFS, in patients with solid tumors. Thus, NDRG2 may be
potentially used as a cancer therapy target.
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