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Abstract
Background: Metallothioneins (MTs) were reported to be associated with many kinds of tumors’ prognosis, although MTs
expression varied greatly among tumors. To assess the prognostic value of Metallothioneins (MTs) in different kinds of tumors,
comprehensive literature search was conducted to perform a meta-analysis.

Methods: Eligible studies were identified by PubMed, MEDLINE, Web of Science (WOS), the Cochrane Library of Systematic
Reviews, EMBASE, China National Knowledge Infrastructure (CNKI), WANFANG database and SinoMed database up to December
2017, which was designed to assess the prognostic value of MTs in different kinds of tumors. The main endpoint events were overall
survival (OS) and disease-free survival (DFS). Hazard ratios (HRs) and its variance were retrieved from the original studies directly or
calculated using Engauge Digitizer version 4.1. Random or fixed effects model meta-analysis was employed depending on the
heterogeneity. Publication bias was evaluated by funnel plots, Begg and Egger tests.

Results: A total of 22 studies were enrolled in this meta-analysis, including 2843 tumor tissues (1517 were MTs negative/low, and
1326 were MTs high). Results showed that there was significant association between MTs expression and tumors’ OS (HR=1.60;
95%CI 1.34∼1.92, P< .00001). Subgroup analysis showed that high level of MTs expression was associated with prolonged OS in
liver cancer (HR=0.65, 95%CI 0.48∼0.89, P= .007), but it was on the contrary in the tumor of ovary (HR=1.47, 95%CI 1.01∼2.14,
P= .04), bladder (HR=1.71, 95%CI 1.21∼2.42, P= .002), intestine (HR=3.13, 95%CI 1.97∼4.97, P< .00001), kidney (HR=3.31,
95%CI 1.61∼6.79, P= .001). However, there was no significant association between MTs expression and OS in breast (HR=1.02,
95%CI 0.69∼1.51, P= .93).

Conclusions:MTs could be taken as a potential prognostic biomarker for tumors, and uniqueness of MTs prognostic value in liver
cancer deserved further study.

Abbreviations: CI = confidence intervention, CNKI = China national knowledge infrastructure, EMBASE = excerpta medica
database, HR = hazard ratio, MTs = Metallothioneins, NOS = Newcastle-Ottawa Scale., OS = overall survival, WOS = web of
science.
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1. Introduction

Metallothioneins (MTs) are a family of small (6–7kDa) protein
consisting of 60 to 80 amino acids, and are identified as highly
conserved among species discovered in 1957 by Margoshes and
Vallee.[1] Human MTs are divided into four main subgroups, i.e.
MT I-IV, among of which, MT-I and MT-II are ubiquitously
expressed, including in the liver, whereas MT-III and MT-IV are
expressed mostly in brain tissue and squamous epithelial cells,
respectively.[2,3] MT-II is encoded by a single geneMT-IIA, while
MT-I is encoded by a set of MT-I genes, such as MT-IA, MT-IB,
MT-IE, MT-IF, MT-IG, MT-IH, and MT-IX, indicating
significant heterogeneity of MT-I.[4]

Increasing evidence suggested that there existed considerable
relationships between MTs expression and tumors.[5–8] MTs
were reported to be increased in tumor tissues such as bladder,[9]

gallbladder,[10] head and neck,[11] melanoma,[12] ovary,[13] and
stomach,[14] while they were decreased in breast,[15] colorec-
tal,[16] hepatocellular,[17] kidney,[18] prostate,[19] thyroid.[20]

MTs’ expression in tumor tissues were reported to be associated
with tumorigenesis,[21] progression,[22] chemotherapy-resis-
tant[23] and prognosis.[24] However, a comprehensive meta-
analysis emphasized on the association of MTs expression and
prognosis of all kinds of tumors has not been employed yet.
Hence, the prognostic value of MTs were evaluated comprehen-
sively in this meta-analysis.
2. Methods

This meta-analysis was performed according to the preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA).[25] The informed consent of the patients and the
ethical approval were not required since our research was based
on the studies published previously.
2.1. Literature search

