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Abstract

Background
Many cancer researchers have investigated the prognostic signi�cance of LASP1 for survival of patients with various types of cancer.
Nevertheless, the role LASP1 palyed in cancer prognosis remains unknown. In consequence, we carried out this study in order to comprehensively
analyze the prognostic value of LASP1 in cancer patients.

Methods
A systematical research was conducted in electronic databases, such as PubMed, Embase and Web of Science. Eighteen studies meeting the
inclusion criteria were enrolled. Overall survival (OS), recurrence-free survival (RFS) and various clinicopathological parameters were used as the
endpoints in this study.

Results
A total of 2023 cancer patients from eighteen studies were �nally enrolled into our meta-analysis. The results revealed that the cancer patients
with high expression of LASP1 exhibited shorter OS (HR = 2.04, 95%CI = 1.77–2.34, P < 0.01) and RFS (HR = 2.11, 95%CI = 1.51–2.95, P < 0.01)
than those with low expression of LASP1, and patients whose tumors expressed high LASP1 had shorter OS in lung cancer (HR = 2.20, 95%CI = 
1.45–3.36, P < 0.01) and gastric cancer (HR = 1.64, 95%CI = 1.14–2.36, P < 0.01) respectively. Furthermore, the cancer patients whose tumors
expressed high LASP1 were apparently associated with advanced TNM stage (OR = 2.92, 2.27–3.76, P < 0.01), earlier lymph node metastasis (OR 
= 2.69, 1.62–4.45, P < 0.01), advanced T classi�cation (OR = 2.17, 1.48–3.18, P < 0.01) and earlier distant metastasis (OR = 2.56, 1.03–6.35, P = 
0.04) when compared to those whose tumors expressed low LASP1.

Conclusions
Our study showed that the high LASP1 expression might be an undesirable predictor for patients with various types of cancers in the aspect of
OS, RFS, TNM stage, lymph node metastasis, T classi�cation and distant metastasis, and the high LASP1 expression might be an undesirable
predictor for lung cancer patients and gastric cancer patients. Therefore, the expression of LASP1 might be utilized as a novel indicator in judging
the prognosis of cancer patients, especially in lung cancer and gastric cancer.

Background
Carcinoma is currently one of the primary causes of death in humans. In 2020, there might be 1,806,590 new cancer cases and 606,520 cancer
deaths in the United States [1]. Treatment of cancer patients will certainly increase the �nancial burden on families and society. With the
continuous innovation of medical technology, the level of diagnosis and treatment for cancer patients has been improved signi�cantly, but the
long-term prognosis of various cancer patients is still not optimistic [2]. Therefore, it is of great importance to �nd appropriate biomarkers that
can predict the prognosis of cancer patients.

MLN50 gene was �rstly identi�ed in a cDNA library of metastatic lymph nodes from breast carcinoma [3]. MLN encodes a protein which contains
an N-terminal LIM domain, followed by two actin-binding sites and a C-terminal SRC homology SH3 domain [4]. Therefore MLN50 was also
known as LIM and SH3 domain protein 1 (LASP1). Due to the particularity of the LASP1 structure, it played a crucial role in wound healing,
in�ammation, angiogenesis, and atherosclerosis [5]. Furthermore, majority of studies have demonstrated that LASP1 performed important roles
in regulation of proliferation, apoptosis, invasion and metastasis of cancer [6–8]. The prognostic signi�cance of LASP1 in patients with different
types of cancer has been investigated by many cancer researchers. Nevertheless, these studies reported inconsistent results [9–11]. For instance,
a study that enrolled 91 pancreatic cancer patients indicated there was signi�cant correlation between LASP1 expression and lymph node
metastasis of cancer (P = 0.001) [11]. Grunewald et al [10] observed similar result by analyzing 83 breast carcinoma patients (P = 0.007).
However, no signi�cant correlation between LASP1 expression and lymph node metastasis was found in breast cancer (P = 0.2) [9]. Now that the
prognostic value of LASP1 in cancer patients remains unclear, this study was conducted to analyze the clinicopathological signi�cance and
prognostic value of LASP1 in patients suffering from various cancers.

