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Abstract 

Background  The protein tyrosine phosphatase H receptor (PTPRH) is known to regulate the occurrence and devel-
opment of pancreatic and colorectal cancer. However, its association with glycolysis in non-small cell lung cancer 
(NSCLC) is still unclear. In this study, we aimed to investigate the relationship between PTPRH expression and glucose 
metabolism and the underlying mechanism of action.

Methods  The expression of PTPRH in NSCLC cells was evaluated by IHC staining, qRT‒PCR and Western blotting. The 
effect of PTPRH on cell biological behavior was evaluated by colony assays, EdU experiments, Transwell assays, wound 
healing assays and flow cytometry. Changes in F-18-fluorodeoxyglucose (18F‐FDG) uptake and glucose metabo-
lite levels after altering PTPRH expression were detected via a gamma counter and lactic acid tests. The expression 
of glycolysis-related proteins in NSCLC cells was detected by Western blotting after altering PTPRH expression.

Results  The results showed that PTPRH was highly expressed in clinical patient tissue samples and closely related 
to tumor diameter and clinical stage. In addition, PTPRH expression was associated with glycometabolism indexes 
on 18F-FDG positron emission tomography/computed tomography (PET/CT) imaging, the expression level of Ki67 
and the expression levels of glycolysis-related proteins. PTPRH altered cell behavior, inhibited apoptosis, and pro-
moted 18F-FDG uptake, lactate production, and the expression of glycolysis-related proteins. In addition, PTPRH 
modulated the glycometabolism of NSCLC cells via the phosphatidylinositol-3-kinase (PI3K)/protein kinase B (AKT)/
mammalian target of rapamycin (mTOR) signaling pathway, as assessed using LY294002 and 740Y-P (an inhibitor 
and agonist of PI3K, respectively). The same results were validated in vivo using a xenograft tumor model in nude 
mice. Protein expression levels of PTPRH, glycolysis-related proteins, p-PI3K/PI3K and p-AKT/AKT were measured 
by IHC staining using a subcutaneous xenograft model in nude mice.

Conclusions  In summary, we report that PTPRH promotes glycolysis, proliferation, migration, and invasion 
via the PI3K/AKT/mTOR signaling pathway in NSCLC and ultimately promotes tumor progression, which can be regu-
lated by LY294002 and 740Y-P. These results suggest that PTPRH is a potential therapeutic target for NSCLC.
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Graphical Abstract

Background
The morbidity and mortality associated with non-small 
cell lung cancer (NSCLC) are increasing [1]. Despite 
advances in the diagnosis and treatment of patients with 
NSCLC,  significant difficulties related to clinical treat-
ment still exist [2]. Therefore, there is a crucial need to 
conduct in-depth research on the mechanisms of NSCLC 
lesion progression and explore new key targets; for exam-
ple, targeted energy metabolism therapy for tumors has 
received considerable attention and has potential clinical 
significance [3].

Aerobic glycolysis is a crucial characteristic of energy 
metabolism in tumor cells. Under aerobic conditions, 
malignant tumors obtain adenosine triphosphate via 
glycolysis; this metabolic phenomenon is called aerobic 
glycolysis, also known as the “Warburg effect” [4]. This 
effect is also the molecular biological basis for the use of 
F-18-fluorodeoxyglucose positron emission tomography/

computed tomography (18F‐FDG PET/CT) in oncol-
ogy [5, 6]. 18F‐FDG PET/CT is a powerful imaging tool 
that provides valuable functional information based on 
the increased glucose uptake and glycolysis of cancer 
cells. The main mechanisms of 18F‐FDG uptake involve 
increased expression of glucose transporters on the cell 
membrane and rate‐limiting glycolytic enzymes. Previous 
studies have shown that GLUT1 and GLUT3 are highly 
expressed in various cancers  and can  transport glucose 
and 18F-FDG   [7]. Hexokinase is the first rate-limiting 
enzyme in cell glycolysis and can further phosphoryl-
ate 18F-FDG in cells [8]. As a key rate-limiting enzyme 
in the glycolytic pathway, PKM2 plays a crucial role in 
tumor cell metabolism and proliferation [9]. LDHA cat-
alyzes the conversion of pyruvate to lactate and is a key 
enzyme in glycolysis [10]. Therefore, changes in glycoly-
sis in NSCLC are reflected by changes in the expression 
of GLUT1, HK2, PKM2, and LDHA. Protein kinase B 



Page 3 of 21Wang et al. Journal of Translational Medicine          (2023) 21:819 	

(AKT) is known as "Warburg kinase," and it promotes 
tumor cell metabolic reprogramming and increases cell 
invasiveness [11]. The phosphatidylinositol-3-kinase 
(PI3K)/AKT/mammalian target of rapamycin (mTOR) 
signaling pathway has multiple functions related to the 
regulation of various biological behaviors in tumor cells 
and plays a crucial role in the occurrence and develop-
ment of NSCLC [12, 13]. Tumor cells obtain a large 
amount of energy via glycolysis while also providing 
intermediate products for other metabolic pathways. 
Cutting off the energy source should be the first step in 
blocking tumor growth. Therefore, finding key targets for 
the regulation of NSCLC aerobic glycolysis is a feasible 
strategy for treating tumors and an important means of 
improving prognosis. The combination of immunother-
apy, chemotherapy, and aerobic glycolysis-targeted ther-
apy is a very promising tumor treatment approach for 
clinical practice.

The dynamic balance between protein phosphoryla-
tion and dephosphorylation is controlled by the activity 
of receptor tyrosine kinases (RTKs) and protein tyrosine 
phosphatases (PTPs). This abnormal change in enzyme 
activity balance play critical roles in tumorigenesis [14, 
15]. RTKs are recognized as carcinogenic factors for 
various types of malignant tumors [16, 17]. Carcinogenic 
RTKs can activate downstream signaling pathways and 
mediate tumor cell metabolic reprogramming via differ-
ent mechanisms, thereby affecting glycolysis in tumors 
[15, 17–20]. In recent years, targeted therapy based on 
RTKs has shown promise after preliminary use in clini-
cal practice. However, clinical recurrence is also common 
due to acquired resistance to these molecular therapies 
[21]. PTPs which play a crucial role in this collabora-
tive process, can directly control the activation of RTKs 
or indirectly regulate the signaling pathway downstream 
of RTKs by playing positive or negative roles  to  tumor 
progression. Thus, PTPs play a crucial role in cancer 
development [22]. The most common mutation in the 
PTP family occurs in the gene that encodes the protein 
tyrosine phosphatase H receptor (PTPRH) [23]. PTPRH 
is mainly expressed in gastrointestinal epithelial cells 
and is localized in the microvilli of these cells, indicating 
that PTPRH may play a role in maintaining microvillus 
structure [24]. Recent studies have shown that PTPRH 
regulates the occurrence and development of colorectal 
cancer and NSCLC [24–26]. PTPRH plays an increasingly 
important role in the progression of different tumors by 
regulating cell proliferation, migration, and invasion [27]. 
However, the correlation of PTPRH expression with glyc-
olysis in NSCLC remains unclear. In this study, we aimed 
to investigate the relationship between PTPRH expres-
sion and glucose metabolism and the underlying mech-
anism of action. Based on a literature search, we found 

