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Objective: Specificity protein 1 (SP1) plays a vital role to promote carcinogenesis in a
variety of tumors, and its up-regulated expression is reported to be a hinter of poor
prognosis of patients. We conducted this meta-analysis to elucidate the clinical
significance and prognostic value of SP1 in malignant tumors.

Methods: PubMed andCochrane Library were searched for studies published between January
1, 2000 and June 1, 2020. The combined odds ratios (ORs) and hazard ratios (HRs) with 95%
confidence intervals (95%CIs)were used to investigate the correlation of SP1with clinical behaviors
and prognosis in patientswith solid tumors. UALCANwas used to conduct bioinformatics analysis.

Results: A total of 24 documents involving 2,739 patients were enrolled in our review. The
random-effect model was used to perform this analysis due to the high level of heterogeneity. SP1
low expression was not conducive to lymph nodemetastasis (OR � 0.42; 95%CI: 0.28-0.64; p <
0.05), progression of TNM stage (OR � 0.34; 95% CI: 0.20-0.57; p < 0.05) and tumor infiltration
(OR � 0.33; 95% CI: 0.18-0.60; p < 0.05). Elevated SP1 expression was connected with shorter
survival time of patients with hepatocellular carcinoma, pancreatic cancer, gastric cancer and
esophageal cancer (HR � 1.95; 95% CI: 1.16-3.28; p < 0.05). According to UALCAN database,
breast cancer, ovarian cancer, colon cancer and lung adenocarcinoma display an elevated SP1
expression in comparisonwith normal tissues.Kaplan-Meier survival plots indicateSP1mRNA level
has negative effects on prognosis of liver hepatocellular carcinoma and brain lower grade glioma.

Conclusion: SP1 was associated with lymph node metastasis, TNM stage and depth of
invasion, and indicated poor clinical outcome, which brought new insights on the potential
candidacy of SP1 in clinical usage.
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INTRODUCTION

Specificity protein 1 (SP1) serves as a transcription factor
involved in transcription of a large amount of “housekeeping
genes”, regulating cell proliferation, differentiation and apoptosis
[1]. It promotes gene transcription by directly binding to genes in
GC-rich elements of promoters three C2H2-type zinc fingers.
Many housekeeping genes play central roles in tumor formation
and progression. As a consequence, SP1 is closely related to
aggressive tumor behaviors and poor outcomes.

SP1 exerts its biological function in many ways like epithelial-
mesenchymal transformation (EMT), angiogenesis, inflammatory
signaling and immune escape. It has been confirmed that SP1 can
regulate a variety of cancer-related genes. SP1 controls the proliferation
of breast cancer cells by interacting with insulin-like growth factors I
receptor (IGFIR) [2]. Besides, SP1 binds to the promoter of vascular
endothelial growth factor (VEGF) to facilitate angiogenesis, forming a
favorable condition for tumor growth [3]. In lung cancer, SP1
participates in the induction of matrix metalloproteinase-2 (MMP-
2) and matrix metalloproteinase-9 (MMP-9) to accelerate cell
invasion [4].

Many tumors show increased SP1 expression, including breast
cancer, gastric cancer, lung cancer and pancreatic cancer,
compared with adjacent healthy tissues. In cervical cancer,
overexpression of SP1 activates POU3F3 to promote the
proliferation and invasion [5]. SP1 can also interact with
Ajuba to form a complex to induce downstream gene
transcription, contributing to an unsatisfactory outcome to
pancreatic cancer patients [6]. SP1 level affects tumor stage
and differentiation, which implies an unfavorable prognosis in
these cancers. Based on this point, SP1 has the potential to
become a target to treat cancers.

The relationship between expression of SP1 and
clinicopathological behaviors and prognosis of solid cancers has
been addressed in many studies, so we decided to carry out this
meta-analysis to evaluate the carcinogenic role of SP1 in cancers.

METHODS

Search Strategy
This meta-analysis was performed following the convention of
PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analysis) guidelines and registered in the PROSPERO
international prospective register of systematic reviews.

We extensively searched PubMed and Cochrane Library for
studies published between January 1, 2000 and June 1, 2020.
According to the PICO framework (population, intervention,
comparison, outcome), specific search queries were formulated
using terms: “SP1”, “cancer”, “clinical features” and “prognosis”.
The language was limited to English.

