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Background: There is growing evidence showing that 6-phosphofructo-2-kinase (PFKFB3) plays crucial roles in different types of
human cancers, including LUAD; however, the specific mechanism by which PFKFB3 plays a role in LUAD remains unclear.
Methods: We investigated the expression of PFKFB3 and explored the underlying mechanism as well as the correlation with immune
markers using several online datasets, such as Tumor Immune Estimate Resource (TIMER), UALCAN, and the Cancer Genome Atlas
(TCGA) databases, miRWalk, Targetscan, MiRDB and starBase database. Western blot and immunohistochemistry analysis were
performed to verify the corresponding outcomes.

Results: It was shown that the mRNA expression of PFKFB3 was lower in LUAD than in the normal tissues, while its protein
expression was not consistent with the mRNA level. The expression of PFKFB3 was correlated with clinicopathological parameters
and several signaling pathways. The potential long chain (Inc)RNA/microRNA/PFKFB3 axis and the possible mechanism by which
tumor progression in LUAD is promoted was predicted. We obtained the LINC01798/LINC02086/AP000845.1/HAGLR-miR-17-5p-
PFKFB3 axis after comprehensive analyses of expression, correlation, and survival. Moreover, the expression of PFKFB3 was
positively correlated with immune cells and immune checkpoint expression, including PD-1, PD-L1 and CTLA-4.

Conclusion: The present study demonstrated that noncoding RNAs mediated the upregulation of PFKFB3 and was associated with
a poor prognosis and immune tumor infiltration in LUAD.
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Introduction
In accordance with 2020 global cancer statistics, the incidence of lung cancer accounted for 11.4% out of 19.3 million
new cases, and its mortality rate was higher than that of all human cancers in both men and women.' LUAD is the most
common histological subtype and is considered to be closely related to smoking habits. Currently, comprehensive
treatment is the main therapy for lung cancer. Targeted and immunized drugs are available; however, the therapy for
lung cancer depends on its subtype and stage, as well as tumor size and the general condition of the patients.” Even
though much progress has been made in the treatment of lung cancer, the prognosis for patients is still disappointing;
therefore, searching for a new prognostic molecular marker to help doctors diagnose and treat lung cancer is essential.
6-phosphofructo-2-kinase (PFKFB3), as well as fructose-2,6-bisphosphatase 3 (F26BP3) with a molecular weight of
~58 kDa belongs to the PFKFB family, which is a key enzyme in glycolysis progression.” PFKFB3 has been reported to
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be upregulated in a majority of human cancers, such as breast cancer (BC),* gastric cancer (GC),> colorectal cancer
(CRC),° and nasopharyngeal carcinoma (NPC).” Recently, PFKFB3 has been identified as one of the new kinases
involved in cell metabolism and plays an important role in regulating cell growth and the proliferation in GC.” The
overexpression or overactivation of PFKFB3 is closely related to many tumor diseases and has become a new target for
antitumor drug research and development; however, the specific mechanism is less clear. Therefore, exploring its
pathogenic mechanism in LUAD is of great significance for clinical treatment.

In the present study, we analyzed the expression of PFKFB3 along with its clinicopathological relationship and
function in LUAD. We also investigated the upstream molecular of PFKFB3 and determined its correlation with immune
cells or immune checkpoints. Taken together, the noncoding (nc)RNA-mediated axis related to PFKFB3 may promote
tumor progression in LUAD.

Materials and Methods
TIMER Database

TIMER (https://cistrome.shinyapps.io/timer/) is a web resource for systematic evaluations of the clinical impact of

different immune cells in diverse cancer types. The abundance of six immune infiltrates (B cells, CD4+ T cells, CD8+
T cells, neutrophils, macrophages, and dendritic cells) are estimated using the TIMER (https://cistrome.shinyapps.io/

timer/) algorithm. We analyzed the mRNA expression of PFKFB3 in various human cancer types and the correlation
between PFKFB3 and immune cell markers. P < 0.05 was considered statistically significant.

UALCAN Database

The UALCAN database (http://ualcan.path.uab.edu/) is a comprehensive, user-friendly, and interactive web resource that

can be used to perform in-depth analysis of TCGA data (https://portal.gdc.cancer.gov/) of gene expression.® Here, we
investigated the mRNA and protein level of PFKFB3 along with the relationship between PFKFB3 and the clinico-

pathological parameters.

