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Abstract
Background: Lung adenocarcinoma (LUAD) is one of the most deadly tho-
racic tumors. Reprogrammed glycolytic metabolism is a hallmark of cancer
cells and significantly affects several cellular functions. In the current study, we
aimed to investigate cluster of differentiation 147 (CD147)-mediated glucose
metabolic regulation in LUAD and its association with 18F-FDG PET/CT
imaging.
Methods: The expression profile and prognostic potential of CD147 in LUAD
were analyzed using UALCAN and a Kaplan-Meier plotter. Tissue immunohisto-
chemical analyses and PET metabolic parameters were used to identify the rela-
tionship between CD147 expression and reprogrammed glycolysis. The role of
CD147 in glucose metabolic reprogramming was assessed by radioactive uptake
of 18F-FDG through γ-radioimmunoassays in vitro and micro-PET/CT imaging
in vivo. Western blotting assays were used to determine the expression level of
monocarboxylate transporter 1 (MCT1) and MCT4 in established human LUAD
cell lines (ie, HCC827 and H1975) with different CD147 expression levels via
lentiviral transduction.
Results: CD147 was highly expressed in LUAD. A significant positive correlation
existed between CD147 expression and PET metabolic parameters(SUVmax,-
SUVmean, SUVpeak). CD147 could promote radioactive uptake of 18F-FDG
in vitro and in vivo, suggesting the ability of CD147 to enhance glycolytic metab-
olism. Furthermore, as an obligate chaperone for MCT1 and MCT4, CD147 posi-
tively correlated with MCT1 and MCT4 expression in LUAD tissues and
established cell lines with different CD147 expression.
Conclusions: Our study revealed that CD147 is a promising novel target for
LUAD treatment and CD147-mediated glucose metabolism demonstrated its
contribution to the predictive role of 18F-FDG PET/CT imaging for targeted
therapeutic efficacy.
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Introduction

Lung cancer is the leading cause of cancer-related death
among men and women globally. It has been estimated that
one-quarter of all cancer deaths were due to lung cancer in
2019 in the United States.1 Non-small cell lung cancer
(NSCLC), which includes squamous cell carcinoma, adeno-
carcinoma and large cell carcinoma, accounts for the vast
majority of all new lung cancer cases.2 Within NSCLC, ade-
nocarcinoma is one of the most common histological sub-
types.3 Despite great improvements in lung adenocarcinoma
(LUAD) research and treatment, the prognosis for LUAD
patients remains poor.4 Thus, a better understanding of the
molecular mechanisms driving the tumorigenesis of LUAD
is essential and may enable the development and optimiza-
tion of therapeutic strategies.
Metabolic alteration, a hallmark of tumor cells, signifi-

cantly affects various cellular functions, including prolifera-
tion and survival.5 Specific metabolic activities participate
directly in cancer cell proliferation to support tumor
growth. Enhanced aerobic glycolysis, which is also known
as the Warburg effect,6 involves the propensity for prolifer-
ating cells, including cancer cells, to take up glucose and
secrete the carbon as lactate even when oxygen is present.
Thus, cancer cells exhibit increased glucose uptake and an
enhanced glycolysis rate even in the presence of oxygen.7

The widespread application of 18F-fluoro-2-deoxyglucose
positron emission tomography (18F-FDG PET) imaging in
initial and differential tumor diagnoses, clinical staging,
and therapeutic effect evaluation utilizes the hallmarks of
upregulated glycolysis in tumor cells.8,9 Therefore, 18F-FDG
PET data have emphasized the sheer preponderance of ele-
vated glucose trapping in cancer.
Cluster of differentiation 147 (CD147), also known as