Selection Criteria
Primary screening of the references was performed according to
title and abstract. A full-text check was then conducted in line
with the inclusion and exclusion criteria.

Inclusion Criteria
(1) Articles enrolled patients with validated histological cancer.
(2) Articles were published in English.
(3) Articles described SP1 and clinicopathological parameters or

prognosis of cancers.

Exclusion Criteria
(1) They were case reports, meta-analysis, reviews.
(2) Studies provided insufficient data (hazard ratios with 95%

confidence intervals were not available).
(3) Patients accepted radiotherapy or chemotherapy before an

operation.
(4) Documents with a small sample size (number of patients <50).

Articles Screening, Data Extraction, and
Quality Assessment
All studies obtained from the two databases were examined by two
reviewers independently. Only if both reviewers agreed to include the
article, it would be included in this analysis.When any inconsistencies
occurred, they would be settled by the corresponding author, who
made an ultimate decision based on the original paper.

We extracted data from selected articles, including authors,
year of publication, nation, antibody company, sample size and
clinical features.

The Newcastle–Ottawa Quality Assessment Scale for cohort
studies (NOS) was adopted to appraise the quality of every study.
Every article was assessed based on patient selection,
comparability of the studied group and the evaluation of the
treatment outcome. In brief, a total of nine points was assigned to
each research. A study whose ultimate score was more than five
was considered high quality. The quality estimation was done by
two authors independently. Every study got its NOS score when
there were no conflicts.

Data Analysis
This meta-analysis was conducted with STATA (version 15.0,
StataCorp LP, College Station, TX). Basic information was
provided in Table 1. We then combined all SP1 high expression
groups to create a comparison with the SP1 low expression groups.

We used clinical experience to determine whether it was
appropriate to combine trials in a meta-analysis. Odds ratios
(ORs) with 95% confidence intervals (CIs) were utilized to
evaluate the relevance between SP1 and clinical parameters.
Hazard rations (HRs) with 95% CIs were utilized to
investigate the relationship between SP1 and prognosis. Funnel
plots were used to evaluate the publication bias. Heterogeneity in
the studies was determined by the I [2] statistic (I [2]>50%
suggested obvious heterogeneity). A fixed-effect model was
applied when I [2] was less than 50%. Otherwise, we chose to
use a random-effect model to perform this meta-analysis.
Statistical significance was defined as p < 0.05. Sensitivity
analysis was used to find out the source of heterogeneity.
Based on the model, we assessed the correlation between SP1
expression and clinical parameters and prognosis of cancers.
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Usage of UALCAN
UALCAN (http://ualcan.path.uab.edu) was employed to
investigate SP1 expression levels in different tissues, which is a
free net platform to provide gene expression profiling with TCGA
and clinical data and we chose box plots to realize the
visualization of data [7]. Data on protein expression analysis
provided by UALCAN originates fromClinical Proteomic Tumor
Analysis Consortium (CPTAC) Confirmatory/Discovery dataset.
Students’ t test was used to compare the expression differences
and p < 0.05 was regarded as statistically significant. Obtained
TCGA patient survival data were used for Kaplan-Meier and
survival plots were adopted to assess the prognostic role of SP1.
High expression means transcripts per million (TPM) value is
higher than the upper quartile, and low/medium expression
means TPM value is lower than the upper quartile. Log-rank p
values display statistical significance of the patterns observed.

RESULTS

Study Characteristics
Figure 1 is the flow chart of the essay searches and screening process
for the analysis. Of 435 studies retrieved from two databases, 23
duplicates were removed, and 412 unique articles were selected.
After further curation and application of the exclusion criteria, 297
irrelevant articles and 91 articles with unavailable data were excluded.
Finally, 24 relevant studies reporting the association between SP1
expression and clinical indicators of cancerswere included in this study.

We included 24 studies [6, 8–30] involving 2,739 patients with
validated histological cancers. Table 1 summarized the baseline

information (authors, year of publication, nation, cancer type,
antibody company, sample size and NOS score) of each article.
The included literatures came from China, United States and
Korea. The participants in the studies covered a wide cancer types
including pancreatic cancer, cholangiocarcinoma, gastric cancer,
nasopharyngeal cancer, breast cancer, hepatocellular cancer
(HCC), osteosarcomas, colorectal cancer, esophageal cancer,

TABLE 1 | Main characteristics and NOS scores of studies.