LinkedOmics Database

LinkedOmics database (www.linkedomics.org/) contains multi-omics data and clinical data for 32 cancer types and
11,158 patients from the TCGA project.” We used it to analyze the function of PFKFB3 in LUAD using 515 patients.

The miRWalk, Targetscan, MiRDB and starBase Database
MiRWalk (http:/mirwalk.umm.uni-heidelberg.de/),'®'* Targetscan (http://www.targetscan.org/), and miRDB (http://

www.mirdb.org/)'*"!> databases are online resources specialized in predicting microRNA (miRNA) target and function
annotation. StarBase (https://starbase.sysu.edu.cn/) is an online website dedicated to analyzing the interaction between
RNA and RNA, including mRNA, miRNA, and IncRNA.'® It is so portable that users can easily find the possible
upstream molecules of target gene. Here, after comprehensive analyses of those possible miRNAs, only those that

appeared in all three databases were selected as candidate upstream molecules of PFKFB3. We then analyzed a series of
data comprising the correlation expression between miRNA-PFKFB3, IncRNA-miRNA, and the expression of each of
miRNA in LUAD and the normal control.

Gene Expression Profiling Interactive Analysis Database
GEPIA (http://gepia.cancer-pku.cn/) is an online database based on TCGA and GTEx data that provides crucial

interactive and customizable functions, such as differential expression analysis in multiple types of human cancers and
their adjacent normal tissues, patient survival analysis, and correlation analysis between any two molecules.!” GEPIA
was used to analyze the correlation expression between PFKFB3 and immune cells and immune checkpoint markers in
LUAD. |R] > 0.1 and p < 0.05 were set as the selection criteria for identifying as statistically significant.
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Cell Culture

A549 (cat. no. SCSP-503) and H1299 (cat. no. SCSP-589) were purchased from the cell bank of the Chinese Academy of
Sciences (Shanghai, China). 16HBE (cat. no. CL-0249) was purchased from Procell Life Science & Technology
Company (Wuhan, China). Cells were maintained in RPMI-1640 medium (Servicebio, Wuhan, China) supplemented
with 10% fetal bovine serum (FBS; AusGeneX, Brisbane, Australia) and 1% penicillin/streptomycin solution.

Western Blotting

Protein was extracted from cells and tissues using RIPA lysis buffer supplemented with phenylmethylsulfonyl fluoride
(Biotite Biotechnology, Shanghai, China). After incubating at 4°C for 30 min, the proteins were centrifuged at
12,000 rpm for 30 min. Thirty micrograms of protein were separated using sodium dodecyl sulphate—polyacrylamide
gel electrophoresis gel, and then transferred onto polyvinylidene difluoride (PVDF) membranes. After blocking with 5%
skim milk at room temperature for 2 h, the membranes were incubated with rabbit anti-GAPDH polyclonal antibody (cat.
no. 10494-1-AP, Proteintech, Wuhan, China) and rabbit anti-PFKFB3 polyclonal antibody (cat. no. 13763-1-AP,
Proteintech, Wuhan, China) at 4°C overnight, respectively. The membranes were then incubated with donkey HRP-
conjugated anti-rabbit secondary antibody (cat. no. ab216773, Abcam, Cambridge, MA, USA) for 2 h at room
temperature. The bands were detected by enhanced chemiluminescence (ECL) kit (BIO-RAD, USA).

Immunohistochemistry

After dewaxing, hydration, antigen retrieval, and adding endogenous peroxidase and a series of treatments, the LUAD
and adjacent normal tissues were stained with rabbit anti-PFKFB3 (cat. no. 13763-1-AP, Proteintech, Wuhan, China) at
room temperature for 1 h, followed by staining with anti-rabbit secondary antibody (HRP) at room temperature for ~30
min. Finally, the images were captured using a Smart digital camera (JEDA, Nanjing, China).

Statistical Analysis

All experiments were conducted at least three times. Data are presented as the mean + standard error of mean (SEM).
GraphPad Prism (version 6.01; GraphPad Software, Inc, San Diego, CA, USA) was used to create the visualizing graphs.
For statistical analyses between different treatment groups, a parametric two-sided s-test was used. The statistical
analyses in this study were calculated using the online database mentioned above. P < 0.05 or log rank p < 0.05 was
considered statistically significant.