Method
This study was conducted based on the preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement [12].
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Literature search
PubMed, Embase, and Web of Science were thoroughly searched to identify relevant English articles published up to January 03, 2021. The
following terms were used in the comprehensive search strategies: “LASP1 or LIM and SH3 domain protein 1” and “carcinoma or cancer or tumor
or neoplasm”, with language restricted in English. Manual search was carefully performed on the references of retrieved articles to search other
relevant articles.

Inclusion and exclusion criteria
The following was the eligible criteria: (1) cohort studies were conducted in cancer patients and the diagnosis of cancer was con�rmed by
histopathology; (2) studies in which the prognostic value of LASP1 in cancer patients was focused on; (3) studies in which the overall survival
(OS), recurrence-free survival (RFS) or other clinicopathological parameters was or were reported; (4) studies with su�cient data. The following
was the exclusion criteria: (1) duplicate studies, review, abstract or letters; (2) basic research or animal studies; (3) Non-English studies or studies
with insu�cient data.

Data extraction and quality evaluation
Two authors independently extracted relevant data from original studies. The following information was extracted from the eligible studies: �rst
author’s name, year of publication, country where the study was carried out, type of cancer, number of patients, detection methods, cut-off value
for LASP1 overexpression, prognostic parameters (e.g., OS or RFS), clinicopathological parameters (e.g., age, gender, TNM stage, histological
grade, lymph node metastasis, tumor size, T classi�cation, distant metastasis). Several of the eligible studies provided the HR and its
corresponding 95% con�dence interval (CI), so we extracted this information from original studies directly. Other studies did not directly report
such information, so we calculated it from a Kaplan–Meier survival curve using Engauge Digitizer version 5.3 [13]. In addition, we used the
Newcastle-Ottawa Scale (NOS) to assess the methodological quality of included studies [14].

Statistical analysis
The statistical analysis was performed using Review Manager 5.3 (Cochrane Collaboration, London, UK) and Stata15.0 software. HRs and its
95% CIs were calculated to assess the prognostic signi�cance of LASP1 expression in cancer patients. ORs and its 95% CIs were calculated to
assess the association between LASP1 expression and clinicopathological parameters. The heterogeneity among studies was assessed using
the I2 statistic. When the statistic of I2 was greater than 50%, we considered that the heterogeneity among the included studies was statistically
signi�cant, and a random-effect model was used to pool the data under this condition. Otherwise, a �xed-effect model was selected to pool the
data. We used Begg’s and Egger’s tests to assess publication bias, and sensitivity analysis was used to assess the stability of results. A two-tailed
p value < 0.05 was considered statistically signi�cant.

Results

Literature search
As shown in Fig. 1, a total of 534 articles were initially retrieved through the search strategy mentioned above. After excluding duplicate
publications, a number of 180 articles left. By screening of title and abstract on the 180 articles, 4 review and 3 abstracts were excluded.
According to the inclusion and exclusion criterion, 18 articles were �nally included.

Study characteristics
A total of 2023 cancer patients from 18 included studies concerning LASP1 were included in this study [9–11, 15–29]. The sample size in these
studies ranged from 32 to 216. The publication year of LASP1 ranged from 2007 to 2020. The level of LASP1 expression in 17studies was
detected by IHC, and one study reported the level of LASP1 expression detected by quantitative real-time PCR (qRT-PCR). The included studies
were performed in Asia, Europe and North America, and majority of these studies were conducted in China. Among the 18 eligible studies, 16
studies reported OS [9, 11, 15–27, 29], 2 studies reported RFS [20, 28], and 13 studies reported clinicopathological parameters [9–11, 15–20, 22,
23, 27, 29]. The included articles varied in their detection regions of LASP1 expression and the cut-off value for LASP1 positive, which might have
an effect on the positive rate of LASP1 overexpression. The quality score in 17studies differs from 6 to 9 based on the NOS. One study only
reported Kaplan-Meier survival analysis of 149 glioblastoma patients from TCGA, so we can’t evaluate the quality of this study. The baseline
characteristics of eligible studies are listed in Table 1.
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Table 1
Characteristics of studies included in the meta-analysis

