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Abstract
Background & aims: At present, increasing reports have shown that latent transforming growth factor-b-binding protein 2
(LTBP2) was associated with the prognosis of many types of cancer. We performed rounded analysis to comprehensively analyze
and evaluate the prognostic significance of LTBP2 for patients with malignant tumors.

Methods: We identified relevant studies by searching database including PubMed, Embase, Cochrane Library, and Web of
Science. The odds ratio with its 95% confidence interval (CI) was used to assess the correlation between LTBP2 and
clinicopathologic features or overall survival of patients with cancer. Hazard ratio with its 95%CI was used to explore the prognostic
risk factors. The analysis was performed and assessed using Review Manager 5.2.

Results: A total of 11 studies including 2322 participants were included in this systematic review. Pooled results showed that
malignant tissues experienced higher incidence of high LTBP2 expression when compared with adjacent or normal tissues.
Patients with high LTBP2 expression experienced significantly lower 1-year, 2-year, 3-year, and 4-year overall survival rate, with the
pooled odds ratios being 0.26 (95% CI 0.13–0.53; P= .0002), 0.27 (95% CI 0.14–0.50; P< .0001), 0.26 (95% CI 0.13–0.53;
P= .0002), and 0.21 (95% CI 0.06–0.73; P= .01) respectively. Univariate analysis showed high LTBP2 expression, tumor node
metastasis stage, T stage, and N stage were prognostic factors of patients with tumors. Multivariate analysis indicated high LTBP2
expression was an independent prognostic factor.

Conclusions: The present analysis suggested that LTBP2 may have significant association with survival of patients with cancer.
High LTBP2 expression was an independent prognostic factor and indicated poor survival.

Abbreviations: CI = confidence interval, ECM = extracellular matrix, HR = hazard ratio, LTBP2 = latent transforming growth
factor-b-binding protein 2, NOS=Newcastle-Ottawa Scale, OR= odds ratio, OS= overall survival, TNM= tumor nodemetastasis.
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1. Introduction
It is well known that the prognosis of patients with malignant
tumors depends on the recurrence and metastasis of tumors. In
addition, it has become increasingly clear that tumor microen-
vironment related to the recurrence of tumor closely. Extracel-
lular matrix (ECM) is an essential component of the stromal
microenvironment, which provides structural support and
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biochemical and physical signals for normal cell function
maintenance.[1–3]

Recently, latent transforming growth factor-b-binding protein
2 (LTBP2) which was defined as an ECM protein encoded by the
fibrillin/LTBP ECM glycoprotein family, has been reported to be
associated with the prognosis of patients with many tumors.
Accumulating evidence has strongly implied that LTBP2 was
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involved in ECM formation and played an important role in cell
adhesion and elastic fiber aggregation.[4] In recent years,
abundant studies regarded the underlying roles of LTBP2 in
various tumors. For example, Han et al,[5] found that LTBP2
protein expression was significantly higher in head and neck
squamous cell carcinoma tissues, and was associated with lymph
node metastasis and higher tumor node metastasis (TNM)
stages, suggesting that LTBP2 served as an independent
prognostic biomarker in head and neck squamous cell carcinoma
(HNSCC). Moreover, Wang et al,[6] reported that LTBP2
protein levels were significantly elevated in pancreatic ductal
adenocarcinoma tissues. High levels of LTBP2 were correlated
with poor differentiation and advanced TNM stage and
predicted worse overall survival (OS) and disease-free survival.
da Costa et al,[7] investigated the serum levels of LTBP2 in a
prospective cohort of 115 patients with chronic liver disease
from Korea between 1999 and 2001, and found that increased
serum LTBP2 was detected in 21 subjects who developed HCC,
which improved biomarker-based detection of HBV-related
HCC. However, the clinical significance of LTBP2 in different
tumors was inconsistent.
Therefore, we designed a meta-analysis based on relevant

studies to comprehensively analyze and evaluate the prognostic
role ofLTBP2 inpatientswith tumors. Besides, to identifywhether
the incidence of high LTBP2 expression was influenced by many
clinicopathologic characteristics, we also analyzed the association
between incidence of high LTBP2 expression and clinicopatho-
logic characteristics of patients with tumors. In addition, we also
explored the prognostic risk factors of tumor patients.