Author Nation Cancer type Antibody company Sample size Median follow-up
(month)

NOS score

[6] China Pancreatic cancer Santa Cruz Biotechnology 80 — 8
[24] China Cholangiocarcinoma Abcam 64 — 8
[10] China Gastric cancer Santa Cruz Biotechnology 65 59.6 8
[19] China Nasopharyngeal cancer Santa Cruz Biotechnology 82 32.4 7
[11] China Breast cancer Santa Cruz Biotechnology 60 — 8
[21] China Pancreatic cancer Cell Signaling Technology 77 — 8
[18] China Gastric cancer Santa Cruz Biotechnology 227 — 8
[22] China Hepatocellular cancer Millipore 214 13.8 7
[23] China Pancreatic cancer Cell Signaling Technology 88 — 7
[25] China Osteosarcomas Cell Signaling Technology 137 — 8
[30] China Colorectal cancer Abcam 80 — 8
[29] China Esophageal cancer Abcam 182 — 8
[28] Korea Pancreatic cancer Thermo Fisher 62 — 8
[26] China Astrocytoma Thermo Fisher 98 — 8
[8] United States Gastric cancer Santa Cruz Biotechnology 86 25.7 7
[9] United States Gastric cancer Santa Cruz Biotechnology 86 25.9 7
[13] Korea Gastric cancer Santa Cruz Biotechnology 268 — 8
[12] United States Glioma Santa Cruz Biotechnology 222 — 8
[15] China Glioma Cell Signaling Technology 55 — 7
[14] China Colorectal cancer Abcam 86 — 8
[16] China Breast cancer Bio-Rad 135 — 8
[20] China Pancreatic cancer Cell Signaling Technology 88 — 8
[27] China Esophageal cancer Santa Cruz Biotechnology 121 — 8
[17] China Nasopharyngeal carcinoma Millipore 76 — 8

NOS, Newcastle–Ottawa Quality Assessment Scale.

FIGURE 1 | PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analysis) flow chart.
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TABLE 2 | Extracted data of clinicopathological parameters from included studies.

Author Gender Tissue Lymph node metastasis TNM Stage Infiltration

Male Female Cancer Normal Yes No I–II III–IV T1–T2 T3–T4

+ − + − + − + − + − + − + − + − + − + −

[6] N N N N 57 23 37 43 N N N N N N N N N N N N
[24] 20 15 15 14 35 29 17 47 17 3 18 26 7 24 28 5 N N N N
[10] 27 18 8 12 N N N N 21 11 14 19 N N N N 8 19 27 11
[19] 23 29 16 14 N N N N 33 27 6 16 7 23 32 20 11 29 28 14
[11] N N N N 43 17 4 8 32 7 11 10 25 16 18 1 N N N N
[21] 24 27 14 12 N N N N 23 19 15 20 N N N N N N N N
[18] 137 20 56 14 N N N N 117 14 76 20 81 22 102 12 N N N N
[22] N N N N N N N N N N N N N N N N N N N N
[23] N N N N N N N N N N N N N N N N N N N N
[25] 55 54 18 10 73 64 27 110 N N N N 42 55 22 18 N N N N
[30] 17 15 23 25 N N N N 24 9 16 31 N N N N 13 32 27 8
[29] 81 80 15 6 96 86 11 171 69 39 27 47 N N N N 33 39 63 47
[28] 9 19 15 19 N N N N 17 26 7 12 N N N N 19 32 5 6
[26] 30 26 26 16 N N N N N N N N 14 22 42 20 N N N N
[8] 22 8 47 9 N N N N N N N N 22 8 47 9 N N N N
[9] N N N N N N N N 46 13 23 4 N N N N N N N N
[13] 43 120 75 30 195 73 4 34 132 51 53 19 75 26 119 47 76 26 115 46
[12] 90 63 40 29 N N N N N N N N 34 52 96 40 N N N N
[15] N N N N N N N N N N N N 8 7 31 9 N N N N
[14] N N N N N N N N N N N N N N N N 3 8 58 17
[16] N N N N N N N N 31 15 83 6 52 5 62 16 N N N N
[20] 35 21 18 14 N N N N 27 9 26 26 N N N N 43 31 10 4
[27] 41 52 16 12 N N N N 57 37 0 27 18 36 39 28 N N N N
[17] 31 24 12 9 N N N N N N N N 6 18 37 15 13 22 30 11

N, not reported.
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astrocytoma and glioma. The scores of 24 included studies range
from 7 to 8, so they were all high-quality.