Reference First auther year country Type of cancer Number
of
patients

method Cut-
off

LASP1
positve (%)

outcome NOS

11 Zhao et al 2015 China pancreatic cancer 91 IHC >=4 58/91(64%) OS 9

15 Zhang et al 2017 China non-small-cell lung
cancer

109 IHC >=4 55/109(50%) OS 9

16 Gao et al 2018 China nasopharyngeal
carcinoma

210 IHC >=4 92/210(44%) OS 9

17 Li et al 2016 China gallbladder cancer 81 IHC >=3 37/81(64%) OS 6

18 Zheng et al 2014 China gastric cancer 126 IHC >=4 72/126(46%) OS 9

19 Zheng et al 2016 China non-small cell lung
cancer

132 IHC >=4 81/132(61%) OS 9

20 Yang et al 2014 China clear cell renal cell
cancer

216 IHC > 
10%

92/216(43%) OS/RFS 8

21 Zhong et al 2018 China glioblastoma 149 NR NR 75/149(50%) OS -

22 Wang et al 2013 China hepatocellular
carcinoma

144 IHC >=2 84/144(58%) OS 9

23 Li et al 2017 China gastric cancer 84 qRT-
PCR

NR 39/84(46%) OS 9

9 Frietsch et al 2010 Germany breast cancer 177 IHC > 
10%

56/177(32%) OS 6

10 Grunewald et
al

2007 Germany breast carcinoma 83 IHC > 5 46/83(55%) - 7

24 Zhao et al 2010 China colorectal cancer 126 IHC >=2 41/126(33%) OS 7

25 Fahrmann et
al

2016 USA lung
adenocarcinoma

32 IHC NR NR OS 6

26 Sato et al 2017 Japan bladder cancer 48 IHC > 
50%

33/48(69%) OS 7

27 Traenka et al 2010 Germany medulloblastoma 207 IHC NR 107/207(52%) OS 9

28 Subramaniyan
et al

2020 USA triple-negative
breast cancer

112 NR NR NR RFS 7

29 Zhang et al 2016 China cholangiocarcinoma 40 IHC >=3 22/40(55%) OS 8

Notes: NR: not reported

Relationship between LASP1 expression and OS
Sixteen studies containing 2072 patients with various types of cancer were utilized to calculate a pooled HR and its 95% CI for OS. As shown in
Fig. 2, because of no heterogeneity (I2 = 0%), a �xed-effect model was utilized. The result indicated that patients whose tumors expressed high
LASP1 exhibited a poorer OS than those whose tumors expressed low LASP1 (HR = 2.04, 95%CI = 1.77–2.34, P < 0.01). The sensitivity analysis
was performed to con�rm the robustness of this result (Fig. 3A). Begg’s funnel plot analysis showed an asymmetrical distribution (Fig. 3B), and
Egger’s test indicated that there was obvious publication bias in OS (P < 0.05). Tow studies reported OS of lung cancer, and the result showed that
lung cancer patients whose tumors expressed high LASP1 exhibited a poorer OS than those whose tumors expressed low LASP1 (HR = 2.20,
95%CI = 1.45–3.36, P < 0.01, Fig. 4A). Similarly, Tow studies reported OS of gastric cancer, and the result revealed that gastric cancer patients
whose tumors expressed high LASP1 exhibited a poorer OS than those whose tumors expressed low LASP1 (HR = 1.64, 95%CI = 1.14–2.36, P < 
0.01, Fig. 4B). The sensitivity analysis was not performed and publication bias was not assessed because of small sample size.

Relationship between LASP1 expression and RFS
Tow studies containing 328 cancer patients were utilized to calculate a pooled HR and its 95% CI for RFS. As shown in Fig. 4C, because of no
heterogeneity (I2 = 0%), a �xed-effect model was utilized. The result indicated that when compared to the cancer patients with low LASP1
expression, those with high LASP1 expression had signi�cantly poorer RFS (HR = 2.11, 95%CI = 1.51–2.95, P < 0.01). The sensitivity analysis was
not performed and publication bias was not assessed because of same reason previously mentioned.
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Association of LASP1 expression with clinicopathological parameters
Thirteen literatures were enrolled into the meta-analysis for clinicopathological parameters. As shown in Table 2, high LASP1 expression was
signi�cantly correlated with advanced TNM stage (P < 0.01, Fig.S1), earlier lymph node metastasis (P < 0.01, Fig.S2), advanced T classi�cation (P 
< 0.01, Fig.S3), and earlier distant metastasis (P = 0.04, Fig.S4). However, the expression of LASP1 had no connection with age (P = 0.70, Fig.S5),
gender (P = 0.89, Fig.S6), tumor size (P = 0.05, Fig.S7), and histological grade (P = 0.58, Fig.S8).