A comprehensive search was conducted by 2 independent
researchers to clarify all the published researches on MTs clinical
prognostic value. Both English electronic databases such as
PubMed, MEDLINE, the Cochrane Library, Web of Knowledge
and Chinese databases including WANFANG, CNKI, and
SinoMed were used to search the literatures, from Nov. 1990
to Dec. 2017. Key words including
“Metallothioneins” and “Prognostic” combined with free text

words such as “Cancer” and “Survival analysis” and “Clinical”
and “Human” were identified in the electronic search. Manual
search was conducted to ensure that all available studies were
included in this meta-analysis, too.
2.2. Selection criteria

Inclusion criteria:
(1)
 relationships between MTs expression and OS in patients
with tumors were assessed using a cohort or a case-control
design;
either MTs protein or mRNAs were detected in tumor tissue;
(2)

(3)
 patients were divided into 2 groups, namely, MTs positive

and MTs negative or MTs high and MTs low, regardless of
the cut-off values;
Cox proportional hazard model and Kaplan-Meier curves
(4)

were used for survival meta-analysis;
full papers were extracted completely.
(5)
2

Exclusion criteria:

(1) in vitro or animal studies;

(2)
 case reports, letters, reviews and conference reports;

(3)
 studies based on overlapping cohorts deriving from the same
center;
sample size<20.
(4)
Definition of MTs expression: negative/low MTs staining was
encoded asMTs negative,MTs expression below the threshold or
grading 0 to 2, and the remained was encoded asMTs high. Only
the latest was extracted in case of the repeated extraction of
papers from the same database.
2.3. Data extraction

All data were extracted and assessed by 2 independent
investigators with predefined forms such as baseline character-
istics and outcomes from each study. Hazard ratios (HRs) and its
variance were retrieved from the original studies directly or
calculated indirectly by a method that dependent on the results
provided in the original studies. Kaplan-Meier curves were read
using Engauge Digitizer version 4.1, which could acquire a
considerably accurate HRs.[26,27] In case of disagreement, a third
investigator intervened for a decision.
2.4. Quality assessment

Cohort studies were assessed by Newcastle-Ottawa Scale
(NOS),[28] and studies with score more than 6 were considered
as high quality.[29]
2.5. Statistical analysis

The systematic review andmeta-analysis were registered at http://
www.researchregistry.com and performed using RevMan Ver-
sion 5.3 and Stata 14. The x2 test and I2 statistics were used to
assess the heterogeneity; P< .05 or I2>50% were considered as
significant heterogeneity.[30] HRs and 95%CIs were used to
evaluate the relationship betweenMTs expression and OS.When
the hypothesis of homogeneity was not rejected, the fixed-effects
model was used to estimate the case with homogeneity, and the
random-effects model was used for the cases with significant
heterogeneity. Publication bias was evaluated by visually
assessing the asymmetry of an inverted funnel plot, and then
was supported quantitatively by Begg and Egger tests.[29,31]
3. Results

3.1. Search results

Initially, 827 reports were identified initially by 2 independent
reviewers. A total of 96 articles remained after skimming through
titles and abstract, and then 55 articles were excluded by
preliminary screening, 8 articles were excluded after duplicate
removal by NoteExpress 3.1, 3 reviews and one meeting abstract
were excluded in form, and 43 articles not on prognosis were also
excluded. After detailed screening, 19 articles were excluded for 2
articles without control cases, 10 articles without sufficient data,
and seven articles with irrelevant outcomes (Fig. 1). Finally, 22
reports were left in this meta-analysis, including one of oral
cavity,[32] 1 of lung,[33] 1 of lymphocyte,[34] 2 of kidney,[35,36] 2 of
bladder,[37,38] 2 of skin,[39,40] 2 of colon,[41,42] 3 of ovary,[43–45] 3
of liver [46–48] and 5 of breast.[49–53] In total, 2843 patients were

http://www.researchregistry.com/
http://www.researchregistry.com/


[32,40,42,48]

Figure 1. Flowchart of the study selection process for meta-analysis.
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enrolled in this meta-analysis, with 1517 cases in the MT
negative/low group and 1326 cases in the MT high group
(Table 1).