extracellular matrix metalloproteinase inducer (EMMPRIN)
or basigin, is a broadly expressed cell surface glycoprotein
that belongs to the immunoglobulin superfamily.10 As previ-
ously reported, CD147 is highly expressed in numerous can-
cer types and has been demonstrated to significantly
contribute to tumor growth, metastasis and angiogenesis
through stimulation of the production of hyaluronan, multi-
ple matrix metalloproteinases (MMPs), and vascular endo-
thelial growth factor A (VEGF-A).11–13 CD147 has been
suggested as an early diagnostic biomarker and a signifi-
cantly unfavorable prognostic indicator14,15; this feature
makes CD147 of interest for further investigation, not only
as a biological marker but also as a potential therapeutic
endpoint or target.16 More importantly, CD147, as an essen-
tial chaperone, could form complexes with monocarboxylate
transporters (MCTs), which suggests a pivotal role of
CD147 in the regulation of cell metabolism. Previous studies
have shown that the silencing of CD147 dramatically
decreases the glycolytic rate and lactate efflux in carcinoma

cell lines, indicating the involvement of CD147 in tumor
glycolysis.17–21 However, the involvement of CD147 in
reprogramming glucose metabolism in LUAD has not been
well elucidated.
In the present study, we first explored the key role of

CD147 in LUAD through bioinformatics analyses. Second,
we retrospectively analyzed the correlation between the
immunohistochemical (IHC) expression of CD147 and the
following 18F-FDG PET metabolic parameters in 70 LUAD
patients: maximum, mean, and peak standardized uptake
values (i.e., SUVmax，SUVmean and SUVpeak, respec-
tively). We then established several stable LUAD cell lines
with different levels of CD147 expression and performed a
γ-radioimmunoassay experiment to determine the radioac-
tive uptake of 18F-FDG in vitro. In addition, we evaluated
the performance of CD147 in vivo through 18F-FDG
micro-PET/CT imaging of human LUAD xenograft models
in nude mice. Lastly, we detected the association between
CD147 and MCT1 and MCT4 expression in LUAD tissues
and established human LUAD cell lines. Enhanced glucose
metabolism mediated by CD147 upregulation was demon-
strated to significantly contribute to 18F-FDG PET/CT
imaging in LUAD.

Methods

Patients and tissue samples

A total of 70 LUAD patients who underwent 18F-FDG-
PET/CT scans before operation and/or other therapeutic
interventions in our center from January 2018 to January
2019 were included. The clinicopathological characteristics
of the patients are summarized in Table 1. Written
informed consent forms were obtained from each patient.
All specimens were surgically resected from hospitalized
patients with complete clinical information and pathologi-
cally confirmed as LUAD. Corresponding formalin-fixed
paraffin-embedded tissue samples were retrieved from the

Table 1 Clinicopathological characteristics of the patients enrolled in
this study (n = 70)

Items Characteristics N %

Gender Male 36 51.4
Female 34 48.6

Age, mean (range) < 60 32 45.7
≥ 60 38 54.3

Smoking Yes 41 58.6
No 29 41.4

Lymphatic metastasis Yes 8 11.4
No 62 88.6

Clinical staging I or II 54 77.1
III or IV 16 22.9
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archives of the Department of Pathology in our affiliate
institution. This study was approved by the ethics commit-
tee of Tianjin Medical University Cancer Institute and
Hospital and was conducted in accordance with the Decla-
ration of Helsinki.

Cell lines and animals

A total of four human LUAD cell lines (i.e., HCC827,
H1975, PC9 and A549) were used in this study. The
HCC827 cell line and H1975 cell line were purchased from
the Cell Bank of the Chinese Academy of Sciences
(Shanghai). The A549 cell line and PC9 cell line were
kindly provided by the Central Laboratory of Tianjin Med-
ical University Cancer Institute and Hospital. The cells
were regularly cultured in Dulbecco’s modified eagle
medium (DMEM) supplemented with penicillin/strepto-
mycin (1:200) and 10% fetal bovine serum (FBS) at 37�C
in a humidified atmosphere containing 5% CO2 and 95%
O2. Approximately six-week-old immunodeficient female
specific pathogen-free (SPF) BALB/c nude mice
(Biotechnology Co., Ltd., Beijing) with an average
bodyweight of 20 g were used in the present study. The
total number of animals used in this study was 30. The
mice were housed with ad libitum food and water in
groups of five under SPF, controlled ambient conditions.
All protocols involving animals were in strict accordance
with the recommendations in the Guide for the Care and
Use of Experimental Animals of the National Institutes of
Health and were approved by the Animal Ethical Review
Committee of Tianjin Medical University Cancer Institute
and Hospital.