2. Methods and materials

2.1. Including and excluding criteria:

Including criteria:
Prospective and retrospective observational studies; the

patients included in studies were pathologically diagnosed with
malignant tumors; LTBP2 of carcinoma tissues and adjacent
tissues were reported; prognostic indicators such as OS and
prognostic risk factors could be obtained.
Excluding criteria:
Non-human researches or trials on animals; articles belong to

abstracts, letters, editorials, expert opinions, reviews, case reports,
or laboratory studies; patients having other primary tumors or
severe disease which may affect their survival; studies without
sufficient data for analysis; duplicate articles were excluded.
2.2. Search strategy:

We identified relevant studies by searching database including
PubMed, Embase, Cochrane Library, and Web of Science to
February, 2021. Our searching terms and procedures were as
follows: “latent transforming growth factor-b-binding protein
2” OR “LTBP2”; “cancer∗” OR “tumor∗” OR “carcinoma∗”
OR “neoplasm∗”; “prognosis” OR “survival” OR “outcome”
OR “risk factor.” The retrieval formula was as follows: AND,
AND. The databases above were searched with these terms and
retrieval formula in English. Two investigators who received
normative and unitive training beforehand independently
screened the titles and abstracts of each study after duplicate
references were excluded. Once potential studies which may
meet our including criteria were found, their full texts were
obtained for further evaluation.
2

2.3. Quality assessment and data extraction:

Two assessors receiving normative training beforehand inde-
pendently evaluated the quality of all the included studies using
the 9-star Newcastle-Ottawa Scale (NOS).[8] The total NOS
scores of each study were displayed in the characteristics table
(Table 1). The scores were judged according to the 3 aspects of
NOS of evaluation: selection, comparability, and outcome
between the case group and control group. A study with a NOS
score ≥6 is considered experiencing good quality. In addition, in
order to observe the bias of our included studies better, the risk
of bias for each studies and the risk of bias across all studies were
evaluated and shown with figures generated by RevMan 5.2
software (Version 5.2. Copenhagen).[9]

Two same reviewers above extracted the data for analysis
based on their intensive reading of included articles, and
disagreement was resolved by their discussion. In addition, the
other contents included study published year, sample size, tumor
type, incidence of high LTBP2 expression, LTBP2 detection,
LTBP2 RNA extraction, primary outcome, follow-up time, cut-
off value and age (median and range) were also extracted using a
standardized form (Table 1). Data collected were input into
RevMan 5.2 software for analysis.[9]
2.4. Statistical analysis

In this meta-analysis, the odds ratio (OR) with its 95%
confidence interval (CI) was used to assess the correlation
between LTBP2 and clinicopathologic features or OS of patients
with cancer. Hazard ratio (HR) with its 95% CI was used to
explore the prognostic risk factors. The heterogeneity between
studies was evaluated by the chi-square-based Q statistical
test.[10]P� .10 was deemed to represent significant heterogene-
ity, and pooled RR was estimated using a random-effect model
(the DerSimonian and Laird method).[11] On the contrary, if
statistical study heterogeneity was not observed (P> .10), a fixed
effects model (the Mantel–Haenszel method)[12] was used. The
effects of LTBP2 on survival were considered to be statistically
significant if OR 95% CI did not overlap with 1.
Besides, to identify whether the expression of LTBP2 in

patients with tumors was influenced by many clinicopathologic
characteristics, we also analyzed the association between
incidence of high LTBP2 expression and 8 clinicopathologic
characteristics including 15 comparing subgroups of patients.
This systematic review and meta-analysis followed the

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines[13] and has been assessed in line with
assessing the methodological quality of systematic reviews
guidelines.[14] The present study was approved by the Ethics
Committee of Guangrao County People’s Hospital.
3. Results