3.2. Trial characteristics

The characteristics and quality of the included trials were shown
in Table 1. Follow-up and the tumor feature were also mentioned
in most of these studies (Table 1). All the studies including in this
meta-analysis were nonrandomized studies and assessed by NOS
(Fig. 2). The scores ranged from 7 to 8, indicating that all the
studies were of high quality.

3.3. MTs could be a potential prognostic tumor biomarker
in various kinds of tumors

A total of 19 studies [32–38,40–45,47–52] were enrolled to evaluate
the association between the OS and MTs expression, and the
heterogeneity was significant among the studies (I2=82%,
P< .00001). But, it decreased (I2=28%, P= .15, Fig. 3) when
3

four studies were excluded. Fixed-effect model was
then used, and results showed that expression of MTs was
significantly associated with OS (HR=1.60; 95%CI 1.34∼1.92,
P< .00001, Fig. 3) in tumors.
Subgroup analysis was then used to eliminate the significant

heterogeneity. Tumors derived from the same organ were merged
to calculate a total HR (Table 2). And, only studies about liver
cancer, ovary carcinoma, bladder tumor, intestine cancer, renal
carcinoma, and breast cancer were furtherly analyzed in
subgroup, since there was only 1 study on lung, lymphocyte,
skin, and oral cavity (Fig. 4). Significant heterogeneity was found
in the breast carcinoma (I2=54%, P= .09), but it disappeared
(I2=0%, P= .44, Fig. 4) when one study[49] was excluded.
Results showed that high levels ofMTs expression was associated
with improved OS in liver carcinoma (I2=0%, P= .6; HR=0.65,
95%CI 0.48∼0.89, P= .007, Fig. 4), while it was on the contrary
in the tumor of ovary (I2=0%, P= .77; HR=1.47, 95%CI
1.01∼2.14, P= .04, Fig. 4), bladder (I2=0%, P= .87; HR=1.71,
95%CI 1.21∼2.42, P= .002, Fig. 4), intestine tumor (I2=14%,
P= .28; HR=3.13, 95%CI 1.97∼4.97, P< .00001, Fig. 4),
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Table 1

Characteristics of studies included.

NO.

Study Location
Study
Years

Follow-up
(months)

MT
(low/negetative)

MT
(high)

Carcinoma
location TNM

∗
Grade† Isoform

Outcome
indicators NOS

Siu, 1998 Canada 1984-1993 60 59 53 Bladder � � MTs OS 7
Yamasaki, 2006 London 1989-2002 180 54 69 Bladder 0-IV I-III MTs OS/DFS 8
Goulding, 1995 UK 1977-1979 120 73 26 Breast I-II � MTs OS/DFS 7
Haerslev, 1995 Denmark 1980-1985 120 100 100 Breast � I-III MTs OS 7
Kmiecik, 2015 Poland � 196 32 19 Breast I-IV I-III MT3 OS 7
Somji, 2010 USA � 311 20 159 Breast I-IV � MT3 OS 8
Yap, 2009 Singapore � 48.8 31 11 Breast I-IV I-III MTs RFS 7
Dziegiel, 2003 Poland 1993-1994 72 39 42 Intestine � I-III MTs OS 7
Janssen, 2002 Netherland � 60-156.12 101 54 Intestine I-IV � MTs OS 8
Mitropoulos, 2005 Greece � 2∼144 31 12 Kidney I-IV I-IV MT1/MT2 OS 7
Tüzel, 2001 Turkey 1989-1999 2-103 22 17 Kidney I-IV I-III MTs OS 7
Fu, 2017 China � 120 89 29 Liver I-III I-IV MT1M DFS 8
Kanda, 2009 Japan 1994-2001 17.9–105.9 29 19 Liver � � MT1G OS 7
Park, 2013 Korea 1997-2004 156 62 308 Liver I-III I-IV MT1/MT2 OS/RFS 7
Ma, 2009 China 2000-2005 3-22 42 36 Lung III-IV � MTs OS
Poulsen, 2006 Denmark 1982-2004 60 94 21 Lymphocyte � I-III MT1/MT2 OS 7
Cardoso, 2002 Brazil � 142 45 15 Oral cavity I-IV � MTs OS 7
Hengstler, 2001 Germany 1986-1996 � 76 75 Ovary I-IV I-III MT1/MT2 OS 7
Surowiak, 2005 Poland 1999-2002 52 20 23 Ovary I-III I-III MTs OS 7
Wrigley, 2000 UK � 60 32 26 Ovary I-IV � MTs OS 8
Weinlich, 2003 Austria 1993-1998 72 364 156 Skin � � MT1/MT2 DFS 7
Weinlich, 2007 Austria 1998-2004 72 102 56 Skin � � MTs OS/DFS 7