Bioinformatics analysis

UALCAN (http://ualcan.path.uab.edu/analysis.html)22 is an
online tool to analyze the gene expression profile of differ-
ent tissues (primary tumor and normal) from The Cancer
Genome Atlas (TCGA). Thus, we could verify the expres-
sion levels of CD147 and MCT genes in LUAD patients
(primary tumor and normal tissues). A P-value <0.05 was
considered statistically significant. The Kaplan-Meier plot-
ter web server (http://kmplot.com/analysis/)23 was used to
analyze the prognostic significance of CD147 and MCT
genes in 1926 lung cancer patients and 720 LUAD patients,
respectively. The plotter enables users to separate patients
into high and low expression groups based on the gene
transcription expression level of a given gene and create
Kaplan-Meier plots. In addition, the hazard ratio and 95%
confidence interval and the log-rank P-value were calcu-
lated and are shown in the tables, and the number-at-risk
is displayed below the curves.

18F-FDG PET/CT imaging

All 18F-FDG PET/CT scans were conducted using a GE
Discovery Elite PET/CT scanner (GE Medical Systems,
Waukesha, WI, USA). Patients were required to fast for six
hours prior to the scan. Before intravenous injection of
18F-FDG, the plasma glucose concentrations of patients
were examined and maintained under a level of
6.8 mmol/L. The administered activity of the radiotracer
was 4.1–4.8 MBq (0.11–0.13 mCi) per kilogram
bodyweight. Images were acquired from head to mid-
thigh approximately one hour after 18F-FDG injection.
CT scans were performed with the following parameters:
current, 120–170 mA; voltage, 120 kV; slice thickness,
5 or 3.75 mm; and reconstruction interval, 5 or
3.75 mm. Afterward, CT-based attenuation-corrected
PET images were acquired in three-dimensional mode
with two minutes per bed position and were
reconstructed using an iterative algorithm with a
192 × 192 matrix. In addition, a noncontrast CT scan
targeted to the lung lesion with a slice thickness of
1.25 mm was also obtained for each patient. PET meta-
bolic parameters were automatically generated by
PETVCAR, a semiquantitative software embedded in GE
workstation (estimated threshold for discrimination of
tumors was chosen as equaling to or more than 42% of
SUVmax). SUVs were calculated according to the fol-
lowing formula: SUV = radioactivity concentration/
(injected activity/ bodyweight).

Immunohistochemistry

IHC analyses were performed on formalin-fixed, paraffin-
embedded sections of the surgical specimen. The paraffin
blocks were cut to a 4 μm thickness. Briefly, tissue sections
were heated at 55�C –60�C for three hours, dewaxed, and
rehydrated with xylene and a series of grades of alcohol.
Antigen retrieval was performed in citrate buffer (0.01 M,
pH 6.0) for three minutes with microwaves. After inactiva-
tion of endogenous peroxidase with 3% hydrogen peroxide
for 20 minutes, the sections were blocked with 10% normal
goat serum at room temperature for 10 minutes and then
incubated overnight at 4�C with a series of primary anti-
bodies (i.e., anti-CD147, anti-MCT1, and anti-MCT4,
1:100, Santa Cruz Biotechnology, Dallas, TX). After incu-
bation with a biotin-conjugated secondary antibody for
one hour at room temperature, the sections were continued
with 3, 30-diaminobenzidine for visualization. In addition,
all sections were counterstained with hematoxylin, followed
by dehydration and mounting. Phosphate-buffered saline
(PBS) was used instead of primary antibodies for the nega-
tive control. Stained slides were scored blindly by two
pathologists and photographed under a bright field
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microscope. CD147, MCT1, and MCT4 expression levels
were determined by examination of the percentage of posi-
tively stained cells and the intensity of the cytoplasm and
cell membrane staining. The scored area was the entire
specimen. The percentage of immunoreactivity was graded
on a scale of 0 to 3 (0 for ≤5% positive cells, one for 5% to
25% positive cells, two for 25% to 50% positive cells, and
three for >50% positive cells). The staining intensity was
stratified into the following three categories: 0 for no
staining or pale yellow staining, one for weak immunoreac-
tivity with brown staining, two for strong immunoreactiv-
ity with tan staining. The two scores were multiplied to
obtain a composite expression score. The final expression
level was classified as negative/weakly positive (�)
(score = 0), moderately positive (++) (score = 1–3), or
strongly positive (+++) (score = 4–6).