Results

Expression of PFKFB3 mRNA in Human Cancers

To analyze mRNA expression in different types of human cancers, we used the Tumor Immune Estimation Resource
(TIMER) database (https://cistrome.shinyapps.io/timer/) and found that PFKFB3 mRNA expression was significantly
downregulated in bladder urothelial carcinoma (BLCA), breast invasive carcinoma (BRCA), kidney chromophobe

(KICH), kidney renal papillary cell carcinoma (KIRP), liver hepatocellular carcinoma (LIHC), LUAD, lung squamous
cell carcinoma (LUSC), and prostate adenocarcinoma (PRAD). In addition, the mRNA expression of PFKFB3 was
significantly higher in cholangiocarcinoma (CHOL), colon adenocarcinoma (COAD), head and neck squamous cell
carcinoma (HNSC), kidney renal clear cell carcinoma (KIRC), stomach adenocarcinoma (STAD), and thyroid carcinoma
(THCA) than in their paired normal tissues (Figure 1A). To verify the accuracy of the analysis from the database, we
downloaded LUAD data from the Cancer Genome Atlas (TCGA) database (https://portal.gdc.cancer.gov/) and discovered
that the level of PFKFB3 mRNA was lower in LUAD than in paracancerous tissues (Figure 1B). Similar results were
obtained from the UALCAN database (http://ualcan.path.uab.edu/) (Figure 1C). In brief, the result was inconsistent

among previous research and multiple online databases.
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Figure | Expression analysis of 6-phosphofructo-2-kinase (PFKFB3) mRNA and protein in lung adenocarcinoma (LUAD).

Notes: (A) Expression of PFKFB3 mRNA in multiple human cancers based on the Cancer Genome Atlas (TCGA) database (ttps://portal.gdc.cancer.gov/) of cancer and
normal tissues. (B) PFKFB3 mRNA expression in LUAD from data downloaded from the TCGA database. (C) Expression of PFKFB3 mRNA in LUAD from the UALCAN
database (http://ualcan.path.uab.edu/). (D) Expression of PFKFB3 protein in LUAD from the UALCAN database (http://ualcan.path.uab.edu/). (E) Expression of PFKFB3
protein in LUAD and adjacent normal tissues as determined by Western blotting. (F) Expression of PFKFB3 protein in various LUAD cell lines (H1299, A549) and in
a normal lung cell line (16HBE) as determined by Western blotting. (G) Immunohistochemistry stain used to detected PFKFB3 protein levels in LUAD tissues and normal
lung tissues. Scale bars: 20um. *p < 0.05, **p < 0.01, **p < 0.001.
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Protein Expression of PFKFB3 in LUAD

To investigate the level of PFKFB3 protein expression, we examined the UALCAN database (http://ualcan.path.uab.edu/)

and discovered that the PFKFB3 protein level was higher in LUAD than in normal tissues (Figure 1D). In support of this,
Western blotting and immunohistochemistry (IHC) were conducted (Figure 1E-G). PFKFB3 staining was localized in the
cell membrane and cytoplasm.

Relationship Between PFKFB3 Expression and Clinicopathological Parameters
We also used the UALCAN database (http://ualcan.path.uab.edu/) to analyze the relationship between PFKFB3 expres-
sion and the clinicopathological parameters in LUAD patients. Obviously, the differences in PFKFB3 mRNA were

related to age, sex, race, smoking habits, disease stage, and nodal metastasis status (Figure 2).

PFKFB3 Enrichment

Gene ontology (GO) analysis was conducted using the LinkedOmics database (www.linkedomics.org/) to clarify the

biological function of PFKFB3 expression. As shown in Figure S1A—C, PFKFB3 expression was most positively related to
extracellular structure organization and negatively associated with the mitochondrial respiratory chain complex assembly as
they related to biological progress. From the perspective of cellular components, ECM and the mitochondrial protein complex
were the most prominent signaling pathways related positively and negatively to PFKFB3, respectively. Molecular function
showed that PFKFB3 expression had a positive connection to cytokine binding and a negative connection to rRNA binding.