that PTPRH is highly expressed in NSCLC and is closely 
associated with poor prognosis. In addition, gene set 
enrichment analysis (GSEA) demonstrated that PTPRH 
is highly enriched in the PI3K/AKT/mTOR pathway, sug-
gesting that PTPRH may affect the cell cycle, apoptosis, 
and glycolysis through the PI3K/AKT/mTOR signaling 
pathway. Our findings indicate that PTPRH promotes 
NSCLC progression and may be an important prognostic 
marker of metastatic and advanced NSCLC.

Methods
Bioinformatics analyses
The clinical data and mRNA sequences of 351 patients 
with NSCLC were obtained from The Cancer Genome 
Atlas (TCGA) (https://​cance​rge-​nome.​nih.​gov/). In addi-
tion, we analyzed the Gene Expression Omnibus (GEO) 
expression profiles of GSE31210 (90 NSCLC samples) 
and GSE30219 (300 NSCLC samples). We collected data 
on PTPRH expression and the integrin family for each 
case.

The differences in function between the gene expres-
sion sets of the two biological states were evaluated using 
GSEA (GSEA v2.2.3; www.​broad​insti​tute.​org/​gsea). With 
annotations based on the Kyoto Encyclopedia of Genes 
and Genomes (KEGG), GSEA was conducted on NSCLC 
data from TCGA to investigate the metabolic pathways 
involved in PTPRH in cells. To evaluate statistical signifi-
cance, a false discovery rate < 0.25 and P < 0.05 were uti-
lized as threshold values.

Patients and clinical information
Eighty patients (45 men and 35 women; mean age, 
59.70 ± 9.49  years) with NSCLC were included in this 
study. All patients underwent 18F-FDG PET/CT before 
treatment at the Department of Nuclear Medicine, 
the First Hospital of China Medical University, between 
June 2018 and August 2020. The inclusion criteria were 
as follows: (1) 18F-FDG PET/CT imaging was performed 
between June 1, 2018, and August 30, 2020; (2) lung can-
cer resection surgery was performed within 1 month 
after imaging, NSCLC was diagnosed post-surgery, and 
the pathological specimen obtained during the sur-
gery contained adjacent lung tissue; and (3) on the day 
of imaging, a fingertip blood sugar measurement after 
6  h of fasting and before 18F-FDG injection was below 
11 mmol/L. Patients were excluded based on the follow-
ing criteria: (1) they were diagnosed with other malignant 
tumors; (2) they had undergone immunotherapy, chemo-
therapy, or radiation therapy  before 18F-FDG PET/CT 
imaging and surgery; or (3) they had accompanying pul-
monary diseases such as tuberculosis or inflammation. 
All procedures involving human studies were approved 
by the Ethics Committee of the First Hospital of China 

https://cancerge-nome.nih.gov/
http://www.broadinstitute.org/gsea
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Medical University (IRB number: AF-SOP-07-1.1-01). 
Demographic and clinical characteristics were recorded 
and analyzed. All the participants signed a written 
informed consent form.

18F‑FDG PET/CT imaging and data analysis
After 6  h of fasting, the patients were administered an 
i.v. injection of 18F‐FDG (3.7 MBq/kg), and after 60 min, 
PET/CT images were acquired using an integrated PET/
CT scanner (Biograph mCT; Siemens, Germany). True 
D software was used to open PET/CT images on the 
Syngo multimedia workplace workstation using a 50% 
threshold value. This software automatically outlines 
the region of interest and extracts indicators, includ-
ing the maximum and mean standard uptake values, 
i.e., SUVmax and SUVmean, respectively, which are cal-
culated automatically, followed by a metabolic tumor 
volume (MTV) measurement. Two nuclear medicine 
experts extracted the relevant parameters based on 
the image analysis method, i.e., total lesion glycolysis 
(TLG) = SUVmean × MTV. Each index was measured 
three times to obtain an average value. Each indicator 
was measured three times, followed by calculation of the 
average value.

Antibodies and reagents
A rabbit anti-PTPRH (NBP2-20005) antibody was pur-
chased from Novus Biologicals (Colorado, USA). Rabbit 
anti-GLUT1 (ab115730) and rabbit anti-HK2 (ab209847) 
were purchased from Abcam (Cambridge,  MA, USA). 
Rabbit anti-PKM2 (#4053), rabbit anti-LDHA (#3582), 
rabbit anti-Akt (#9272), rabbit anti-phospho-Akt 
(Ser473) (#9271), rabbit anti-phospho-PI3K (Thr202/
Tyr204) (#4370), rabbit anti-PI3K (#4257), rabbit anti-
mTOR (#2983), rabbit anti-phospho-mTOR (#5536), and 
mouse anti-β-actin (#3700) were purchased from Cell 
Signaling Technology (Danvers, MA, USA). Matrigel was 
purchased from Corning Inc. (Corning, NY, USA). The 
primary antibody concentration used for Western blot-
ting was 1:1000. The secondary antibody concentration 
used for Western blotting was 1:2000. The antibody con-
centration used for IHC was 1:200.

Immunohistochemical analyses
Eighty NSCLC lesions and 40 adjacent lung tissue sec-
tions were immunostained with an anti-PTPRH anti-
body, and 80 NSCLC sections were immunostained for 
glycolysis-related proteins, i.e., glucose transporter type 
1 (GLUT1), hexokinase 2 (HK2), pyruvate kinase M2 
(PKM2), lactate dehydrogenase A (LDHA) and Ki67, 
using the EliVision two-step staining method. Xeno-
graft tumors were immunostained for the PTPRH, Ki67, 
GLUT1, LDHA, PI3K, phospho-PI3K (p-PI3K), AKT, 
and phospho-AKT (p-AKT) protein. Staining was evalu-
ated by scanning the entire tissue specimen under high 
magnification (×20). Protein expression was visual-
ized and classified based on the percentage of positive 
cells and the staining intensity. Five fields of view were 
selected randomly from each section.