DFS=disease-free survival, NO.=number, NOS=Newcastle-Ottawa Scale, “-”=not mentioned, OS= overall survival, RFS= recurrence-free survival or relapse-free survival.
∗TNM, T category of the tumor (I, II, III and IV stage),
†Grade, histopathological grade (I, II, III grade and IV in some tumors).
‡ MTs, included all isoforms of metallothionein.
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kidney (I =0%, P= .53; HR=3.31, 95%CI 1.61∼6.79, P= .001,
Fig. 4). However, there was no significant association between
MTs expression and OS in breast cancer (I2=0%, P= .44; HR=
1.02, 95%CI 0.69∼1.51, P= .93, Fig. 4).

3.4. Publication bias

Funnel plot and Begg and Egger tests were used to detect the
publication bias of our meta-analysis. A total of 15 studies
valuating the prognostic value of MTs exhibited a basically
symmetrical funnel plot (Fig. 5A) and yielded a Begg (Fig. 5B) and
Egger (Fig. 5C) test scores of P= .40 and P= .681 (t= -0.42, 95%
CI -1.73∼1.16), respectively.

4. Discussion

MTs are widely expressed in various kinds of tumor cells, and
were reported to be correlated with tumors’ prognosis, such as
carcinoma of liver,[17] ovary,[13] bladder,[9] intestine,[14] kid-
ney,[18] melanoma,[12] oral cavity.[11] In this meta-analysis, MTs
were confirmed to be a potential prognostic biomarker of tumors
(HR=1.60; 95%CI 1.34∼1.92, P< .00001), although there were
significant heterogeneities among various kinds of tumors.
MTs expression varied greatly among tumors. Generally,MTs’

expression in tumor tissues was reported to be positively
correlated with tumor stage, tumor grade, tumor size, metastasis,
and nodal distant, while it was negatively correlated with tumor
stages in kidney and stomach cancer, tumor size in colorectal
cancer, tumor grade in liver cancer.[7] The reasons for the
difference were as follows: the expression of MTs isoforms were
4

different even in the same kind of tumor, which might lead to
various biological changes and different prognosis;[22,54] On the
other hand, there were significant differences among different
kinds of tumors, due to tissue-specific biological characteristics.
MTs could be taken as biomarkers for tumors, but their

correlations varied in different kinds of tumors. In this meta-
analysis, we found that MTs overexpression was positively
associated with prognosis in liver cancer (HR=0.65, P= .007),
which was greatly opposite to others. The mechanisms remained
to be unknown, and we hypothesized that MTs’ overexpression
in HCCmeant a much healthier liver function, leading to a better
prognosis. Since liver was the metabolism site for heavy metals,
such as zinc and copper, which were highly affined to MTs.[55]

Besides that, MTs was reported to have a relationship with the
resistance to chemotherapy,[56] which meant the expression of
MTs would decrease the effect of chemotherapy and lead to a
worse prognostic in gastric and ovary cancers.[44,57]

Biomarkers, such as alpha-fetoprotein (AFP), played an
important role in the diagnosis, treatment and prognosis of
HCC.[58] Hence, the relationship between AFP andMTs deserved
further research. However, the expression of metallothionein
were reported to be uncorrelated with alpha-fetoprotein (AFP)
levels in Mao study (P= .36).[59] Furthermore, AFP was reported
to be uncorrelated with the expression of metallothionein both in
nuclear (P= .258) and cytoplasm (P= .685) in Park study.[48]

And, it was reconfirmed in our current research (P= .054).
However, there were several limitations in this study. Firstly,

the follow-up periods were greatly different from each other.
Secondly, MTs expression was reported to be detected by 2
completely different immunostaining, that is, positive control or



Figure 2. Newcastle-ottawa quality assessment scale of studies included.