Correlation of SP1 Expression With
Clinicopathological Characteristics and
Prognosis
The clinical parameters of studies were listed inTable 2. A total of six
articles, including 1,304 patients with pancreatic cancer,
cholangiocarcinoma, breast cancer, osteosarcomas, esophageal
cancer or gastric cancer, investigated SP1 expression in tissues.
Adjacent normal tissues had a lower level of SP1 (OR � 0.15;
95%CI:0.08-0.31; p < 0.05) in comparison with tumor sites
(Figure 1A). In addition, SP1 expression was linked with lymph
node metastasis (OR � 0.42; 95%CI:0.28-0.64; p < 0.05) (Figure 2A),
advanced TNM stage (OR � 0.34; 95%CI:0.20-0.57; p < 0.05)
(Figure 2B) and infiltration depth (OR � 0.33; 95%CI:0.18-0.60;
p < 0.05) (Figure 3A) which was independent of gender (OR � 1.09;
95%CI:0.88-1.34; p > 0.05) (Figure 1B). A total of seven studies
enrolling 951 patients surveyed survival data (Table 3). We
concluded that enhanced SP1 expression was positively associated
with unsatisfactory prognosis of various types of cancers including
HCC, gastric cancer, pancreatic cancer and esophageal cancer (HR �
1.95; 95%CI:1.16-3.28; p < 0.05) (Figure 3B).

Publication Bias
Funnel plots with pseudo 95% confidence limits were applied to
examine publication bias, as illustrated in Figure 4. Evidence
showed the funnel plots for tissue distribution, gender, lymph
node metastasis, TNM stage, infiltration and prognosis were
symmetrical, so there was no apparent risk of bias. This
indicated the results of this meta-analysis were reliable.

Heterogeneity and Sensitivity Analysis
Because of the high level of heterogeneity (I ([2])>50%), random-
effect models were used on publications about tissue distribution,
lymph node metastasis, TNM stage, infiltration and prognosis.
We adopted a sensitivity analysis to define whether the exclusion
of an individual document influenced overall results (Figure 5).
Evidence showed that no matter which separate study was
screened out of this analysis, the aggregate estimate of the
effect of SP1 expression level on tissue distribution, lymph
node metastasis, TNM stage, infiltration and survival time had
no significant change.

Bioinformatics Analysis
According to CPTAC dataset fromUALCAN, protein expression of
SP1 was higher in breast cancer, ovarian cancer, colon cancer and
lung cancer, compared with their corresponding normal tissues
(Figure 6), and the difference was significant. Kaplan-Meier plots
showed the association between SP1 transcription expression and
survival time. Although the relevance of SP1 mRNA level with the
prognosis of breast cancer and colon adenocarcinoma was not
statistically significant, the overall tendency was distinct (Figure 7).
Furthermore, enhanced SP1 mRNA level tended to result in a poor
clinical outcome of liver hepatocellular carcinoma and brain lower
grade glioma, suggesting its vital role in tumorigenesis. However,

more thorough researches are essential to validate the correlation of
SP1 with tumor prognosis.

DISCUSSION

Herein, we retrieved all available publications and conducted this
meta-analysis to clarify the clinical significance of SP1. A total of
24 articles enrolling 2,739 patients with solid tumors confirmed
by histopathology were selected in our review. Some clinical and
pathological characteristics were observed such as infiltration
depth, lymph node metastasis and TNM stage. Our review
revealed that SP1 showed a higher level in pancreatic cancer,
cholangiocarcinoma, breast cancer, osteosarcomas, esophageal
cancer and gastric cancer (OR � 0.15; 95% CI: 0.08-0.31; p <
0.05), and lower SP1 was detrimental to lymph node migration
(OR � 0.42; 95% CI: 0.28-0.64; p < 0.05), advance of TNM stage