The experimental methods used for immunohisto-
chemical staining have been described previously [28]. 
The scoring criteria for immunohistochemical stain-
ing were as follows: the staining intensity score was 0–3 
points, with colorless, light yellow, brown, and dark 
brown corresponding to 0, 1, 2, and 3 points, respec-
tively. The percentage of positive cells in the same field of 
view was divided into 1–4 points. Cell percentages of < 5, 
5–25, 25–50, 50–75, and > 75% corresponded to 0, 1, 2, 3, 
and 4 points, respectively. The two scores were multiplied 
to obtain the visual field score, and the final score of the 
pathological section was the average of the scores of the 
five fields of view.

Cell lines
The H1299, HCC827, A549, Calu-1, H460, H292, and 
PC9 human NSCLC cell lines and the human bronchial 
epithelial (HBE) cell line were obtained from the Chi-
nese Academy of Sciences (Beijing, China). A549 cells 
were grown in Dulbecco’s modified Eagle’s medium 
(DMEM; HyClone, Logan, UT, USA), whereas H1299, 
HCC827, Calu-1, H460, H292, PC9, and HBE cells were 
grown in Roswell Park Memorial Institute 1640 medium 
(HyClone) supplemented with 10% fetal bovine serum 
(FBS; BI, Kibbutz Beit-Haemek, Israel) at 37  °C and 5% 
CO2.

RNA interference
PTPRH-specific siRNAs (si1 and si2) and negative con-
trol (NC) siRNA were purchased from ViewSolid Biotech 
(Beijing, China). The coding strand sequence of human 
PTPRH si1 was 5′-GCU​CAA​GAA​GUC​ACU​GAA​ATT-
3′ and that of PTPRH si2 was 5′-GCC​UCU​GAU​GAA​
UGA​UGA​ATT-3′. Cells were transfected with siRNAs 

Table 1  Sequences of primers for qRT-PCR

Gene Forward (5′–3′) Reverse (5′–3′)

PTPRH GCC​ATA​GCC​GAG​TGT​GAG​AC CAA​CTC​CAC​AAG​AGG​TAC​ATCG​

18S CCC​GGG​GAG​GTA​GTG​ACG​AAA​
AAT​

CGC​CCG​CCC​GCT​CCC​CAA​GAT​
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using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 
USA) following the manufacturer’s protocol.

Lentiviral construction and transfection
Design and construction of a lentivirus for PTPRH over-
expression with green fluorescent protein (GFP) expres-
sion were performed by Obio Technology Corp., Ltd. 
(Shanghai, China). A549 and NCI-H460 cells were trans-
fected with lentiviral vectors following the manufactur-
er’s instructions. The control cells were transfected with 
an empty vector expressing GFP. PTPRH-overexpressing 
cells were named OE cells, and empty vector cells, i.e., 
NC cells, were used as controls.

RNA isolation and real‑time polymerase chain reaction 
(RT‒PCR)
TRIzol reagent (Invitrogen) was used to isolate total 
RNA from the cultured cells. The concentration of total 
RNA was quantified by measuring the absorbance at 
260  nm. The PrimeScript™ RT Reagent Kit (Takara, 
Japan) was used for mRNA reverse transcription. Real-
time polymerase chain reaction was performed using 
SYBR Premix Ex Taq II (TaKaRa) and an Applied Biosys-
tems® 7500 RT‒PCR System (Thermo Fisher Scientific, 
Waltham, MA, USA) with 18S rRNA as an internal con-
trol. The 2 − ΔΔCt method was used to calculate the fold 
change in the RNA expression of one sample compared 
to the calibration sample. The primer sequences are listed 
in Table 1.

Western blotting
The cells were lysed in a buffer containing 1% Triton 
X-100. Protein lysates were separated by SDS‒PAGE and 
transferred to a polyvinylidene fluoride (PVDF) mem-
brane. The PVDF membranes were blocked using 5% 
skim milk, followed by incubation with the indicated pri-
mary antibodies overnight at 4 °C. After the appropriate 
secondary antibodies were added, proteins were detected 
using an enhanced chemiluminescence reagent and visu-
alized using an electrophoresis Gel Imaging Analysis Sys-
tem (DNR Bio-Imaging Systems, Jerusalem, Israel).

Colony formation assay
Cell viability was determined using the colony formation 
assay. After transfection, cells were seeded at a density of 
500 cells/well in 6-well plates and cultured for 14 days at 
37  °C in a 5% CO2 atmosphere. After 14  days, the cells 
were fixed in 4% paraformaldehyde and then stained with 
crystal violet.

3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide (MTT) assay
Selected cells were incubated in 96-well plates for 24 h, 
and then 20 µL of the MTT reagent (5 mg/L) was added 
per well. After incubation for another 4 h, the cells were 
centrifuged. The supernatant was removed, and 200 µL 
of dimethylsulfoxide was added to the pelleted cells. The 
absorbance was measured at 570 nm.

5‑Ethynyl‑2′‑deoxyuridine (EdU) assay
Selected cells were incubated in 96-well plates for 
24  h. Then, 50  μM EdU (RiboBio, Guangzhou, China) 
was added to each well, and the cells were incubated 
at 37  °C for 2  h before being fixed with formaldehyde 
for 30 min and incubated with glycine for 5 min. After 
being washed with PBS, the cells were reacted with 100 
μL of 1 × Apollo reaction cocktail for 30 min, followed 
by incubation with 1 × Hoechst 33342 (5 g/mL) to stain 
nuclei.

Scratch assay
Selected cells were seeded in 12-well plates. After the 
cells were fully grown, the culture medium was dis-
carded and replaced with PBS. The cells were washed 
3 times with PBS after scratching with a 200 µL pipette 
tip, incubated with 2% FBS for a predetermined time 
and then observed under a microscope (Olympus, 
Tokyo, Japan) and analyzed statistically.