Establishment of stable LUAD cell lines
with different levels of CD147 expression

Stable LUAD cell lines with different CD147 expression
levels were established through lentiviral particle produc-
tion and lentiviral transduction. Before lentiviral packaging
and transduction, a small hairpin RNA (shRNA) targeting
the human CD147 mRNA sequence (50- GTACAAGA
TCACTGACTCT-30) and the full-length cDNA for human
CD147 to induce CD147 expression were cloned into
pLL3.7 (EGFP) and pLVX-IRES-Zsgreen lentiviral vectors
(Youbao Biotechnology, Changsha, China), respectively.
Lentiviral particles were produced by transient cotrans-
fection of HEK 293T cells with pSPAX2 and pMD2.G plus
the bidirectional pLVX-IRES-Zsgreen-CD147 or
pLL3.7-CD147- shRNA or plus the pLVX-IRES-Zsgreen or
pLL3.7 control lentiviral vectors. The particles produced
were collected from the culture supernatant 48 hours
thereafter. The viral titer was determined by transducing
HEK 293T cells with successive dilutions of the superna-
tant. For lentiviral transduction, HCC827 and H1975 cell
lines were transduced with CD147-expressing lentiviral
particles or CD147-targeting lentiviral particles at a multi-
plicity of transduction (MOI) of 10 in the presence of
5 μg/mL PolyBrene (Sigma-Aldrich, Oakville, Canada).
Following lentiviral transduction, the cells were continually
cultured in complete medium for 10–14 days, and Zsgreen
positive-transduced and EGFP positive-transduced
HCC827 and H1975 cell lines were then enriched using
BD FACSAria (BD Biosciences, San Diego, CA) with a
purity of 95%–98% to construct stable LUAD cell lines
with different levels of CD147 expression. The level of
CD147 expression in these purified transduced cells was
tested with a western blotting analysis prior to phenotypic
and functional assays.

Western blotting

The total protein was extracted from human LUAD cell
lines (HCC827, H1975, PC9, A549), and lentiviral trans-
duced HCC827 and H1975 cells. Briefly, cells were lysed
with RIPA buffer (Beijing Solarbio Science & Technology
Co., Ltd) supplemented with a protease/phosphatase inhib-
itor cocktail (Cell Signaling Technology, Beverly, MA), and
then equal amounts of protein (30–50 μg/lane) were loaded
and separated by 10% SDS-PAGE. The proteins separated
in the gels were then transferred to polyvinylidene
difluoride membranes and blocked with 5% skim milk
powder for one hour. Subsequently, the membranes were
incubated overnight with primary antibodies at 4�C. Anti-
CD147, anti-MCT1 and anti-MCT4 antibodies (Santa Cruz
Biotechnology) were used at a dilution of 1:500 and anti-
GAPDH (Cell Signaling Technology) was used in the dilu-
tion of 1:2000. After washing with TBS containing 0.1%
Tween 20, the membranes were incubated with secondary
antibody (1:2000; Santa Cruz Biotechnology). The blots
were developed with ECL (Millipore, Bedford, MA) plus a
Western blotting detection system. The experiment was
repeated three times.