FIGURE 2 | Forest plots describing the correction of SP1 expression
with tissues (random-effect analysis) and gender (fixed-effect analysis). (A)
Carcinoma tissues displayed an elevated SP1 expression. (B) SP1 expression
was independent of gender. Abbreviations: OR, odds ratio; CI,
confidence interval.
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(OR � 0.34; 95% CI: 0.20-0.57; p < 0.05) and exacerbation of
infiltration (OR � 0.33; 95% CI: 0.18-0.60; p < 0.05). In HCC,
gastric cancer, pancreatic cancer and esophageal cancer, patients
with increased SP1 were more likely to have poor outcomes
(HR � 1.95; 95% CI: 1.16-3.28; p < 0.05). Funnel plots disclosed
there was no significant publication bias. The year of publication,
sample size and nation may be the reasons for the high level of
heterogeneity. Sensitivity analysis showed the alterations of
selected criteria did not change the pooled results.

Bioinformatics analysis discovered differentially expressed SP1
might influence the prognosis of tumors. Our paper was of great
significance since it uncovered the clinical significance of SP1 for
cancer patients.

SP1 regulates tumorigenesis via enhancing transcription of
downstream genes whose promoter contain CG-rich typical
sequence, resulting in a poor prognosis of patients [31]. Liu
et al demonstrated SP1 bound Annexin A2 promoter to
activate its transcription, subsequently promoting the

FIGURE 3 | Forest plots describing the correction of SP1 expression with lymph nodemetastasis (random-effect analysis) and TNM stage (random-effect analysis).
(A) High SP1 expression promoted lymph node metastasis. (B) SP1 expression was associated with TNM stage. Abbreviations: OR, odds ratio; CI, confidence interval.
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TABLE 3 | Extracted data of prognosis from included studies.

Author Cancer type Hazard ratio 95% Confidence interval

[22] Hepatocellular cancer 1.907 1.067–3.408
[23] Pancreatic cancer 2.27 1.24–4.16
[8] Gastric cancer 4.5 1.8–11.2
[9] Gastric cancer 3.54 1.2–10.42
[13] Gastric cancer 0.603 0.346–1.151
[20] Pancreatic cancer 4.48 1.14–17.62
[27] Esophageal cancer 1.281 0.776–2.114

FIGURE 4 | Forest plots describing the correction of SP1 expression with depth of invasion (random-effect analysis) and prognosis (random-effect analysis). (A)
SP1 expression influenced depth of invasion. (B)High SP1 expression related to poor prognosis. Abbreviations: OR, odds ratio; CI, confidence interval; HR, hazard ratio.
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metastasis and invasion of oral squamous cell carcinoma [32].
FoxO3a is also a transcription regulator which plays a crucial role
in carcinogenesis. Yu et al. [33] found FoxO3a promoter had a
large amount of potential SP1 binding sites, and they confirmed
that SP1-contributed transcription of FoxO3a facilitated
colorectal cancer progression. In HCC, SP1 not only activates
transcription of metastasis-associated lung adenocarcinoma
transcript 1 (MALAT1), but also relates to AFP level, implying
it can be a novel marker in HCC screening [34].

SP1 relates to Wnt signaling pathway and they can maintain the
stability of each other. When Wnt signaling is off, SP1 constancy is
destroyed by glycogen synthase 3β (GSK3β)-induced
phosphorylation and β-TrCP E3 ubiquitin ligase-induced
ubiquitination. When Wnt signaling is switched on, the
interrelation of SP1 with elements of the destruction complex is
blocked, avoiding consecutive degradation of SP1. On the other
hand, chromatin immunoprecipitation sequencing (ChIP-seq)
verifies SP1 controls β-catenin steadiness and regulates Wnt-
related genes [35]. This indicates SP1 and Wnt pathway form a
positive feedback loop to boost the progression of cancers. In breast

cancer, SP1 stimulates non-classical Wnt response gene subgroups
to shorten the overall survival of patients [36]. Cytochrome P450
1B1 (CYP1B1) is reported to elevate in breast cancer and prostate
cancer. It exerts carcinogenic effects via EMT and initiation of Wnt
signaling pathway and mechanistic analysis reveals the process is
mediated by SP1 [37]. A similar interplay of SP1 and Wnt signal is
also observed in prostate cancer [38].