Transwell assay
The Transwell assay was performed in 8 µm Transwell 
chambers. The filters were precoated with Matrigel to 
form a genuine reconstituted basement membrane, fol-
lowed by the addition of culture medium containing 

(See figure on next page.)
Fig. 1  PTPRH is highly expressed in NSCLC and is closely related to poor prognosis. A, B One-way Cox analysis of 10 genes with prognostic value 
in two GEO-independent datasets (GSE31210 and GSE30219). C Genes with prognostic value from one-way Cox analysis of TCGA-LUAD data were 
identified by intersection with genes in the GEO dataset. D Analysis of differentially expressed genes in TCGA-LUAD, presented as volcano plots. 
E–G Correlations of FAM83A, COL11A1, and PTPRH expression with survival prognosis. H Correlation analysis of PTPRH expression with glycolysis. 
I Correlation analysis of PTPRH expression with glycolysis in TCGA pancancer data. PTPRH: protein tyrosine phosphatase H receptor gene; NSCLC: 
non-small cell lung cancer; GEO: Gene Expression Omnibus; TCGA: The Cancer Genome Atlas; LUAD: lung adenocarcinoma



Page 6 of 21Wang et al. Journal of Translational Medicine          (2023) 21:819 

Fig. 1  (See legend on previous page.)
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10% FBS to the lower chambers. Next, 2 × 104 H460 
cells/200 µL and 5 × 104 A549 cells/200 µL were placed 
in the upper chambers. After 24  h, cells remaining on 
the upper membrane were removed with a cotton swab, 
whereas cells that had invaded through the membrane 
were fixed in methanol and stained with Wright–
Giemsa. The cells were then observed under a micro-
scope (Olympus) and statistically analyzed.

Flow cytometry assay
The selected cells were treated for 12 or 24 h, and then, 
the cells were double-stained with annexin V-fluores-
cein isothiocyanate (2  μL) and propidium iodide (PI) 
(4  μL) for 15  min each in the dark for the apoptosis 
experiment. The cells were harvested and fixed with 
70% (v/v) cold ethanol at 4  °C overnight for the cell 
cycle test. After 30 min of incubation with 100 µg/mL 
RNase A and 10 μg/mL PI staining solution in the dark, 
the cells were analyzed using a FACScan flow cytom-
eter (Becton Dickinson, USA). The data were analyzed 
using Cell Quest (USA) and FlowJo software.

Xenograft studies and micro‑PET scans
Four-week-old female BALB/c nude mice (20–25  g) 
were purchased from Beijing Vital River Laboratory 
Animal Technology Co. Ltd. (Beijing, China). The ani-
mals were housed in a specific pathogen-free environ-
ment at the Animal Laboratory Unit of China Medical 
University. All in  vivo experiments were performed 
following the guidelines of the Institutional Review 
Board of China Medical University (IACUC Issue No. 
2023017). Following the recommendations of the Insti-
tutional Animal Care and Use Committee (IACUC) of 
China Medical University, the mice were euthanized 
by CO2 inhalation when the tumor diameter reached 
15  mm. The untransfected A549 cells (3 × 106) were 
suspended in 150 μL PBS and then injected subcutane-
ously into the right scapular region of mice. However, 
A549 cells (3 × 106) expressing empty vector carrying 
short hairpin RNA-NC (sh-NC) or PTPRH knock-
down lentivirus (sh-PTPRH) were injected subcuta-
neously into the dorsal flanks of mice. Measurements 
were recorded once every 3 days after tumor formation. 

The metabolic level of each tumor was measured using 
micro-PET scans (Madic, Shandong, China) with 18F-
FDG. After 6 h of fasting, the mice were injected with a 
radiolabeled probe (370 kBq/g) via the lateral tail vein. 
After 30  min, static PET images were collected under 
2% isoflurane anesthesia. All procedures were super-
vised and inspected by the IACUC and the laboratory 
animal department.

Assay of 18F‑FDG uptake
Cell uptake experiments were performed using 18F‐FDG 
to assess glucose uptake to examine changes in cell 
metabolism. The selected cells were cultured in 6‐well 
cell plates. After 48  h, the cells were washed 3 times 
with phosphate-buffered saline (PBS) and incubated in 
2  mL of DMEM. Then, 18F‐FDG (148  kBq [4  Ci/mL]) 
was added to each well, and the cells were incubated for 
60 min at 37 °C. Whole‐cell lysates were produced using 
1  mL of trypsin‐ethylenediaminetetraacetic acid, and 
radioactivity was measured using a γ‐counter (ZonKia, 
Hefei, China).

Cell metabolism assay
Lactate levels were measured in the cell culture medium 
to examine changes in cellular glucose metabolites. The 
selected cells were cultured in 6‐well cell plates. After 
48 h, the cells were washed, centrifuged, and lysed, and 
lactate concentrations were measured using a Lactate 
Assay Kit (KeyGEN, Nanjing, China) following the man-
ufacturer’s instructions. The optical density was meas-
ured at 530 nm using a microplate reader (Thermo Fisher 
Scientific, Waltham, MA, USA).

Statistical analyses
Measurements were recorded from three independent 
experiments, and the data are shown as the mean ± S.D. 
Correlation analysis was conducted using Spearman cor-
relation analysis, and two-sample t tests were used for 
intergroup comparisons. P < 0.05 indicates a statistically 
significant difference. All statistical analyses were con-
ducted using SPSS statistical software package (version 
26.0), GraphPad Prism 8, and R software (version 3.3.3).

Fig. 2  Correlation of PTPRH expression with 18F-fluorodeoxyglucose (18F-FDG) semiquantitative indicators, the expression of proliferation markers 
and the expression of glycolysis-related proteins. A, B Detection of PTPRH expression by immunohistochemistry (×400). C Correlation of PTPRH 
expression with 18F-FDG accumulation and the expression levels of Ki67. D In patients with high levels of PTPRH expression, immunohistochemical 
staining revealed high expression levels of GLUT1, HK2, PKM2, and LDHA (×400), whereas patients with low levels of PTPRH expression expressed 
low levels of GLUT1, HK2, PKM2 and LDHA (× 400). E The expression levels of PTPRH correlated positively with SUVmax, MTV, and TLG values 
and the expression of Ki67, GLUT1, HK2, PKM2, LDHA. 18F-FDG: 18F-fluorodeoxyglucose; GLUT1: glucose transporter type 1; HK2: hexokinase 2; PKM2: 
pyruvate kinase M2; LDHA: lactate dehydrogenase A; SUVmax: maximum standard uptake value

(See figure on next page.)
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Fig. 2  (See legend on previous page.)



Page 9 of 21Wang et al. Journal of Translational Medicine          (2023) 21:819 	

Results
High expression of PTPRH predicts poor prognosis 
for NSCLC patients
Two independent datasets were downloaded from the 
Gene Expression Omnibus (GEO) database, and the 
prognostic impact of the expression of different mol-
ecules in the tumor samples was sorted from lowest to 
the highest significance according to the P value, fol-
lowed by selection of the top 10 molecules for analysis. 
Genes such as FAM93A, COL11A1, and PTPRH were 
significantly associated with prognosis (Fig.  1A, B), 4 
genes had stable prognostic value (Fig. 1C). In addition, 
the expression of FAM93A, COL11A1, and PTPRH was 
significantly higher in the TCGA dataset than in normal 
tissues (Fig.  1D) and was significantly associated with 
shorter overall survival time in patients (Fig.  1E–G). 
Further analysis revealed that the pancancer correlation 
analysis of PTPRH was most relevant to NSCLC (Fig. 1H, 
I; R2 = 0.468, P < 2.2e−16).