Figure 3. Forest plot of the association between metallothionein expression and overall survival of included studies. Not estimable meant that study was ruled out
to avoid heterogeneity.
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Table 2

Analysis of the association between metallothionein expression
and overall survival of different organic tumors.
Carcinoma location Number of studies HR [95% CI] P value

Liver 2 0.65 [0.48, 0.89] .007
Lung 1 0.92 [0.41, 2.06] .85
Breast 4 1.25 [0.88, 1.77] .22
Ovary 3 1.47 [1.01, 2.14] .04
Bladder 2 1.71 [1.21, 2.42] .002
Lymphocyte 1 2.72 [1.40, 5.29] .003
Intestine 2 3.13 [1.97, 4.97] <.00001
Kidney 2 3.31 [1.61, 6.79] .001
Skin 1 5.26 [3.29, 8.42] <.00001
Oral cavity 1 6.30 [3.11, 12.75] <.00001

CI= confidence interval, HR=hazard ratio.

Figure 4. Forest plot of the association between metallothionein expression and o
ruled out to avoid heterogeneity.
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negative control, and the threshold varied from each other,
both of which indicted an inevitable difference among studies
included in this meta-analysis. Thirdly, the expression of MTs
was dramatically higher at night than in the day,[60,61] which
meant unavoidable sampling errors. Fourthly, too few sample
size in some studies [35,36,44,53] might lead a significant statistical
type I error. Fifthly, all the HRs referred in the meta-analysis were
calculated from survival curves, which might be less reliable than
the actual HRs.[29] Finally, publication bias was hardly avoided,
for the journals tend to publish positive results.
Despite these drawbacks above, we could conclude that MTs

could be taken as a potential prognostic tumor biomarker for
tumors, indicating a promising therapeutic target in future
verall survival of different organic tumors. Not estimable meant that study was



Figure 5. Funnel blot and Begg and Egger test exhibited publication bias. (A)
Funnel plot; (B) Begg funnel plot with 95% confidence limits; (C) Egger
publication bias plot.
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clinical application. Interestingly, uniqueness of MTs prognostic
value in liver cancer was explored in this meta-analysis, and
relative work have been conducted in our laboratory, such as
targeting pathway and adverse off-target effects related toMTs in
liver cancer. Only a deep and comprehensive understanding of
MTs and its targeted genes will make the current research come
into reality.
Author contributions

LeiWang, Fuli Xin andNanping Lin conception and design of the
study, acquisition of data, analysis and interpretation of data,
drafting the article; YingchaoWang revising the article; Xiaolong
Liu and Jingfeng Liu critical revision, final approval.
7

The authors declare that they have no competing interests, and all
authors confirm its accuracy.

Conceptualization: Lei Wang.
Investigation: Fuli Xin, Nanping Lin.
Methodology: Lei Wang.
Project administration: Nanping Lin.
Resources: Fuli Xin, Nanping Lin.
Software: Fuli Xin, Nanping Lin.
Supervision: Xiaolong Liu, Jingfeng Liu.
Validation: Yingchao Wang.
Visualization: Lei Wang, Yingchao Wang, Xiaolong Liu.
Writing – original draft: Lei Wang.
Lei Wang orcid: 0000-0001-8975-0489.
References

[1] Thirumoorthy N, Kumar KM, Sundar AS, et al. Metallothionein: an
overview. World J Gastroenterol 2007;13:993–6.

[2] Dziegiel P, Pula B, Kobierzycki C, et al. Metallothioneins in normal and
cancer cells. Adv Anat Embryol Cell Biol 2016;218:1–17.

[3] Zheng Y, Jiang L, Hu Y, et al. Metallothionein 1H (MT1H) functions as
a tumor suppressor in hepatocellular carcinoma through regulatingWnt/
b - catenin signaling pathway. BMC Cancer 2017;17:161.

[4] Krizkova S, Kepinska M, Emri G, et al. Microarray analysis of
metallothioneins in human diseases-A review. J Pharm Biomed Anal
2016;117:464–73.