Estrogen receptor (ER) acts as a prognostic factor of breast
cancer, determining the response to endocrine therapy. According
to Cheang, SP1 is more sensitive than 1D5 in identifying patients
with satisfactory outcomes among those with ER-positive breast
carcinomas [39]. Similarly, SP1 is also superior to 1D5 for
authenticating ER status, which demonstrated SP1 has
advantages in becoming biomarkers [40]. Young et al agreed
with this statement, holding that SP1 was the most sensitive
antibody to identify ER expression in breast cancer [41]. Huang
et al confirmed that in HCC, SP1 had a correlation with AFP level
(r � 7.44, p � 0.0064) [34]. In lung cancer tissues, the positive rate of
SP1 was found to be higher than that of APF [42]. NG Ordonez
reported that higher sensitivity can be obtained in distinguishing

FIGURE 5 | Funnel plots for the evaluation of potential publication bias about (A) tissues, (B) gender, (C) lymph node metastasis, (D) TNM stage, (E) infiltration and
(F) prognosis. Abbreviations: OR, odds ratio; HR, hazard ratio.
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between malignant epithelial pleural mesothelioma and lung
adenocarcinoma by immunostaining CEA and SP1 [43]. What’s
more, the AUC of the combination of SP1/SP3/FLIP with Gleason
score for predicting PSA failure and non-failure was 0.93 [44]. The
results highlight the possibility of SP1 becoming a clinical target of
some specific cancers.

Accumulating proof has shown SP1 expression correlates with
proliferation, migration, invasion and cell cycle in cancer cells.
Zhao et al. [45] observed deregulation of SP1 in HCC, which
affected the growth of liver cancer cells, suggesting SP1 would
become a target in HCC treatment. Additionally, SP1 was directly
targeted by miR-382, a tumor suppressor gene, impeding
colorectal cancer cell development and metastasis [46]. Wang
et al. [47] reported SP1 regulated gastric cancer cell hyperplasia
and cell cycle in a UCA1-dependent manner, supporting its
important role in various cancers.

Our review had a lot of strengths. Firstly, we performed a meta-
analysis and bioinformatics analysis to support our results. Secondly,
The Newcastle–Ottawa Quality Assessment Scale was adopted to
evaluate the quality of included studies and all studies were
considered high-quality. Furthermore, it was the first to verify
SP1 correlated with clinicopathological parameters and poor
prognosis in neoplasm.

Our review also had some limitations. To start with, although we
searched PubMed and Cochrane Library exhaustively, the number
of included literatures is still very small, which prevented us from
conducting subgroup analysis based on tumor type. Then, most of
the documents we selectedwere fromChina. However, we had strict
screening criteria and all studies were regarded as high-quality.
Finally, data on prognosis and the relative expression of SP1 in
tissues was relatively little so we could not absolutely say SP1 was an
oncogene in tumors.

In all, carcinoma tissues tended to have elevated SP1
expression, which is related to clinicopathological
characteristics of tumors, implying the central role of SP1 in
tumor progression. However, due to the limitations we
mentioned above, the results must be explained carefully and
more clinical trials of SP1 in human solid tumors are required for
a more reliable conclusion.

CONCLUSION

SP1 expression is connected with lymph node metastasis, TNM
stage and infiltration depth, suggesting it can be considered as a
potential target for cancer treatment in the future.

FIGURE 6 | Sensitivity analysis about (A) tissues, (B) gender, (C) lymph node metastasis, (D) TNM stage, (E) infiltration and (F) prognosis. Abbreviations: CI,
confidence interval.
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FIGURE 7 | SP1 protein expression in cancers (UALCAN). SP1 displayed an increased expression level in (A) breast cancer, (B) ovarian cancer, (C) colon cancer
and (D) lung adenocarcinoma.

FIGURE 8 | Kaplan-Meier plots describing gene-level correlations with patient survival (UALCAN). The correlation of SP1 expression with prognosis of (A) breast
invasive carcinoma and (B) colon adenocarcinoma was not statistically significant. High SP1 expression was associated with shorter survival of (C) liver hepatocellular
carcinoma and (D) brain lower grade glioma. Abbreviations: BRCA, breast invasive carcinoma; COAD, colon adenocarcinoma; LIHC, liver hepatocellular carcinoma;
LGG, brain lower grade glioma.
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