Correlation between PTPRH expression and 18F‑FDG 
semiquantitative indicators, proliferation markers, 
and glycolysis‑related protein expression
We collected 80 pathological specimens from patients 
with NSCLC, and immunohistochemical staining results 
showed that PTPRH expression was significantly higher 
in patients with NSCLC than in adjacent tissues (Fig. 2A, 
B). We retrospectively collected clinical data from 80 
patients with NSCLC, grouped according to age, sex, 
tumor diameter, and clinical tumor stage, to compare 
the relationship between PTPRH expression levels and 
clinical characteristics. Statistical analysis showed a cor-
relation between PTPRH expression, NSCLC tumor 

diameter, and clinical staging of NSCLC patients (** 
P < 0.01), but there was no significant correlation with 
patient age or sex (P > 0.05) (Table  2). In addition, our 
combined analysis of pathological specimens and 18F-
FDG PET/CT results showed that the SUVmax of 18F-
PET/CT was elevated. The tumors were relatively large 
in patients showing high levels of PTPRH expression by 
immunohistochemical staining compared with those 
showing low or normal levels of PTPRH expression. 
Similarly, Ki67 expression was higher in patients showing 
high levels of PTPRH expression by immunohistochemi-
cal staining than in those showing low or normal levels of 
PTPRH expression. Representative cases with high or low 
PTPRH expression and the corresponding 18F-FDG PET/
CT images are shown (Fig. 2C). Further analysis of glyc-
olysis-related proteins by immunohistochemical staining 
showed that the expression of GLUT1, HK2, PKM2, and 
LDHA was higher in patients with high PTPRH expres-
sion than in those with low PTPRH expression (Fig. 2D). 
Therefore, we further correlated the expression of 
PTPRH with the semiquantitative indicators of 18F-FDG 
PET/CT, immunohistochemical expression scores of pro-
liferation markers and immunohistochemical expression 
scores of glycolysis-related proteins. The results showed 
significant positive correlations between the expression 
of PTPRH and the levels of GLUT1, HK2, PKM2, LDHA, 
and the proliferation marker Ki-67. In addition, PTPRH 
expression showed significant positive correlations with 
SUVmax, MTV, and TLG (Fig. 2E).

Downregulation of PTPRH decreased proliferation, 
migration, and invasion in NSCLC
To further explore the molecular functions of PTPRH in 
NSCLC, we examined the protein expression levels of 
PTPRH in lung cancer cell lines and found that PTPRH 
expression was significantly higher in tumor cells than 
in normal lung bronchial epithelial cells (Fig. 3A). Simi-
lar results were obtained at the mRNA level (Fig. 3B). We 
selected the lung adenocarcinoma cell line A549 and the 
large cell lung cancer cell line H460 for further analysis. 
We first constructed stable sh-NC, sh-PTPRH, control, 
and PTPRH-overexpressing (OE-PTPRH) transgenic 
A549 and H460 cell lines. PTPRH expression was exam-
ined after transfection with the transgenic constructs by 
western blotting and RT‒PCR assays (Fig.  3C, D). We 
examined the effect of PTPRH on the proliferation of 
A549 and H460 cells cultured for 14 days using a colony 
formation assay, which showed a significant decrease in 
colony formation after PTPRH knockdown and a signifi-
cant increase in colony formation after overexpression of 
PTPRH (Fig.  3E). In addition, cell proliferation was sig-
nificantly slower after knockdown of PTPRH and signifi-
cantly faster after overexpression of PTPRH in both A549 

Table 2  The relationship between PTPRH expression and clinical 
characteristics of NSCLC patients

Clinical characteristics N PTPRH expression 
level (mean ± standard 
deviation)

P value

Age (year) 0.320

 ≥ 60 41 6.64 ± 2.867

 < 60 39 7.27 ± 2.737

Gender 0.670

male 45 6.83 ± 2.828

female 35 7.20 ± 2.807

Tumor diameter (cm) 0.004**

 ≤ 3 54 6.21 ± 2.274

 > 3 26 7.94 ± 2.7363

Clinical stage 0.003**

 I–II 43 5.28 ± 2.1310

 III–IV 37 6.97 ± 2.8042
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Fig. 3  PTPRH promoted proliferation in NSCLC. A, B Detection of PTPRH expression using RT‒PCR and western blotting. C, D Expression of PTPRH 
after transfection by western blotting analysis and RT‒PCR. E The results of the colony formation assay.) F 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) assay. G, H 5-ethynyl-2′-deoxyuridine (EdU) assay show that PTPRH enhances the proliferation ability of NSCLC cells
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Fig. 4  PTPRH promoted migration and invasion in NSCLC. A, B The results of the scratch assay show that PTPRH promotes the migration ability 
of NSCLC cells. C, D The results of the Transwell assays show that PTPRH enhances the invasion ability of NSCLC cells
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and H460 cells (Fig.  3F). In addition, the results of the 
EdU assay further showed a significant decrease in the 
number of A549 and H460 cells in the DNA replication 

phase after PTPRH knockdown and a relative increase 
in the DNA replication phase after overexpression of 
PTPRH in both A549 and H460 cells (Fig. 3G, H).

Fig. 5  PTPRH inhibited cell cycle arrest and apoptosis. A, B Gene Set Enrichment Analysis (GSEA) of PTPRH. C, D Flow cytometry analysis 
of the apoptotic effect of PTPRH on NSCLC and statistical analysis. E, F Flow cytometry analysis of the effects of PTPRH expression on the cell 
cycle in NSCLC and statistical analysis. G Western blotting results showing the effects of short hairpin RNA-PTPRH (sh-PTPRH) treatment on cell 
cycle-related proteins. H Western blotting results showing the effects of sh-PTPRH treatment on the expression of apoptotic proteins
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Our scratch assay also demonstrated the effect of 
PTPRH on the migration of A549 and H460 cells, with 
a significant increase in the scratch area after PTPRH 
knockdown and a significant decrease in the cell scratch 
area after overexpression of PTPRH in both A549 and 
H460 cells (Fig.  4A, B). In addition, the results of the 
Transwell assay showed that the effect of PTPRH on cell 
invasion ability was reduced significantly after knock-
down of PTPRH and enhanced after overexpression of 
PTPRH in both A549 and H460 cells (Fig. 4C, D).