Table 2
The meta-analysis of clinicopathological parameters

Clinicopathological parameter Included studies OR(95% CI) P I2 Model

TNM stage ( /  versus / ) 9 2.92(2.27–3.76) < 0.01 28% Fixed

Lymph node metastasis (yes versus no) 9 2.69(1.62–4.45) < 0.01 68% Random

T classi�cation (T3-T4 versus T1-T2) 4 2.17(1.48–3.18) < 0.01 29% Fixed

Distant metastasis (yes versus no) 4 2.56(1.03–6.35) 0.04 60% Random

Age (old versus young) 9 1.05(0.83–1.32) 0.70 0 Fixed

Gender (male versus female) 10 1.02(0.81–1.28) 0.89 17% Fixed

Tumor size (large versus small) 7 1.97(1.01–3.86) 0.05 79% Random

Histological grade (well/moderate versus poor) 9 1.17(0.67–2.05) 0.58 71% Random

Discussion
In recent years, LASP1 has been widely concerned by researchers due to its important role in tumorigenesis. Some publications have reported the
prognostic signi�cance of LASP1 in cancer patients, but controversial results were found in terms of disease parameters such as lymph node
metastasis of cancer. To explore the prognostic signi�cance of LASP1 expression in cancer patients, this study was carried out.

To the best of our knowledge, this is the �rst meta-analysis to focus on the prognostic value and clinicopathological signi�cance of LASP1
expression in cancer patients. Survival data of 1,940 cancer patients from 17 eligible studies were systematically analyzed. We found that LASP1
overexpression was a signi�cant prognostic factor for poor OS and RFS of solid tumors. Tow studies on lung cancer reported the association
between LASP1 expression and OS. To explore the association between LASP1 expression and prognosis of lung cancer patients, we conducted
the meta-analysis of OS in lung cancer patients. Our result showed that lung cancer patients whose tumors expressed high LASP1 had a poor
prognosis. Similar result was obtained in gastric cancer patients. Furthermore, our meta-analysis found that the high LASP1 expression was
obviously associated more advanced TNM stage and T classi�cation, earlier lymph node metastasis and distant metastasis. The
aforementioned �ndings highlighted that the overexpression of LASP1 was potentially utilized to predict poor prognosis in patients with various
types of cancer, especially in lung cancer and gastric cancer.

Plenty of studies have reported that the abnormal expression of certain proteins played an important role in the occurrence and development of
tumors [30–32]. The relationship between LASP1 expression and the prognosis of human cancers has been explored by many cancer
researchers, however the mechanisms underlying the role of LASP1 remain indistinct. A study reported that LASP1 expression was higher in
colorectal cancer (CRC) tissue of advanced stages, and the overexpression of LASP1 promoted proliferation, migration and tumorigenesis of CRC
cell through Hippo signaling and Nanog mediated EMT [33]. In addition, other researchers demonstrated that LASP1 played an important role in
viability and migration of bladder cancer cell by regulating microRNAs [34]. Nishikawa et al found that miRNA-218, a tumor-suppressive
microRNA, inhibited prostate cancer cell migration and invasion by interacting with LASP1 [35]. Similarly, Li et al found that miRNA-133b inhibited
proliferation, invasion and migration via regulating LASP1 in hepatocarcinoma cells [36]. So far, the mechanisms underlying the prognostic
signi�cance of LASP1 in cancers have been investigated by a few researchers. Hence, the prognostic value of LASP1 in cancers should be
investigated by conducting more basic researches.

Of course, there are several limitations in this meta-analysis. Firstly, the cutoff value used to determine LASP1 positivity varied among the studies
included in our meta-analysis. Secondly, the HR and its 95% CI of OS in certain studies were indirectly calculated from survival curve, which could
in�uence the result. However, many similar studies utilized this method [37, 38]. Thirdly, our meta-analysis was limited to studies published in
English. Last but not least, all the included studies were cohort in design, which maybe compromise the validity of this study.