[5] Takahashi S. Positive and negative regulators of the metallothionein gene
(review). Mol Med Rep 2015;12:795–9.

[6] Zhang J, Sun R, Liu Y, et al. Metallothionein lower under-expression in
benign tumors than that in malignant tumors: Systematic review article
and meta-analysis. Iran J Public Health 2014;43:696–704.

[7] Gumulec J, Raudenska M, Adam V, et al. Metallothionein -
Immunohistochemical cancer biomarker: a meta-analysis. PLoS One
2014;9: e85346.

[8] PedersenMO, Larsen A, StoltenbergM, et al. The role of metallothionein
in oncogenesis and cancer prognosis. Prog Histochem Cytochem 2009;
44:29–64.

[9] Saika T, Tsushima T, Nasu Y, et al. Histopathological study of
metallothionein in bladder cancer and renal cell carcinoma. Jap J Urol
(Nihon Hinyōkika Gakkai Zasshi) 1992;83:636–42.

[10] Shukla VK, Aryya NC, Pitale A, et al. Metallothionein expression in
carcinoma of the gallbladder. Histopathology 2010;33:154–7.

[11] Lee SS, Yang SF, Ho YC, et al. The upregulation of metallothionein-1
expression in areca quid chewing-associated oral squamous cell
carcinomas. Oral Oncol 2008;44:180–6.

[12] Sugita K, Yamamoto O, Asahi M. Immunohistochemical analysis of
metallothionein expression in malignant melanoma in Japanese patients.
Am J Dermatopathol 2001;23:29.

[13] Mccluggage WG, Strand K, Abdulkadir A. Immunohistochemical
localization of metallothionein in benign and malignant epithelial
ovarian tumors. Int J Gynecol Cancer 2002;12:62–5.

[14] Ebert MP, Gã1/4Nther T, Hoffmann J, et al. Expression of metal-
lothionein II in intestinal metaplasia, dysplasia, and gastric cancer.
Cancer Res. 2000; 60:1995-2001.

[15] El Sharkawy SL, Farrag AR. Mean nuclear area and metallothionein
expression in ductal breast tumors: correlation with estrogen receptor
status. Appl Immunohistochem Mol Morphol 2008;16:108–12.

[16] Bruewer M, Schmid K, Senninger N, et al. Metallothionein—An early
marker in the carcinogenesis of ulcerative colitis-associated colorectal
carcinoma. World J Surg 2002;26:726–31.

[17] Ebara M, Fukuda H, Hatano R, et al. Relationship between copper, zinc
and metallothionein in hepatocellular carcinoma and its surrounding
liver parenchyma. J Hepatol 2000;33:415–22.

[18] Ishii K, Usui S, Yamamoto H, et al. Decreases of metallothionein and
aminopeptidase N in renal cancer tissues. J Biochem 2001;129:253–8.

[19] Hua W, Desouki MM, Lin S, et al. Differential expression of
metallothioneins (MTs) 1, 2, and 3 in response to zinc treatment in
human prostate normal and malignant cells and tissues. Mol Cancer
2008;7:7–17.

[20] Schmid KW, Greeff M, Hittmair A, et al. Metallothionein expression in
normal, hyperplastic, and neoplastic thyroid follicular and parafollicular
C cells using monoclonal antimetallothionein antibody E9. Endocr
Pathol 1994;5:114.

http://www.md-journal.com


[21] Juang HH, Chung LC, Sung HC, et al. Metallothionein 3: an androgen- [41] Dziegiel P, Forgacz J, Suder E, et al. Prognostic significance of

Wang et al. Medicine (2018) 97:52 Medicine
upregulated gene enhances cell invasion and tumorigenesis of prostate
carcinoma cells. Prostate 2013;73:1495–506.

[22] Arriaga JM, Levy EM, Bravo AI, et al. Metallothionein expression in
colorectal cancer: relevance of different isoforms for tumor progression
and patient survival. Hum Pathol 2012;43:197–208.