Prediction and Analyses of Upstream PFKFB3 miRNAs

It has been widely acknowledged that ncRNAs are responsible for the regulation of gene expression.'®' To
ascertain whether PFKFB3 was modulated by some specific ncRNAs, we first predicted upstream miRNAs that
could potentially bind to PFKFB3 and chose seven miRNAs as molecular candidates. To improve visualization,
a miRNA-PFKFB3 network was established using Cytoscape (https://cytoscape.org/) (Figure 3A). We then analyzed

the correlation between PFKFB3 and each of candidate miRNAs using starBase website (https://starbase.sysu.edu.

cn/). The results in Figure 3B—H show a positive correlation between miR-133b and PFKFB3. The remaining five
miRNAs were negatively correlated with PFKFB3 after ruling out miR-3666, which showed no relationship to
PFKFB3. In addition, there was no statistical relationship between PFKFB3 and miR-20b-5p. We then attempted to
determine whether each miRNA had a significant difference in expression between cancer and adjacent normal
tissues as well as the overall survival rate. Last, we determined the expression and prognostic value of miR-17-5p
(Figure 4A-I). To sum, miR-17-5p was markedly upregulated in LUAD and this upregulation was positively linked
to patient prognosis. These findings suggested that miR-17-5p might be the most potential regulatory PFKFB3
miRNA in LUAD.

Prediction and Analysis of Upstream Long Noncoding RNAs of miR-17-5p

We then predicted the potential long noncoding (Inc)RNAs of miR-17-5p using starBase v 3.0 and found 216
possible IncRNAs. Considering the correlation between each IncRNA and each miRNA, the differential expression
of each IncRNA between LUAD and normal tissues and whether their overall survival is meaningful, AP000845.1,
HAGLR, LINCO01798, and LINC02086 were chosen as candidate IncRNAs (Figure 5SA—L). To further investigate,
AP000845.1 and LINCO02086 were positively correlated with miR-17-5p, while the other two were negatively
correlated. In addition, the expressions of HAGLR and LINC01798 were downregulated in LUAD, and their
downregulation was associated with a poor positive prognosis; however, there were exceptions. Even though the
expression of AP000845.1 was higher in cancer than in adjacent normal tissue, its upregulation was negatively
correlated with a poor prognosis. We could conclude that AP000845.1, HAGLR, LINCO01798, and LINC02086
were the most potential upstream IncRNAs of the miR-17-5p/PFKFB3 axis in LUAD.
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PFKFB3 Positively Correlates with Immune Cell Infiltration in LUAD
As a key regulator of glycolysis, PFKFB3 plays an important role in oncogenesis and TME. As shown in Figure 6A,

compared with the normal level, the arm-level gain appeared in the B cells, CD4+ T cells, and dendritic cells. At the

tumor-infiltration level in the macrophage cell, deep deletion and high amplification were obtained at the same time.

There were no significant changes in immune cell infiltration level in the CD8+ T cells and neutrophils. Next, we
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Notes: (A-E) Expression of each miRNA in LUAD and adjacent normal tissues determined by starBase database. (F-I) Survival analysis of each miRNA in LUAD. ***p <

0.0001.

investigated the correlation between PFKFB3 and each immune cell. It was obvious that PFKFB3 had a positive
relationship with B cells, CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells. Among these,
PFKFB3 had the most significant correlation with dendritic cells in LUAD (Figure 6B—-G).

Expression Correlation of PFKFB3 and Biomarkers of Immune Cells in LUAD

To explore the role of PFKFB3 in tumor immunity, we verified the expression correlation of PFKFB3 with biomarkers of
immune cells in LUAD using the Gene Expression Profiling Interactive Analysis (GEPIA) database (http://gepia.cancer-
pku.cn/). As listed in Table 1, PFKFB3 had a positive correlation with the biomarker of CD4+ T cells (CD4), M1

774 https: OncoTargets and Therapy 2023:16

Dove!


http://gepia.cancer-pku.cn/
http://gepia.cancer-pku.cn/
https://www.dovepress.com
https://www.dovepress.com