Conclusions
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In conclusion, our study showed that the high LASP1 expression might be an undesirable predictor for patients with various types of cancers in
the aspect of OS, RFS, TNM stage, lymph node metastasis, T classi�cation and distant metastasis, and the high LASP1 expression might be an
undesirable predictor for lung cancer patients and gastric cancer patients. Therefore, the expression of LASP1 might be utilized as a novel
indicator in judging the prognosis of cancer patients, especially in lung cancer and gastric cancer. More multi-center clinical investigations should
be conducted to certify our �ndings.

Abbreviations
LASP1
LIM and SH3 domain protein 1; OS:overall survival; RFS:recurrence-free survival; CI:Con�dence interval; NOS:Newcastle-Ottawa Scale;
TNM:Tumor, Lymph Node, Metastasis

Declarations
Acknowledgments

We would sincerely like to thank all researchers for their contributions.

Authors' contributions

JL: formal analysis and writing original draft; YZ: and HM: formal analysis; YL and FH: data acquisition; XL: software; JW: methodology; ZH:
supervision; YH: writing review & editing.

Funding

Not applicable.

Availability of data and materials

The datasets used during this study are available from the corresponding author on reasonable request.

Ethics approval and consent to participate

The present meta‐analysis does not contain any studies with human participants performed by any of the authors. Therefore, no ethical approval
is required.

Consent for publication

Not applicable.

Competing interests

The author reports no con�icts of interest in this work.

References
1. Siegel RL, Miller KD, Jemal A: Cancer statistics, 2020. CA: a cancer journal for clinicians 2020, 70(1):7–30.

2. Ellis L, Woods LM, Estève J, Eloranta S, Coleman MP, Rachet B: Cancer incidence, survival and mortality: explaining the concepts.
International journal of cancer 2014, 135(8):1774–1782.

3. Tomasetto C, Régnier C, Moog-Lutz C, Mattei MG, Chenard MP, Lidereau R, Basset P, Rio MC: Identi�cation of four novel human genes
ampli�ed and overexpressed in breast carcinoma and localized to the q11-q21.3 region of chromosome 17. Genomics 1995, 28(3):367–376.

4. Chew CS, Chen X, Parente JA, Jr., Tarrer S, Okamoto C, Qin HY: Lasp-1 binds to non-muscle F-actin in vitro and is localized within multiple
sites of dynamic actin assembly in vivo. Journal of cell science 2002, 115(Pt 24):4787–4799.

5. Orth MF, Cazes A, Butt E, Grunewald TG: An update on the LIM and SH3 domain protein 1 (LASP1): a versatile structural, signaling, and
biomarker protein. Oncotarget 2015, 6(1):26–42.

�. Raman D, Sai J, Neel NF, Chew CS, Richmond A: LIM and SH3 protein-1 modulates CXCR2-mediated cell migration. PloS one 2010,
5(4):e10050.

7. Sun W, Guo L, Shao G, Liu X, Guan Y, Su L, Zhao S: Suppression of LASP-1 attenuates the carcinogenesis of prostatic cancer cell lines: Key
role of the NF-κB pathway. Oncology reports 2017, 37(1):341–347.



Page 7/10

�. Wang B, Feng P, Xiao Z, Ren EC: LIM and SH3 protein 1 (Lasp1) is a novel p53 transcriptional target involved in hepatocellular carcinoma.
Journal of hepatology 2009, 50(3):528–537.

9. Frietsch JJ, Grunewald TG, Jasper S, Kammerer U, Herterich S, Kapp M, Honig A, Butt E: Nuclear localisation of LASP-1 correlates with poor
long-term survival in female breast cancer. British journal of cancer 2010, 102(11):1645–1653.

10. Grunewald TG, Kammerer U, Kapp M, Eck M, Dietl J, Butt E, Honig A: Nuclear localization and cytosolic overexpression of LASP-1 correlates
with tumor size and nodal-positivity of human breast carcinoma. BMC Cancer 2007, 7:198.

11. Zhao T, Ren H, Li J, Chen J, Zhang H, Xin W, Sun Y, Sun L, Yang Y, Sun J et al: LASP1 is a HIF1α target gene critical for metastasis of
pancreatic cancer. Cancer research 2015, 75(1):111–119.

12. Moher D, Liberati A, Tetzlaff J, Altman DG: Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. BMJ
(Clinical research ed) 2009, 339:b2535.

13. Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR: Practical methods for incorporating summary time-to-event data into meta-analysis.
Trials 2007, 8:16.

14. Stang A: Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-analyses.
European journal of epidemiology 2010, 25(9):603–605.

15. Zhang X, Liu Y, Fan C, Wang L, Li A, Zhou H, Cai L, Miao Y, Li Q, Qiu X et al: Lasp1 promotes malignant phenotype of non-small-cell lung
cancer via inducing phosphorylation of FAK-AKT pathway. Oncotarget 2017, 8(43):75102–75113.

1�. Gao Q, Tang L, Wu L, Li K, Wang H, Li W, Wu J, Li M, Wang S, Zhao L: LASP1 promotes nasopharyngeal carcinoma progression through
negatively regulation of the tumor suppressor PTEN. Cell Death Dis 2018, 9(3):393.

17. Li Z, Chen Y, Wang X, Zhang H, Zhang Y, Gao Y, Weng M, Wang L, Liang H, Li M et al: LASP-1 induces proliferation, metastasis and cell cycle
arrest at the G2/M phase in gallbladder cancer by down-regulating S100P via the PI3K/AKT pathway. Cancer letters 2016, 372(2):239–250.

1�. Zheng J, Yu S, Qiao Y, Zhang H, Liang S, Wang H, Liu Y, Zhou F, Jiang J, Lu S: LASP-1 promotes tumor proliferation and metastasis and is an
independent unfavorable prognostic factor in gastric cancer. Journal of cancer research and clinical oncology 2014, 140(11):1891–1899.

19. Zheng J, Wang F, Lu S, Wang X: LASP-1, regulated by miR-203, promotes tumor proliferation and aggressiveness in human non-small cell
lung cancer. Experimental and molecular pathology 2016, 100(1):116–124.

20. Yang F, Zhou X, Du S, Zhao Y, Ren W, Deng Q, Wang F, Yuan J: LIM and SH3 domain protein 1 (LASP-1) overexpression was associated with
aggressive phenotype and poor prognosis in clear cell renal cell cancer. PloS one 2014, 9(6):e100557.

21. Zhong C, Chen Y, Tao B, Peng L, Peng T, Yang X, Xia X, Chen L: LIM and SH3 protein 1 regulates cell growth and chemosensitivity of human
glioblastoma via the PI3K/AKT pathway. BMC Cancer 2018, 18(1):722.

22. Wang H, Li W, Jin X, Cui S, Zhao L: LIM and SH3 protein 1, a promoter of cell proliferation and migration, is a novel independent prognostic
indicator in hepatocellular carcinoma. European journal of cancer (Oxford, England: 1990) 2013, 49(4):974–983.

23. Li H, Liu G, Pan K, Miao X, Xie Y: Methylation-induced downregulation and tumor suppressive role of microRNA-29b in gastric cancer through
targeting LASP1. Oncotarget 2017, 8(56):95880–95895.

24. Zhao L, Wang H, Liu C, Liu Y, Wang X, Wang S, Sun X, Li J, Deng Y, Jiang Y et al: Promotion of colorectal cancer growth and metastasis by
the LIM and SH3 domain protein 1. Gut 2010, 59(9):1226–1235.

25. Fahrmann JF, Grapov D, Phinney BS, Stroble C, DeFelice BC, Rom W, Gandara DR, Zhang Y, Fiehn O, Pass H et al: Proteomic pro�ling of lung
adenocarcinoma indicates heightened DNA repair, antioxidant mechanisms and identi�es LASP1 as a potential negative predictor of
survival. Clinical proteomics 2016, 13:31.

2�. Sato M, Yoneyama MS, Hatakeyama S, Funyu T, Suzuki T, Ohyama C, Tsuboi S: The role of LIM and SH3 protein-1 in bladder cancer
metastasis. Oncology letters 2017, 14(4):4829–4834.

27. Traenka C, Remke M, Korshunov A, Bender S, Hielscher T, Northcott PA, Witt H, Ryzhova M, Felsberg J, Benner A et al: Role of LIM and SH3
protein 1 (LASP1) in the metastatic dissemination of medulloblastoma. Cancer research 2010, 70(20):8003–8014.