[23] Tsangaris GT, Vamvoukakis J, Politis I, et al. Metallothionein expression
prevents apoptosis. II: Evaluation of the role of metallothionein
expression on the chemotherapy-induced apoptosis during the treatment
of acute leukemia. Anticancer Res 2000;20:4407–11.

[24] Hengstler JG, Pilch H, Schmidt M, et al. Metallothionein expression in
ovarian cancer in relation to histopathological parameters andmolecular
markers of prognosis. Int J Cancer 2015;95:121–7.

[25] Li J, Lu X, ZouX, et al. COX-2 rs5275 and rs689466 polymorphism and
risk of lung cancer: a PRISMA-compliant meta-analysis. BMC Cancer
2016;16:457.

[26] Parmar MK, Torri V, Stewart L. Extracting summary statistics to
perform meta-analyses of the published literature for survival endpoints.
Stat Med 1998;17:2815–34.

[27] Tierney JF, Stewart LA, Ghersi D, et al. Practical methods for
incorporating summary time-to-event data into meta-analysis. Trials
2007;8.

[28] Wells GA, Shea BJ, O’Connell D, et al. The Newcastle–Ottawa Scale
(NOS) for Assessing the Quality of Non-Randomized Studies in Meta-
Analysis. Appl Eng Agricult 2012;18:727–34.

[29] Wang L, Lei Z, Liu X, et al. The hepatectomy efficacy of huge
hepatocellular carcinoma and its risk factors: a meta analysis. Medicine
2017;96: e9226.

[30] Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med 2002;21:1539–58.

[31] Li D, Wei Y, Xu S, et al. A systematic review and meta-analysis of
bidirectional effect of arsenic on ERK signaling pathway. Mol Med Rep
2018;17:4422–32.

[32] Cardoso SV, Barbosa HM, Candellori IM, et al. Prognostic impact of
metallothionein on oral squamous cell carcinoma. Virchows Arch
2002;441:174–8.

[33] MaH, Sun H, Huang F, et al. Expression of ERCC1, Bcl-2, MT and their
clinical significance in advanced non-small-cell lung cancer treated with
cisplatin-based chemotherapy. Lat Am J Pharm 2009;28:827–34.

[34] Poulsen CB, Borup R, Borregaard N, et al. Prognostic significance of
metallothionein in B-cell lymphomas Prognostic significance of metal-
lothionein in B-cell lymphomas. Blood 2013;108:3514–9.

[35] Mitropoulos D, Kyroudi-Voulgari A, Theocharis S, et al. Prognostic
significance of metallothionein expression in renal cell carcinoma. World
J Surg Oncol 2005;3:1–7.

[36] Tuzel E, Kirkali Z, Yorukoglu K, et al. Metallothionein expression in
renal cell carcinoma: subcellular localization and prognostic significance.
J Urol 2001;165:1710–3.

[37] Siu LL, Banerjee D, Khurana RJ, et al. The prognostic role of p53,
metallothionein, P-glycoprotein, andMIB-1 in muscle-invasive urothelial
transitional cell carcinoma. Clin Cancer Res 1998;4:559–65.

[38] Yamasaki Y, Smith C, Weisz D, et al. Metallothionein expression as
prognostic factor for transitional cell carcinoma of bladder. Urology
2006;67:530–5.

[39] Weinlich G, Bitterlich W, Mayr V, et al. Metallothionein-overexpression
as a prognostic factor for progression and survival in melanoma. A
prospective study on 520 patients. Br J Dermatol 2003;149:535–41.

[40] Weinlich G, Topar G, Eisendle K, et al. Comparison of metallothionein-
overexpression with sentinel lymph node biopsy as prognostic factors in
melanoma. J Eur Acad Dermatol Venereol 2007;21:669–77.
8

metallothionein expression in correlation with Ki-67 expression in
adenocarcinomas of large intestine. Histol Histopathol 2003;18:
401–7.

[42] Janssen AML, van DuijnW, Kubben FJGM, et al. Prognostic significance
of metallothionein in human gastrointestinal cancer. Clin Cancer Res
2002;8:1889–96.

[43] Hengstler JG, Pilch H, Schmidt M, et al. Metallothionein expression in
ovarian cancer in relation to histopathological parameters and molecular
markers of prognosis. Int J Cancer 2001;95:121–7.