Dove Gu et al
hsa-miR-17-5p vs. AP000845. 1, 512 samples (LUAD) hsa-miR-17-5p vs. HAGLR, 512 samples (LUAD) hsa-miR-17-5p vs. LINCO1798, 512 samples (LUAD)
Data Source starfase v3.0 project Data Source: starase v3.0 project Data Source starBase v3.0 project
= Rearession (y = 0.2064x - 5.2474) [ Rearession (v = “0A789% + 6.3784) — Regression (y = ~0.1610x - 3.0134)
| ® r=0.192 p-value = 1.25¢-05 . | ® r=-0237, p-value = 5.44e-08 = -0.133, p-value = 2.50e-03
= i [ g .
: . E
g 5 )
3 g S
[ H
s ¥ E
&
g g o H
g ) B
& 5 5
§ - R s
g g
g . Ty ¥
. - - - |
s 1 )
. 6 ’ 5 4 1 2 s . : s s 10 w1 ¢ } 1 5 1 n o
hsa-miR=17-5p, Expression level: log2(RPM +0.01) hsa-miR~17-5p, Expression level: log2(RAMA+0,01) hsa-miR-17-5p, Expression level: 1092(RPM+0,01)
hsa-miR-17-5p vs. LINC02086, 512 samples (LUAD) AP000845.1 with 526 cancer and 59 normal samples in LUAD HAGLR with 526 cancer and 59 normal samples in LUAD
Data Source: starBase v3.0 project Data Source. starBase v3.0 project Data Source. starBase v3.0 project
L] 78
1= Regressi Y A
! = 0.095, p-val
& . A .
. g9 5 1
H —— 2 ———
£ . B
5 F . x
; : - B3 P
: i - :
z i 3 . 2
R4 3 g
& e . g 4
g o —
£
-8 rs
- Cancer log2(FPKM: Noemal log 2(FPKM) Cancer log2(TPKM) Normal log2(FPKM)
B 6 7 5 5 0 2
hsa-miR-17-5p, Expression level: log2(RPM=0.01) e e S RSAPISCRI G CAN w preicts
LINC01798 with 526 cancer and 59 normal samples in LUAD LINC02086 with 526 cancer and 59 normal samples in LUAD
Data Source: starBase v3.0 project Data Source. starKase v3.0 project __ proup
2 s 0,
— g0
g * % % ° kA A g
=0 E - 28 — 075 + (mgn1)
E § 3 2 : + town
2 3 — z 3
g x 4 E s . Raso
o = - 5 = g
3 £ -
£ : £ s 025
- e H .
- S s — 0.00
= ° .
. . o s 100 150 200 2%
Time(months)
- -73
Cancer log2(FPKM) Normal log20FPEM) Cancer log2(FPKM) Normal log2(FPRM)
Box plot jons. Box plot O Gene expressions
= group = _ group group
1.00] 1.00 | 1.00
—ow — high — ngh
—high — low — ow
07s{ + (omy) 075{ + (it 075 + (high)
3 + (high1) _g + (o, -;u + (low1)
; g 8
g g g
b b b
4 e 2
023 0.2 0.25
0.00{ 0.00 0.00
° % 100 130 200 2% ° 30 100 150 200 30 ° s 100 %0 0 2%
Time(months) Time(months) Time(months)

Figure 5 Expression and survival analyses for upstream long noncoding (Inc)RNAs of miR-17-5p in lung adenocarcinoma (LUAD).
Notes: (A-D) Correlation expression analyses between miR-17-5p and predicted IncRNAs. (E-H) Expression of each candidate IncRNA in LUAD and normal controls. (I-
L) Survival analyses of candidate IncRNAs in LUAD determined using starBase. ***p < 0.001, ****p < 0.0001.

OncoTargets and Therapy 2023:16

https:

Dove:

775


https://www.dovepress.com
https://www.dovepress.com

Gu et al Dove
A
LUAD
x TR [ -k >3
*
1.54
g . Copy Number
= 1.0 @ Deep Deletion
S B3 Arm-level Deletion
® & Diploid/Normal
= » B3 Arm-level Gain
T 0.51 :'3, = B High Amplication
— o E o . o®
pibd . 08 é&llé' id . wbid
- - wEERP <EE0- L0, woodd
B Cell CD8+TCell CD4+TCell Macrophage  Neutrophil  Dendritic Cell
B Cell CD8+ T Cell CD4+T Cell
° partial.cor = 0.139 partial.cor = 0.18 LI partial.cor = 0.289
e p =2.13e-03 ° o o P =9.72e-11

PFKFB3 Expression Level (log2 TPM) ™

PFKFB3 Expression Level (log2 TPM) ™M

o L]

01

02 03 o :

) 0.0 04 05
Infiltration Level
Macrophage
L4 partigl.cor =0.274
+ 2 .op=8.4e—10

Infiltration Level

PFKFB3 Expression Level (log2 TPM) O

PFKFB3 Expression Level (log2 TPM) ™

([ d
©o
L ]
L ]
0.0 0.2 0.4 0.6
Infiltration Level
Neutrophil
° " partial.cor = 0.31
° 3 p=3.01e-12

Infiltration Level

Figure 6 Relationship of immune cell infiltration with 6-phosphofructo-2-kinase (PFKFB3) levels in LUAD.
Notes: (A) Infiltration level of various immune cells under different copy numbers of PFKFB3 in LUAD. (B-G) Correlation of PFKFB3 expression level with B cells (B),
CD8+ T cells (C), CD4+ T cells (D), macrophages (E), neutrophils (F) or dendritic cells (G) infiltration levels in LUAD. **p <0.01, ***p < 0.001.