2�. Subramaniyan B, Sridharan S, C MH, A MCT, Basuroy T, de la Serna I, Butt E, Raman D: Role of the CXCR4-LASP1 Axis in the Stabilization of
Snail1 in Triple-Negative Breast Cancer. Cancers 2020, 12(9).

29. Zhang H, Li Z, Chu B, Zhang F, Zhang Y, Ke F, Chen Y, Xu Y, Liu S, Zhao S et al: Upregulated LASP-1 correlates with a malignant phenotype
and its potential therapeutic role in human cholangiocarcinoma. Tumour biology: the journal of the International Society for
Oncodevelopmental Biology and Medicine 2016, 37(6):8305–8315.

30. Mahmud I, Liao D: DAXX in cancer: phenomena, processes, mechanisms and regulation. Nucleic acids research 2019, 47(15):7734–7752.

31. Zhu W, Zhou B, Zhao C, Ba Z, Xu H, Yan X, Liu W, Zhu B, Wang L, Ren C: Myoferlin, a multifunctional protein in normal cells, has novel and
key roles in various cancers. Journal of cellular and molecular medicine 2019, 23(11):7180–7189.

32. Soo�yani SR, Hejazi MS, Baradaran B: The role of CIP2A in cancer: A review and update. Biomedicine & pharmacotherapy = Biomedecine &
pharmacotherapie 2017, 96:626–633.



Page 8/10

33. Chen N, Han X, Bai X, Yin B, Wang Y: LASP1 induces colorectal cancer proliferation and invasiveness through Hippo signaling and Nanog
mediated EMT. Am J Transl Res 2020, 12(10):6490–6500.

34. Chiyomaru T, Enokida H, Kawakami K, Tatarano S, Uchida Y, Kawahara K, Nishiyama K, Seki N, Nakagawa M: Functional role of LASP1 in cell
viability and its regulation by microRNAs in bladder cancer. Urologic oncology 2012, 30(4):434–443.

35. Nishikawa R, Goto Y, Sakamoto S, Chiyomaru T, Enokida H, Kojima S, Kinoshita T, Yamamoto N, Nakagawa M, Naya Y et al: Tumor-
suppressive microRNA-218 inhibits cancer cell migration and invasion via targeting of LASP1 in prostate cancer. Cancer science 2014,
105(7):802–811.

3�. Li H, Xiang Z, Liu Y, Xu B, Tang J: MicroRNA-133b Inhibits Proliferation, Cellular Migration, and Invasion via Targeting LASP1 in
Hepatocarcinoma Cells. Oncology research 2017, 25(8):1269–1282.

37. Wu P, Wu D, Li L, Chai Y, Huang J: PD-L1 and Survival in Solid Tumors: A Meta-Analysis. PloS one 2015, 10(6):e0131403.

3�. Huang ZL, Liu S, Wang GN, Zheng SH, Ding SR, Tao YL, Chen C, Liu SR, Yang X, Chang H et al: The prognostic signi�cance of PD-L1 and PD-
1 expression in patients with nasopharyngeal carcinoma: a systematic review and meta-analysis. Cancer cell international 2019, 19:141.

Supplementary Figure Legends
Fig.S1. Forest plot for the association between LASP1 expression and TNM stage

Fig.S2. Forest plot for the association between LASP1 expression and lymph node metastasis

Fig.S3. Forest plot for the association between LASP1 expression and T classi�cation

Fig.S4. Forest plot for the association between LASP1 expression and distant metastasis

Fig.S5. Forest plot for the association between LASP1 expression and age

Fig.S6. Forest plot for the association between LASP1 expression and gender

Fig.S7. Forest plot for the association between LASP1 expression and tumor size

Fig.S8. Forest plot for the association between LASP1 expression and histological grade
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Figure 1

Flow diagram of study selection
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Figure 2

Forest plot for the association between LASP1 expression and OS in various cancer patients

Figure 3

Sensitivity analysis of studies evaluating the relationship between LASP1 expression and OS in various cancer patients (A) and Begg’s funnel
plot to evaluate the publication bias of LASP1 expression and OS in various cancer patients (B)
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Figure 4

Forest plot for the association between LASP1 expression and OS in lung cancer patients (A), forest plot for the association between LASP1
expression and OS in gastric cancer patients (B) and forest plot for the association between LASP1 expression and RFS in different cancer
patients (C)
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