Downregulation of PTPRH decreased the proliferation 
of NSCLC by inhibiting cell cycle arrest and apoptosis
We performed a gene set enrichment analysis (GSEA) 
of the single-gene Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway for PTPRH and found that 
the primary pathway positively associated with PTPRH 
was the cell cycle pathway; this also includes the p53 
pathway, which plays a crucial role in the cell cycle. How-
ever, the strength of the association for the p53 pathway 
was lower than that for the cell cycle pathway (Fig. 5A, B). 
Flow cytometry analysis showed that more cells under-
went apoptosis after PTPRH was knocked down in both 
A549 and H460 cells (Fig.  5C, D), and cell viability was 
decreased after PTPRH was knocked down in both A549 
and H460 cells (Fig. 5E, F). We further examined apopto-
sis-related and cell cycle-related proteins and found that 
cyclins E, A, and D1, which are associated with the G1/S 
phase, were relatively downregulated after PTPRH was 
knocked down in both A549 and H460 cells (Fig. 5G). In 
addition, the apoptosis-related protein Bax was upregu-
lated, and Bcl2 was downregulated (Fig. 5H) after PTPRH 
was knocked down in both A549 and H460 cells.

PTPRH enhanced glycolysis in vivo and in vitro
For in  vivo experiments, we used a xenograft model. 
Due to the fact that A549 cell line is a relatively com-
mon NSCLC cell line and exhibits a good trend in 
knockdown regulation  of PTPRH, the A549 cell line 
was selected for model establishment. The tumors in 
the sh-PTPRH group were significantly smaller than 

those in the sh-NC group (Fig. 6A, B). In addition, the 
weight of the xenografts in the sh-PTPRH group was 
significantly lower than that of the xenografts in the 
sh-NC group (Fig. 6C). Hematoxylin–eosin staining of 
subcutaneous tumor tissues and immunohistochemi-
cal staining of Ki67 in mice showed that the expression 
of Ki67 was relatively lower than that in the sh-PTPRH 
group (Fig.  6D). Moreover, we examined the SUV-
max of the xenograft model using micro-PET, and the 
results showed that the accumulation of 18F-FDG in the 
tumors of sh-NC-treated mice was significantly higher 
than that in tumors of sh-PTPRH mice, with a corre-
sponding increase in SUVmax (Fig. 6E, F). In addition, 
immunohistochemical staining showed that PTPRH 
and glycolysis-related proteins (GLUT1, HK2, PKM2, 
and LDHA) were downregulated after PTPRH was 
knocked down (Fig.  6G). In the in  vitro experiments, 
we found that the 18F-FDG uptake rate was lower in sh-
PTPRH cells than that in sh-NC cells. Conversely, after 
overexpression of PTPRH, the 18F-FDG uptake rate was 
increased (Fig. 6H). Similarly, lactate levels were signif-
icantly lower after PTPRH was knocked down than that 
in sh-NC cells but increased significantly after overex-
pression of PTPRH (Fig. 6I). In addition, we verified the 
protein levels of glycolysis-related proteins (GLUT1, 
HK2, PKM2, and LDHA) by western blotting, and 
their expression levels were relatively decreased after 
PTPRH was knocked down but relatively increased 
after overexpression of PTPRH (Fig. 6J).

PTPRH enhanced glycolysis via the PI3K/AKT/mTOR 
signaling pathway
To further explore the molecular mechanism by which 
PTPRH regulates glycolysis, we first performed sin-
gle-gene GSEA using PTPRH (Additional file  1). The 
results showed that PTPRH was highly enriched in 
E2F (ES = 0.542; P = 0), glycolysis (ES = 0.519; P = 0), 
PI3K/AKT/mTOR (ES = 0.516; P = 0), and apopto-
sis (ES = 0.491; P = 0) in the TCGA-NSCLC database 
(Fig. 7A). Based on the results of GSEA, while The PI3K/
AKT/mTOR signaling pathway has multiple functions 

Fig. 6  PTPRH enhanced glycolysis in vivo and in vitro. A Xenograft tumor sizes in the sh-PTPRH and sh-negative control (sh-NC) groups. B, C 
The volume and weight of tumors in the sh-PTPRH group were significantly decreased compared to those in the sh-NC group. D Representative 
hematoxylin–eosin (H&E) images of Ki67 and PTPRH staining in A549 xenografts. E, F Representative micro-PET images of mice in the sh-PTPRH 
and sh-NC groups. The closer the color of the tumor within the circle of mice is to red means the higher accumulation of 18F-FDG. The accumulation 
of 18F-FDG in the tumors of sh-NC-treated mice was significantly greater than that in the tumors of sh-PTPRH-treated mice. G Representative 
immunostained images of PTPRH, GLUT1, HK2, PKM2, and LDHA staining in A549 xenografts. H Cellular 18F‐FDG uptake was significantly 
decreased in the sh-PTPRH group and increased in the PTPRH-overexpressing (OE-PTPRH) group. I Lactate levels in the culture medium 
of the sh-PTPRH-treated group were significantly decreased, whereas they were increased in the OE-PTPRH-treated group. J Relative expression 
levels of glycolysis-related proteins in the sh-PTPRH and sh-NC groups by western blotting

(See figure on next page.)
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Fig. 6  (See legend on previous page.)
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in the regulation of various biological behaviors in 
tumor cells and plays a crucial role in the occurrence 
and development of NSCLC. Further validation and 
mechanistic studies were required to confirm the rela-
tionship between PTPRH and the PI3K/AKT/mTOR 
signaling pathway. We first performed immunohisto-
chemistry experiments on tumor tissues from mice, and 
the results showed that p-AKT and p-PI3K were rela-
tively downregulated in the sh-PTPRH group compared 
to the sh-NC group (Fig. 7B).

We performed western blotting using an inhibitor 
(LY294002) and an activator (740Y-P) of PI3K and found 
that p-PI3K, p-AKT, and phospho-mTOR (p-mTOR) 
were downregulated after PTPRH was knocked down 
in H460 and A549 cells. The downregulation of p-PI3K, 
p-AKT, and p-mTOR by sh-PTPRH was reversed by 
740Y-P (Fig.  7C). In contrast, p-PI3K, p-AKT, and 
p-mTOR were upregulated after overexpression of 
PTPRH in both H460 and A549 cells. The upregulation 
of p-PI3K, p-AKT, and p-mTOR after overexpression of 
PTPRH was reversed by LY294002 (Fig. 7D).