3.1. Retrieval results of literature and study
characteristics:

After the duplicate studies were removed from the primary
retrieval results of 101 studies, 89 studies were initially obtained
for potential including by screening the titles and abstracts.
Fourty six studies were excluded according to their titles and
abstracts and 43 full-texts were obtained for further assessment.
After 32 full articles were excluded further, eventually a total of
11 studies including 2322 participants were included in
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qualitative synthesis.[5–7,15–22] In our included studies, the tumor
types referred to esophageal cancer, head and neck squamous
cell carcinoma, pancreas ductal adenocarcinoma, cervical
adenocarcinoma, thyroid carcinoma, gastric cancer, colorectal
cancer, hepatocellular carcinoma and breast cancer. All studies
detected LTBP2 using immunohistochemistry method and
extracted LTBP2 RNA polymerase chain reaction technique.
The detail search process and summary of studies were

showed in study flow diagram (Fig. 1). The other study
characteristics of each study were shown in Table 1.

3.2. Quality assessment

As Table 1 shows, there is 1 study with a NOS score of 8, 6
studies with a NOS score of 7, 4 studies with a NOS score of 6.
According to our definition for good quality, all studies
experienced good quality.
In addition, to identify the risk of bias of our including studies

further, we generated risk of bias graphs. The risk of bias for
each study was presented as percentages across all included
studies in Fig. 2, and the risk of bias item for each included study
is displayed in Fig. 3. The risk of bias graphs indicated generally
good methodological quality. In these included studies, they
experienced good quality in “section,” including items of
representativeness of the exposed cohort and selection of the
non-exposed cohort. Besides, comparability issue was low risk of
bias in these studies. High risk of bias was observed in
“ascertainment of exposure,” “comparability,” and “assessment
of outcomes.” Unclear risks of bias were mainly observed in
“ascertainment of exposure,” “assessment of outcomes,” and
“adequacy of follow-up of cohorts.”

3.3. LTBP2 expression in carcinoma and adjacent tissues

Of the included studies for estimating the association between
LTBP2 expression and survival of patients with tumors, 7 studies
provided 10 sets of comparable data for comparing the LTBP2
expression between carcinoma and adjacent tissues.
Our overall analysis results showed that, compared with

normal or adjacent tissues, the incidence of high LTBP2
expression was more than 4 folds in carcinoma tissues, with
the pooled OR being 4.38 (95% CI 3.52–5.44; P< .00001)
(Fig. 4). The pooled analysis was estimated using fixed-effect
model because no significant heterogeneity (P= .60 and I2=0%)
between studies was found.

3.4. The prognostic effect of LTBP2 expression on OS

Of the included studies, 6 studies with 7 sets of comparable data
compared the 1-year OS between high and low LTBP2
expression. The 1-year OS rate in high and low LTBP2
expression was 78.6% and 93.2% respectively. Our result
showed that patients having high LTBP2 expression experienced
worse 1-year OS, with the pooled OR being 0.26 (95% CI 0.13–
0.53; P= .0002) (Fig. 5).
Seven studies with 8 sets of comparable data compared the 2-

year OS between high and low LTBP2 expression. The 2-year OS
rate in high and low LTBP2 expression was 59.1% and 82.1%
respectively. Pooled result indicated patients having high LTBP2
expression also experienced significantly poor 2-year OS, with a
pooled OR of 0.27 (95% CI 0.14–0.50; P< .0001) (Fig. 6).
Six studies compared the 3-year OS between high and low

LTBP2 expression. The 3-year OS rate in high and low LTBP2

http://www.md-journal.com


Figure 1. Flow diagram of literature search and selection of included studies for meta-analysis.

Zhao et al. Medicine (2022) 101:17 Medicine
expression patients was 60.7% and 77.5% respectively. Pooled
result indicated patients having high LTBP2 expression also
experienced significantly poor 3-year OS, with a pooled OR of
0.26 (95% CI 0.13–0.53; P= .0002) (Fig. 7).
There also are 6 studies comparing the 4-yearOS between high

and low LTBP2 expression. The 4-year OS rate in high and low
Figure 2. Risk of bias graph: review authors’ judgments about each ris

4

LTBP2 expression patients was 38.6% and 72.5% respectively.
Pooled result also indicated that patients having high LTBP2
expression also experienced significantly lower 4-year OS, with a
pooled OR of 0.21 (95% CI 0.06–0.73; P= .0002) (Fig. 8).
Because of significant heterogeneity between studies, random

effect models were used for above combined analyses.
k of bias item presented as percentages across all included studies.