PFKFB3 Expression Level (log2 TPM) O

PFKFB3 Expression Level (log2 TPM) ®

02 03 04 05

Infiltration Level

Dendritic Cell

¥ partial.cor = 0.347

Infiltration Level

776

https:

Dove!

OncoTargets and Therapy 2023:16


https://www.dovepress.com
https://www.dovepress.com

Dove

Gu et al

Table | Correlation Analysis Between 6-Phosphofructo-2-Kinase
(PFKFB3) and Biomarkers of Inmune Cells in Lung Adenocarcinoma

(LUAD) Determined Using the Gene Expression Profiling
Interactive Analysis Database (GEPIA)
Immune Cell Biomarker R value P value
B cell CDI19 —0.085 0.014*
CD79A —0.16 5.1E-06™**
CD8" T cell CDS8A 0.065 0.061
CD8B —-0.034 0.32
CD4" T cell CD4 0.22 | .5E-| Q¥
M| macrophage NOS2 0.18 | .9E-Q7***
IRF5 0.13 9.7E-Q5%#*
PTGS2 0.48 (Vg
M2 macrophage CDl63 0.11 0.0013%*
VSIG4 0.023 0.51
MS4A4A 0.082 0.018*
Neutrophil CEACAMS8 0.21 | 1E-09***
ITGAM 0.34 0
CCR7 —-0.025 0.47
Dendritic cell HLA-DPBI -0.015 0.67
HLA-DQBI 0.0015 0.97
HLA-DRA —-0.057 0.1
HLA-DPAI 0.01 0.77
CcDIC —-0.091 0.0086**
NRPI 0.30 (Vo
ITGAX 0.49 (e

Notes: *P value < 0.05; **P value < 0.01; ***P value < 0.001. Gene Expression Profiling

Interactive Analysis database, http://gepia.cancer-pku.cn/.

macrophage cells (NOS2, IRF5, PTGS2), M2 macrophage cells (CD163, MS4A4A), neutrophil cells (CEACAMS), and
dendritic cells (CDC1, NRP1, ITGAX), respectively; however, the expression of PFKFB3 was negatively correlated with
that of B cells (CD19, CD79A). Furthermore, there was no correlation between the levels of PFKFB3 and CD8+ T cells.
To further confirm the findings above, we analyzed the correlation between PFKFB3 expression and the other cells
mentioned above in the TIMER database (https://cistrome.shinyapps.io/timer/) (Table 2). To some extent, the results were

Table 2 Correlation Analysis Between 6-Phosphofructo-2-Kinase (PFKFB3) and Biomarkers of Immune Cells
in Lung Adenocarcinoma (LUAD) Determined Using Tumor Immune Estimation Resource (TIMER) Database

Immune Cell Biomarker None Cor P value Purity Cor P value
B cell CDI9 0.136 1.93E-03** 0.093 3.81E-02*
CD79A 0.147 8.05E-04F* 0.115 7.17E-27%
CD8" T cell CD8A 0.142 1.25E-03** 0.106 | .88E-02*
CD8B 0.058 1.88E-01 0.011 8.01E-0I
CD4" T cell CD4 0.352 1.83E- 1 6%+ 0.342 5.69E-| 5%+
(Continued)
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Table 2 (Continued).

Immune Cell Biomarker None Cor P value Purity Cor P value
M1 macrophage NOS2 0.202 3.85E-06*** 0.173 |1 1E-04%¥*
IRF5 0.333 |.35E- | 4k 0.309 2.1 4E- | 2%k
PTGS2 0.229 | .62E-Q7%* 0.229 2.89E-Q7+#*
M2 macrophage CDl63 0.366 2.2E-| 8¥#k 0.359 |.82E- | g
VSIG4 0.243 2.45E-08*#* 0.227 3.47E-Q7+k¢
MS4A4A 0.248 | .25E-08% 0.225 4.47E-Q7¢*
Neutrophil CEACAMS8 0.116 8.56E-03** 0.107 1.77E-02%
ITGAM 0.376 Otk 0.37 2.01E-| 7%
CCR7 0.24 3.76E-08%** 0.204 4.90E-06***
Dendritic cell HLA-DPBI 0.233 8.6 E-08*** 0.211 2.29E-06%F*
HLA-DQBI 0.225 2.36E-07+#* 0.205 4.4 E-06%F*
HLA-DRA 0.21 1.53E-06%** 0.185 3.75E-05%#*
HLA-DPAI 0.255 4.76E-09%** 0.236 1. 10E-Q7%#*
CDIC 0.189 |.63E-05%** 0.158 4.16E-04%*
NRP| 0.424 Qi 0.412 1.29E-2 |k
ITGAX 0.361 2.64E- | 7% 0.352 8.02E- | 6%+