We further examined the expression of glycolysis-related 
proteins by western blotting, which showed that GLUT1, 
HK2, PKM2, and LDHA were relatively downregulated 
after PTPRH was knocked down in H460 and A549 cells. 
The downregulation of GLUT1, HK2, PKM2, and LDHA 
expression after PTPRH knockdown was reversed by 
740Y-P (Fig.  7E). In contrast, GLUT1, HK2, PKM2, and 
LDHA expression was relatively upregulated in both H460 
and A549 cells after overexpression of PTPRH. Concomi-
tant treatment with LY294002 and OE-PTPRH reversed 
the upregulated expression of GLUT1, HK2, PKM2, and 
LDHA observed after overexpression of PTPRH (Fig. 7F).

Downregulation of PTPRH decreased proliferation 
and invasion via PI3K/AKT/mTOR signaling 
pathway‑mediated glycolysis
Our previous study showed that PTPRH regulates gly-
colysis through the PI3K/AKT/mTOR signaling pathway. 
We simultaneously interfered with PTPRH expression 
and used an inhibitor and activator of PI3K to verify 
cell proliferation and invasion in  vitro. First, the results 
of EdU experiments showed that the number of cells in 
the DNA replication stage was relatively increased after 

overexpression of PTPRH in both A549 and H460 cells 
and was significantly downregulated after treatment with 
LY294002. The effect after overexpression of PTPRH 
was reversed after LY294002 addition (Fig.  8A, B). In 
addition, flow cytometry analysis showed that apopto-
sis increased in both H460 and A549 cells after PTPRH 
was knocked down alone. However, increased apopto-
sis caused by sh-PTPRH was reversed when sh-PTPRH 
and 740Y-P were added simultaneously (Fig. 8C, D). The 
results of the Transwell assay showed that in H460 and 
A549 cells, the number of invasive cells was reduced after 
PTPRH was knocked down, the number of invasive cells 
was increased after the use of 740Y-P, and the decrease 
in invasive cells caused by sh-PTPRH was reversed 
when sh-PTPRH and 740Y-P were added simultaneously 
(Fig. 9A). Similarly, a rescue experiment was performed 
to verify this trend in the OE-PTPRH and LY294002 
groups (Fig. 9B). 18F-FDG uptake assay detected that the 
FDG uptake rate was lower in sh-PTPRH group, 740Y-P 
group had increased FDG uptake rate, and the decreased 
FDG uptake rate after PTPRH was knocked down was 
reversed when sh-PTPRH and 740Y-P were added simul-
taneously (Fig.  9C). Similarly, a rescue experiment was 
performed to verify this trend in the OE-PTPRH and 
LY294002 groups (Fig.  9D). After PTPRH was knocked 
down, lactate level had decreased, lactate levels were 
increased after the use of 740Y-P, and lower lactate lev-
els caused by sh-PTPRH were reversed when sh-PTPRH 
and 740Y-P were added simultaneously (Fig.  9E). Simi-
larly, a rescue experiment was performed to verify this 
trend in the OE-PTPRH and LY294002 groups (Fig. 9F). 
These results suggested that PTPRH promotes glycolysis, 
proliferation, migration, and invasion via the PI3K/AKT/
mTOR signaling pathway in NSCLC. A possible mecha-
nism underlying the modulation of glycolysis by PTPRH 
is shown in Fig. 9G.

Discussion
The incidence rates of malignant tumors and lung can-
cers and the associated mortality rates are increasing [1]. 
Although great progress has been made in treating lung 
cancer, the overall prognosis is still not ideal because of 
its complex clinical manifestations and substantial het-
erogeneity [2]. The most common pathological type of 

(See figure on next page.)
Fig. 7  PTPRH enhanced glycolysis via the phosphatidylinositol-3-kinase (PI3K)/Protein kinase B (AKT)/mammalian target of rapamycin (mTOR) 
signaling pathway. A GSEA to identify enriched signaling pathways for PTPRH. B Representative immunostaining images after staining of PI3K/
AKT/mTOR signaling pathway-related proteins in A549 xenografts. C, D Relative expression levels of PI3K/AKT/mTOR signaling pathway-related 
proteins in the sh-PTPRH and sh-NC groups by western blotting. E Western blotting results showing the effects of sh-PTPRH and the PI3K activator 
740Y-P alone and in combination on the expression levels of glycolysis-related proteins. F Western blotting results showing the effects of OE-PTPRH 
and the PI3K inhibitor LY294002 alone and in combination on the expression levels of glycolysis-related proteins
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Fig. 7  (See legend on previous page.)
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Fig. 8  PTPRH promoted proliferation and invasion via PI3K/AKT/mTOR signaling pathway-mediated glycolysis. A, B EdU assay to verify 
the individual and combined effects of sh-PTPRH and the PI3K inhibitor LY294002 on the number of cells undergoing DNA replication. C, D Flow 
cytometry assays to detect the reversal of the proapoptotic effect of sh-PTPRH after treatment with the PI3K activator 740Y-P in H460 and A549 cells
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lung cancer is NSCLC [29]. Therefore, there is a crucial 
need to conduct in-depth research on the mechanisms 
underlying NSCLC progression and to explore new key 
targets. Targeted tumor energy metabolism therapy has 
received considerable attention and has potential clinical 
significance.

Tumor cells obtain energy through glycolysis in an 
aerobic environment, a process called aerobic glycolysis. 
Targeting aerobic glycolysis is a new approach to tumor 
treatment. Mutations in the PTPRH gene are the most 
common mutations in the protein tyrosine phosphatase 
family [23]. Previous studies have shown that PTPRH can 
reduce protein phosphorylation through related signaling 
pathways to alleviate airway obstruction in patients with 
asthma [30]. In recent years, studies have shown that 
PTPRH regulates the occurrence and development of 
cancer [24–26], but the correlation of PTPRH expression 
with glycolysis is still unclear. This study focused on the 
biological role and mechanism of PTPRH in promoting 
NSCLC energy metabolism, migration, and invasion via 
the PI3K/AKT/mTOR signaling pathway.