Figure 3. Risk of bias summary: review authors’ judgments about each risk of
bias item for each included study.

Zhao et al. Medicine (2022) 101:17 www.md-journal.com
3.5. The association between clinicopathologic features
and LTBP2 expression

In order to identify whether the LTBP2 expression was
influenced by many of the clinicopathologic characteristics of
patients with tumors, we analyzed the association between high
LTBP2 expression and 8 clinicopathologic characteristics
including 15 comparing subgroups (Table 2). The clinicopatho-
logic characteristics items included age, gender, tumor grade,
tumor size, N stage, T stage, M stage, and TNM stage. Our
analysis results showed that significant associations were found
in N stage, T stage, M stage, and TNM stage (Table 2). In N
stage, compared with N1 and N2, patients with N0 experienced
lower incidence of high LTBP2 expression (OR 0.34; 95% CI
0.19–0.60; P= .0002 and OR 0.14; 95% CI 0.05–0.42;
5

P= .0005 respectively). Compared with T3/4, patients with
T1/2 experienced lower incidence of high LTBP2 expression,
with the pooled OR being 0.38 (95% CI 0.21–0.69; P= .001).
Compared toM1, patients withM0 experienced lower incidence
of high LTBP2 expression, with the pooled OR being 0.16 (95%
CI 0.07–0.35; P< .0001). Meanwhile, when compared the
incidence of high LTBP2 expression in patients with TNM III,
the same result was also found in TNM stage I and II (OR 0.11;
95% CI 0.04–0.33; P< .0001 and OR 0.46; 95% CI 0.23–0.92;
P= .03 respectively). No significant association between high
LTBP2 expression and age, gender, tumor grade, and tumor size
was observed (Table 2).

3.6. The prognostic risk factors of OS

We explored the prognostic risk factors of OS for patients with
tumors. As Table 3 shows, the univariate analysis indicated
LTBP2 expression (HR 3.2; 95% CI 2.43–4.23; P< .0001),
TNM stage (HR 1.80; 95% CI 1.02–3.20; P= .04), T stage (HR
1.82; 95% CI 1.04–3.18; P= .04), and N stage (HR 2.07; 95%
CI 1.28–3.36; P= .003) were risk factors of prognosis of patients
with tumors. No significant results were observed in gender, age,
tumor differentiation, M stage, and tumor size. Multivariate
analysis found only LTBP2 expression was the risk factor of OS
for patients with tumors.

3.7. Publication bias

Begg funnel plot was generated to assess publication bias in the
included studies. As shown in Fig. 9, the plots displayed no
obvious asymmetry and showed no clear evidence of publica-
tion.

4. Discussion and conclusion

Recently, increasing interests have been given to the relevance of
LTBP2 expression and malignancies. The TGF-b signaling
pathway regulates various cellular processes including prolifer-
ation, apoptosis, differentiation, ECM modification, cytokine
secretion and migration, in normal and malignant cells.[23,24]

Nevertheless, TGF-b has contrasting functions in cancer, acting
as a tumor suppressor in the development of pre-malignant
tumors and as an oncogene in the progression of advanced-stage
tumors, particularly during tumor cell invasion and metasta-
sis.[25,26] The majority of cells secrete TGF-b in a latent form,
non-covalently bound to TGF-b propeptide (latency-associated
peptide [LAP]).[27] LAP associates with LTBPs, which may assist
with the proper folding of TGF-b precursor protein, aiding its
secretion as well as directing its association with the ECM.[28]

LTBP1 promotes TGF-b activation by anchoring to the ECM
and creating traction when LAP is bound by cell surface
integrins. This traction facilitates LAP deformation and aids in
the release of TGF-b from LAP-LTBP complexes, which is
essential for the activation of TGF-b.[29] However, LTBP2 is
different from other LTBPs as it is the only member that does not
bind to latent TGF-b.[30] It has been demonstrated that LTBP1
and LTBP2 exhibited comparable binding affinities for fibrillin-1
because they compete for the same binding site.[31] This led to the
hypothesis that LTBP2 may indirectly modulate the TGF-b
activation by releasing LTBP1 from microfibrils. However, the
definite function of LTBP2 in regulating TGF-b remains unclear,
although tumor-promoting and tumor-suppressive functions
have been proposed for LTBP2.[5,32]

http://www.md-journal.com


Figure 4. Forest plot of comparison between carcinoma and adjacent tissues regarding to the incidence of high LTBP2 expression. LTBP2= latent transforming
growth factor-b-binding protein 2.