Notes: *P < 0.05; **P < 0.01; ***P < 0.001. Tumor Immune Estimation Resource (TIMER) database, https://cistrome.shinyapps.io/timer/.

roughly consistent with findings above except that the correlation between PFKFB3 and B cell was positive and PFKFB3
had a positive connection with CDSA.

Relationship Between PFKFB3 and Immune Checkpoints in LUAD

It is well known that PD1/PD-L1 and CTLA-4 are very important immune checkpoints that could be used by tumors to
avoid immunity and be able to evade immune surveillance.”” Because PFKFB3 was considered to have a potential
oncogenic role in LUAD, the relationship between PFKFB3 and PD1, PD-L1, or CTLA-4 was assessed. The expression
of PFKFB3 that was positively correlated with PD1, PD-L1, and CTLA-4 was observed (Figure 7A—C). Similar results
were shown in GEPIA (Figure 7D-F); therefore, it could be concluded that tumor immune escape might play
a significant role in PFKFB3-mediated carcinogenesis of LUAD.

Discussion
As we know, the prognosis of patients with LUAD is still not satisfactory because of the efficacy of treatment and
whether there is brain metastasis. Understanding its mechanism of occurrence and development may provide new
methods and ideas for the treatment of LUAD; therefore, seeking new molecular prognostic markers is essential.
There is growing evidence demonstrating that PFKFB3 plays an important role in promoting tumor progression in
different kinds of human cancers,?' such as ESCC,?? LUAD. In addition, in our previous study, we have found that
PFKFB3 is an oncogene in LUAD tumor progression and concluded that targeting PFKFB3 may become a promising
therapy,” however, fewer samples were collected, and the clinical value was not analyzed.

In the present study, we conducted the mRNA expression of PFKFB3 in LUAD from the TIMER database (https://
cistrome.shinyapps.io/timer/) and validated by TCGA LUAD (https://portal.gdc.cancer.gov/) data in the UALCAN
database (http://ualcan.path.uab.edu/). Interestingly, the outcomes obtained from several databases were different from

the studies we found before. Considering the count and purity of lung samples, we presume that this may be one of the
reasons for the difference; therefore, the sample size should be increased for verification in the future. Next, we explored
the protein level of PFKFB3 in LUAD from the UALCAN database (http://ualcan.path.uab.edu/) and conducted Western
blotting and immunohistochemistry (IHC) analyses for further validation. We proved that the mRNA expression level of
PFKFB3 was definitely downregulated in LUAD and concluded that the mRNA and protein expression of PFKFB3 were
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with expression of CTLA-4 in LUAD adjusted by purity using TIMER. (D) The expression correlation of PFKFB3 with PD-1 in LUAD determined using the Gene Expression
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contrary. This situation may be explained from the following aspects. First, deubiquitination has been reported to be an
important post-translational modification and plays a vital role in tumor progression and multiple metabolic
pathways.>*** Deubiquitination is catalyzed by deubiquitinating enzymes (DUBs) which could remove ubiquitin from
ubiquitinated proteins and rescue proteins from degradation. *° Second, RNA methylation modification may become
another possibility. For example, m1A methylation modification has been found to increase translation rates.”® Moreover,
m6A methylation modification could also promote translation efficiency by binding to a m6A site.?” In terms of analysis
related to clinical characteristics, the expression of PFKFB3 generally increased with tumor stage and nodal metastasis of
LUAD. Even though related research has demonstrated that rho-associated coiled-coil-containing protein kinase 2 could
stabilize PFKFB3 expression and promote osteosarcoma growth and metastasis,”® how PFKFB3 regulates tumor
progression through certain signaling pathways remains unclear.