[44] Surowiak P, Materna V, Kaplenko I, et al. Augmented expression of
metallothionein and glutathione S-transferase pi as unfavourable
prognostic factors in cisplatin-treated ovarian cancer patients. Virchows
Archiv 2005;447:626–33.

[45] Wrigley E, Verspaget HW, Jayson GC, et al. Metallothionein expression
in epithelial ovarian cancer: effect of chemotherapy and prognostic
significance. J Cancer Res Clin Oncol 2000;126:717–21.

[46] Fu C-L, Pan B, Pan J-H, et al. Metallothionein 1M suppresses
tumorigenesis in hepatocellular carcinoma.Oncotarget 2017;8:33037–46.

[47] KandaM, Nomoto S, Okamura Y, et al. Detection of metallothionein 1G
as a methylated tumor suppressor gene in human hepatocellular
carcinoma using a novel method of double combination array analysis.
Int J Oncol 2009;35:477–83.

[48] Park Y, Yu E. Expression of metallothionein-1 and metallothionein-2 as
a prognostic marker in hepatocellular carcinoma. J Gastroenterol
Hepatol (Australia) 2013;28:1565–72.

[49] Goulding H, Jasani B, Pereira H, et al. Metallothionein expression in
human breast cancer. Br J Cancer 1995;72:968–72.

[50] Haerslev T, Jacobsen GK, Zedeler K. The prognostic significance of
immunohistochemically detectable metallothionein in primary breast
carcinomas. APMIS 1995;103:279–85.

[51] Kmiecik AM, Pula B, Suchanski J, et al. Metallothionein-3 increases
triple-negative breast cancer cell invasiveness via induction of metal-
loproteinase expression. PLoS One 2015;10:1–25.

[52] Somji S, Garrett SH, Zhou XD, et al. Absence of metallothionein 3
expression in breast cancer is a rare but favorable marker that is under
epigenetic control. Toxicol Environ Chem 2010;92:1673–95.

[53] Yap X, Tan H-Y, Huang J, et al. Over-expression of metallothionein
predicts chemoresistance in breast cancer. J Pathol 2009;217:563–70.

[54] Werynska B, Pula B, Muszczynska-Bernhard B, et al. Metallothionein 1F
and 2A overexpression predicts poor outcome of non-small cell lung
cancer patients. Exp Mol Pathol 2013;94:301–8.

[55] Kondo Y, Woo ES, Lazo JS, et al. Metallothionein null cells have
increased sensitivity to anticancer drugs. Cancer Res 1995;55:2021–3.

[56] PedersenMØ, Larsen A, StoltenbergM, et al. The role of metallothionein
in oncogenesis and cancer prognosis. Prog Histochem Cytochem
2010;44:29–64.

[57] Sun X, Niu X, Chen R, et al. Metallothionein-1G facilitates sorafenib
resistance through inhibition of ferroptosis. Hepatology 2016;64:
488–500.

[58] National Comprehensive Cancer Network, Inc. NCCN clinical practice
guidelines in oncology (NCCN Guidelines®) hepatobiliary cancers
Version 1.2018

[59] Mao J, Yu H, Wang C, et al. Metallothionein MT1M is a tumor
suppressor of human hepatocellular carcinomas. Carcinogenesis
2012;33:2568–77.

[60] Xu YQ, Zhang D, Jin T, et al. Diurnal variation of hepatic antioxidant
gene expression in mice. PLoS One 2012;7: e44237.

[61] Zhang D, Jin T, Xu Yq , et al. Diurnal-and sex-related difference of
metallothionein expression in mice. J Circadian Rhythms 2012;10:5.


	Metallothioneins may be a potential prognostic biomarker for tumors
	1 Introduction
	2 Methods
	2.1 Literature search
	2.2 Selection criteria
	2.3 Data extraction
	2.4 Quality assessment
	2.5 Statistical analysis

	3 Results
	3.1 Search results
	3.2 Trial characteristics
	3.3 MTs could be a potential prognostic tumor biomarker in various kinds of tumors
	3.4 Publication bias

	4 Discussion
	Author contributions
	References