Figure 5. Forest plot of comparison between high and low LTBP2 expression regarding to 1-year overall survival. LTBP2= latent transforming growth factor-
b-binding protein 2.

Figure 6. Forest plot of comparison between high and low LTBP2 expression regarding to 2-year overall survival. LTBP2= latent transforming growth factor-
b-binding protein 2.

Zhao et al. Medicine (2022) 101:17 Medicine
Though the exact effect of LTBP2 on malignant tumors were
not clear, many clinical researches have explored its impact on
the prognosis of patients with tumors. However, there results
remained inconsistency. Thus, we performed this analysis in
order to comprehensively analyze and evaluate the prognostic
significance of LTBP2 for patients with malignant tumors. Our
6

pooled results indicated that LTBP2 expressed more in
carcinoma tissues than normal or adjacent tissues, which could
be used as an indicator for malignant tumors. In addition, it was
demonstrated that both the early and mid- or long-term OS rate
was significantly lower in patients with high LTBP2 expression
than low LTBP2 expression. The incidence of high LTBP2



Figure 7. Forest plot of comparison between high and low LTBP2 expression regarding to 3-year overall survival. LTBP2= latent transforming growth factor-
b-binding protein 2.

Figure 8. Forest plot of comparison between high and low LTBP2 expression regarding to 4-year overall survival. LTBP2= latent transforming growth factor-
b-binding protein 2.

Table 2

The comparison between LTBP2 expression and clinicopathologic features.

Pooled results Heterogeneity

Subgroups Number of pts OR 95% CI P value I2 Ph value Analytical effect model

Age, yr 993 0.85 0.66, 1.11 .24 0% .72 Fixed-effect model
Gender 809 1.32 0.98, 1.78 .07 30% .23 Fixed-effect model
Tumor grade

Well vs moderate 331 0.81 0.52, 1.27 .36 0% .78 Fixed-effect model
Well vs poor 340 0.89 0.24, 3.27 .86 72% .03 Radom-effect model
Moderatel vs poor 671 0.72 0.47, 1.09 .12 22% .28 Fixed-effect model

Tumor size, cm 295 0.61 0.24, 1.52 .29 72% .03 Radom-effect model
N stage 299 0.34 0.19, 0.60

N0 vs N1 299 0.34 0.19, 0.60 .0002 0% .92 Fixed-effect model
N0 vs N2 144 0.14 0.05, 0.42 .0005
N0 vs N1, 2, 3 957 0.51 0.24, 1.07 .07 83% <.0001 Radom-effect model

T stage
T1, 2 vs T3, 4 751 0.38 0.21, 0.69 .001 53% .10 Radom-effect model

M stage
M0 vs M1 489 0.16 0.07, 0.35 <.0001 28% .25 Fixed-effect model

TNM stage
I vs II 278 0.58 0.14, 2.38 .45 79% .009 Radom-effect model
I vs III 157 0.11 0.04, 0.33 <.0001 0% 1.0 Fixed-effect model
II vs III 164 0.46 0.23, 0.92 .03 0% 0.71 Fixed-effect model
I+II vs III+IV 725 0.83 0.36, 1.92 .67 77% .001 Radom-effect model

CI=confidence intervals, LTBP2= latent transforming growth factor-b-binding protein 2, OR=odds ratio, TNM = tumor node metastasis.
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Table 3

The pooled analysis of prognostic factors of overall survival.