It has been acknowledged that ncRNA contains miRNA and IncRNA. They have been reported to function by
regulating the expression of angiogenesis-related factors, endothelial cell proliferation, cell migration, and tube
formation.”” The competitive endogenous RNAs (ceRNA) hypothesis was first proposed in 2011 and demonstrated
that ceRNAs could regulate the expression of downstream mRNA by combining shared miRNAs and may become an
ignored factor resulting in diseases.>® MiRNA is a class of noncoding single-stranded RNA molecules with a length of
approximately 22 nucleotides encoded by endogenous genes. They are involved in post-transcriptional gene expression
regulation in animals and plants.®' To explore the possible upstream molecule of PFKFB3, we introduced three programs
—miRDB, Targetscan, and miRWalk databases. At the end, seven miRNAs were obtained. Most miRNAs have been
reported to promote the progression of human cancer. For example, miR-17-5p promoted gastric cancer progression by
targeting runt-related transcription factor 3,’* miR-106a-5p could promote 5-FU resistance and the metastasis of CRC,*
and miR-133b could inhibit proliferation, invasion, and migration of LUAD cells by targeting CDCAS8.** After
conducting expression and survival analyses, only miR-17-5p proved to be significant; therefore, we chose it as the
most potential upstream molecule that could bind to PFKFB3. Currently, miR-17-5p was reported to play a role in the
progression of hepatocellular carcinoma,®” gastric cancer®” and others.

PFKFB3 is a key enzyme in the process of glycolysis, and its production of fructose-2,6-bisphosphatase (F26BP)
promotes the glycolysis mechanism by activating PFK-1.°® The role of PFKFB3 was different from other biomarkers

3840 there are

such as GLUT and p16.>” Even though studies on upstream PFKFB3 have been reported in other cancers,
few reports on how the miR-17-5p/PFKFB3 axis regulates lung tumor progression; therefore, we predicted the upstream
IncRNAs of miR-17-5p and selected 216 IncRNAs for further investigation. By analyzing the correlation, expression, and
survival analyses, we found that LINC01798, LINC02086, AP000845.1, and HAGLR were the most promising
IncRNAs. According to the latest research, the LINc02086/miR-770-5p/SLC26A2 axis promoted migration in laryngeal
squamous cell carcinoma,*' and HAGLR could promote the development of CRC by the miR-185-5p/CDK4/CDK6 axis
and exacerbate the progression of hepatocellular carcinoma by negatively regulating miR-6785-5p.**** Taken together,
LINCO01798, LINC02086, AP000845.1, and the HAGLR/miR-17-5p/PFKFB3 axis may be the potential regulatory
pathways in LUAD.

Increasing evidence has suggested that TME is a vital component in promoting tumor progression.***> In our
research, the expression of PFKFB3 was significantly positively correlated with most immune cells, including B cells,
CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells in LUAD. In addition, PFKFB3 had a positive
correlation with several immune cell biomarkers. These findings indicated that tumor immune infiltration might play an
important role in PFKFB3-mediated tumorigenesis.

Several studies have demonstrated that immunotherapy, such as PD-1/PD-L1 immune checkpoint inhibitors, have had
some success in solid tumors, but in lung cancer, especially in advanced LUAD, the prognosis and survival benefit are
still poor.*®*” Here, we also assessed the relationship between PFKFB3 and immune checkpoints, including PD-1, PD-
L1 and CTLA-4. It was obvious that the expression of PFKFB3 was positively correlated with immune checkpoints,
indicating that targeting PFKFB3 might become a direction of immunotherapy, thereby improving the effectiveness of
immunotherapy. According to the latest analysis of the neoadjuvant therapy for lung cancer, compared with patients
receiving single-agent immunotherapy, patients treated with neoadjuvant immunotherapy presented significant advan-
tages in the respect of pathological response. Moreover the safety and validity could be better than traditional therapy.*®
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Conclusion

Overall, we demonstrated that the mRNA of PFKFB3 was upregulated in LUAD while its protein level was higher in
LUAD than in adjacent normal tissues. We identified possible upstream regulatory mechanisms of PFKFB3 in LUAD,
the LINCO01798/LINC02086/AP000845.1/HAGLR-miR-17-5p-PFKFB3 axis (Figure 8). Furthermore, our research illu-
strated that PFKFB3 might exert its oncogenic roles by increasing tumor immune cell infiltration and immune checkpoint
expression; however, much more basic studies conducted and clinical data must be compiled in the future.
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