The expression of PTPRH in NSCLC is significantly 
higher than that in normal tissues based on an analysis 
of datasets from TCGA and GEO (Fig. 1). This is consist-
ent with the findings of Chen et al. and Sato et al. [25, 26]. 
We performed immunohistochemical staining of PTPRH 
in 80 primary lesion tissue samples from NSCLC patients 
and 40 matched adjacent lung tissue samples. The results 
showed that PTPRH expression was significantly higher 
in the primary lesions of patients with NSCLC (Fig.  2A, 
B). Furthermore, a study was conducted on the correla-
tion between PTPRH expression in the primary lesion tis-
sue samples of 80 patients with NSCLC and clinical data. 
PTPRH expression was closely correlated with the tumor 
diameter and clinical stage of NSCLC patients but not 
with the age and sex of patients with NSCLC (Table  1). 
This result suggests that the differential expression of 
PTPRH in NSCLC has clinical significance, but its correla-
tion with glycolysis in NSCLC remains unclear. Given the 
increased research focus on tumor metabolic abnormali-
ties, the impact of PTPRH on the biological behavior and 
glycolysis of tumor cells has potential clinical applications.

Aerobic glycolysis is an important feature of energy 
metabolism in tumor cells [20] and refers to the ability 

of malignant tumors to obtain adenosine triphosphate 
through glycolysis under aerobic conditions, also known 
as the Warburg effect [31, 32]. This effect is the molecu-
lar basis for the use of 18F-FDG PET/CT in oncology [4, 
5, 33]. The glucose metabolism level of tumor cells can 
be reflected by 18F-FDG PET/CT imaging of indicators 
of glucose metabolism. Immunohistochemical stain-
ing of PTPRH was performed on tissue slices from 80 
patients with NSCLC. Correlation analysis showed that 
PTPRH expression in cancer tissues was correlated with 
SUVmax, MTV, and TLG (Fig.  2E). We also conducted 
a correlation analysis between the expression levels of 
PTPRH and glycolysis-related proteins (GLUT1, HK2, 
PKM2, and LDHA), and the results revealed a correlation 
(Fig. 2E). Therefore, we speculated that PTPRH could be 
involved in glycolysis in NSCLC, but its specific molecu-
lar mechanism required further exploration.

The specific molecular mechanism underlying PTPRH 
participation in glycolysis in NSCLC was explored further 
based on the results of the first part of the study. First, by 
performing RT‒PCR and western blotting of the A549, 
H1299, H292, PC9, Calu-1, H460, and HCC827 NSCLC 
cell lines and the HBE human bronchial epithelial cell 
line, we found that PTPRH was highly expressed to vary-
ing degrees in NSCLC cell lines (Fig.  3A, B). Although 
the expression of PTPRH varies in different tumors [34], 
the differential expression of PTPRH observed in this 
study is consistent with the analysis of histological speci-
mens and with the research results of Chen et  al. and 
Sato et  al. [25, 26]. In  vitro, we verified through colony 
formation, MTT, and EdU assays that PTPRH increases 
cell proliferation (Fig.  3E–H). Transwell and scratch 
assays confirmed that PTPRH improves cell invasion and 
migration abilities (Fig. 4), and flow cytometry confirmed 
that downregulation of PTPRH can promote cell apopto-
sis (Fig. 5C, D). However, a G1/S phase cell cycle block-
ade was observed after PTPRH downregulation (Fig. 5E, 
F). In vivo, we used micro-PET scans with 18F-FDG and 
found that after downregulation of PTPRH, the 18F-FDG 
SUVmax values of the tumors significantly decreased 
(Fig.  6E). This trend was validated by the immunohis-
tochemistry results (Fig.  6G). 18F-FDG uptake and lac-
tate experiments were performed to further explore the 
relationship between PTPRH and glycolysis (Fig. 6H–I). 

(See figure on next page.)
Fig. 9  PTPRH increased invasion, FDG uptake and lactate levels via PI3K/AKT/mTOR signaling pathway-mediated glycolysis. A, B Transwell 
assays to detect the individual and combined effects of sh-PTPRH and the PI3K activator 740Y-P and OE-PTPRH and the PI3K inhibitor LY294002 
on the invasion ability of H460 and A549 cells. C, D 18F-FDG uptake assays to detect the individual and combined effects of sh-PTPRH and the PI3K 
activator 740Y-P and OE-PTPRH and the PI3K inhibitor LY294002 on the FDG uptake ability of H460 and A549 cells. E, F Cell metabolism assays 
to detect the individual and combined effects of sh-PTPRH and the PI3K activator 740Y-P and OE-PTPRH and the PI3K inhibitor LY294002 
on the lactate levels of H460 and A549 cells. G A diagram showing the possible mechanism underlying the modulation of glycolysis by PTPRH
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Fig. 9  (See legend on previous page.)
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Western blotting results showed that PTPRH increased 
the expression of GLUT1, HK2, PKM2, and LDHA, con-
firming the hypothesis that PTPRH promotes glycolysis 
in NSCLC (Fig. 6J).

Gene set enrichment analysis (GSEA) revealed that 
the differentially expressed gene PTPRH was enriched 
in KEGG pathways such as E2F, glycolysis, PI3K/AKT/
mTOR, and apoptosis (Fig.  7A). Based on the results of 
GSEA, while PI3K/AKT/mTOR signaling pathway also 
has multiple functions in the regulation of various bio-
logical behaviors in tumor cells and plays a crucial role 
in the occurrence and development of NSCLC [35]. This 
signaling pathway was thus selected for further validation 
and mechanistic studies. Western blotting confirmed 
that the downregulation and upregulation of PTPRH can 
inhibit and promote the expression of related proteins 
in the PI3K/AKT/mTOR signaling pathway, which was 
validated using the PI3K agonist 740Y-P and inhibitor 
LY294002 (Fig.  7C, D). The response experiment con-
firmed that PTPRH affected glycolysis-related protein 
expression (Fig.  7E, F) and cell behavior (Figs.  8, 9) via 
the PI3K/AKT/mTOR signaling pathway. In conclusion, 
PTPRH affects glycolysis in NSCLC cells via the PI3K/
AKT/mTOR signaling pathway and ultimately promotes 
tumor progression in NSCLC, which could be regulated 
by LY294002 and 740Y-P. However, further exploration 
is needed to determine whether PTPRH can regulate 
potential intermediate targets and reduce the expression 
of inhibitory factors of the PI3K/AKT/mTOR signaling 
pathway, thereby enhancing the effect of the pathway. 
Further exploration of the mechanism by which PTPRH 
expression regulates glucose metabolism is expected 
to provide a new therapy targeting energy metabolism 
in NSCLC. We also plan to further explore the use of 
PTPRH-targeting compounds or gene therapy in NSCLC 
xenograft models.

Conclusions
In summary, we report that PTPRH promotes glycolysis, 
proliferation, migration, and invasion via the PI3K/AKT/
mTOR signaling pathway in NSCLC and ultimately pro-
motes tumor progression, which can be regulated by 
LY294002 and 740Y-P. These results suggest that PTPRH 
is a potential therapeutic target for NSCLC.
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