Univariate analysis Multivariate analysis

Subgroups
Number
of pts HR 95% CI

P
value HR 95% CI

P
value

LTBP2 expression 758 3.2 2.43, 4.23 <.0001 3.41 2.54, 4.57 <.0001
Gender 1227 1.13 0.89, 1.42 .31
Age 1352 1.20 0.99, 1.46 .06
Differentiation 1352 0.81 0.48, 1.37 .44 0.99 0.65, 1.51 .96
TNM stage 1352 1.80 1.02, 3.20 .04 1.13 0.61, 2.06 .70
T stage 1227 1.82 1.04, 3.18 .04 1.36 0.91, 2.03 .14
N stage 1352 2.07 1.28, 3.36 .003 1.23 0.94, 1.62 .14
M stage 768 1.78 0.43, 7.33 .42 1.45 0.87, 2.42 .15
Tumor size 236 1.03 0.73, 1.45 .86

CI= confidence intervals, HR=hazard ratio, LTBP2= latent transforming growth factor-b-binding
protein 2, TNM = tumor node metastasis.

Zhao et al. Medicine (2022) 101:17 Medicine
expression was higher in stage III or IV patients than stage I or II.
This result was consistent with our conventional cognitive that
late stage patients always experienced poor prognosis. Our
multivariate analysis results indicated that only LTBP2 expres-
sion was an independent prognostic risk factor.
There were several deficiencies for the present meta-analysis.

The greatest limitation was the inconsistency of cut-off value of
high LTBP2 expression. Chan et al[15] used percentage of tumor
cells positively stained>25%, but Chen et al[16] used the relative
expression level of LTBP2mRNA in HCC tissues >1 as the cut-
off value. The cut-off value of high LTBP2 expression was
present as the product of the expression intensity of positive cells
and the percentage of positive cells in several studies.[6,17,18,22]

The second limitation was the variation of the clinical stages of
patients. As is well known, clinical stage, especially TNM stage
of tumors, is one of the main factors of tumor patients’ prognosis
and is most commonly used as the predictor for prognosis of
tumor patients. Because of the heterogeneity and small number
of included studies, we failed to perform subgroup analysis
according to TNM stage of patients. Meanwhile, the significant
association between incidence of high LTBP2 expression and
TNM stage was found in our analysis, thus the stage of patients
may influence the analysis results of survival results. Another
Figure 9. Funnel plot of comparison between high LTBP2 and low LTBP2 in
30-day/in-hospital all-cause mortality.
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limitation was the difference of tumor types. At present, there
was no research exploring and comparing the LTBP2 expression
in difference tumor tissues. Thus, this analysis was an initial
exploration for the effect of LTBP2 expression on cancer. In the
included studies, the incidence of high/positive LTBP2 expres-
sion was ranged from 28.4% in colorectal cancer to 68.3% in
hepatocellular carcinoma. Thus, the expression of LTBP2 may
be different in different tumor tissues, which may lead to any risk
of bias of analysis. However, limited to the study number, we
failed to perform subgroup analysis according to different
cancers. Finally, the prognosis of cancer patients are multifacto-
rial and prognosis of tumor patients are also influenced by
multiple other factors, such as age, follow-up time, adjuvant
therapy, and tumor size, histological type, and venous involve-
ment, which should also be taken into consideration when
designing a research.
Future studies should clear the cut-off value of LTBP2 in

different tumor tissues. In addition, because LTBP2 expression
was be detected in tumor tissues, further studies should explore
the detection of LTBP2 expression in peripheral circulation.
More significant, the correlation between LTBP2 expression and
prognosis or response to therapy should be explored, which
could be used to adjuvant therapy. In addition, future researches
should explore and compare the difference of LTBP2 expression
in different tumor tissue, which may contribute to clearing the
cut-off value of LTBP2 in different tumor tissues.
In conclusion, the present analysis suggested that LTBP2 may

have significant associationwith survival of patients with cancer.
Both the early and mid- or long-term OS rate was significantly
lower in patients with high LTBP2 expression than low LTBP2
expression. Our pooled results indicated that LTBP2 expressed
more in carcinoma tissues than normal or adjacent tissues, which
could be used as an indicator for malignant tumors. In addition,
it was indicated that high LTBP2 expression was an independent
prognostic factor of patients.
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