Radioactive uptake of 18F-FDG by LUAD
cell lines in vitro using
γ-radioimmunoassays

To evaluate the correlation between CD147 expression and
glucose metabolism in LUAD cell lines, established LUAD
cell lines were plated in 12-well plates in triplicate and incu-
bated at 37�C in a 5% CO2 cell incubator. Then, 24 hours
later, the culture medium in every well was replaced with
1 mL 10% FBS-supplemented DMEM without glucose con-
taining 10 μCi 18F-FDG (synthesized in our laboratory) for
different durations (0.5, 1, and 2 hours). Rinsing, digestion,
and washing with PBS were performed after incubation to
eliminate extracellular activity. Then, single-cell suspensions
were prepared in PBS to detect 18F-FDG uptake by LUAD
stable cell lines with different levels of CD147 expression.
Radioactivity was measured with a γ-radioimmunoassay
counter (Cobra Quantum; Packard), and the results were
normalized as the number of radioactive cells per 1 × 105

cells. The experiment was repeated three times.

18F-FDG micro-PET/CT imaging of human
LUAD xenograft models with different
levels of CD147 expression

Lentiviral transduced HCC827 cells (2 × 106/mouse) in the
logarithmic phase suspended in 100 μL of PBS were subcu-
taneously injected into the dorsa of the mice. Tumor
growth and animal health were monitored twice weekly.
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When the xenografts grew to a maximal diameter of
8–10 mm, 18F-FDG micro PET-CT imaging was per-
formed. For each tumor model, the xenografts were imaged
after tail vein injections of 18F-FDG at a concentration of
10 μCi/g. Mice were fasted 10 hours before PET scanning.
CT was performed followed by PET, and the separate PET
and CT images acquired were transferred to a workstation
for image fusion. The PET/CT images were then
reconstructed with attenuation correction and an ordered-
subset expectation maximization iterative algorithm. The
images were reviewed using the manufacturer’s review sta-
tion (Xeleris, General Electric Healthcare). The SUVmax of
the right versus the left xenograft was calculated as the
main outcome measurement.

Statistical analysis

SPSS version 24.0 was used for statistical analyses in this
study. Categorical data were expressed as percentages, and
numerical data are presented as the mean � standard error
of the mean. The associations between CD147/MCT1/
MCT4 and clinicopathological factors were investigated by
Chi-square test. PET metabolic parameters among multiple
groups were compared with Kruskal-Wallis test. Correla-
tions between CD147/MCT1/MCT4 expression and PET
metabolic parameters were tested by Spearman’s rank cor-
relation analysis. Student’s unpaired t-test and one-way
ANOVA were performed to determine the significance of
the difference between group means using GraphPad Prism
software. When there was a significant difference in one-
way ANOVA test, a post-test (Student-Newman-Keuls test,
SNK) was performed. A P-value of 0.05 was considered to
indicate a statistically significant difference.

Results

CD147 overexpression in LUAD contributes
to poor overall survival of LUAD patients

TCGA data of LUAD patients are used via the UALCAN
data portal. As shown in Fig 1a, TCGA data analysis
showed that the mRNA levels of the CD147 gene were
highly expressed in tumor tissues of multiple cancer types,
including LUAD (Fig 1b). In addition, CD147 expression
was positively correlated with disease progression (Fig 1c).
Furthermore, the Kaplan-Meier plotter database was used
to evaluate the prognostic value of CD147 based on
Affymetrix microarrays. Notably, a worse prognosis in lung
cancer (Fig 1d) and LUAD (Fig 1e) was shown to correlate
with higher CD147 expression.

Association between CD147 expression
and PET metabolic parameters in LUAD

A total of 70 cases of LUAD were included in this retro-
spective study. Based on the results of IHC analyses for
CD147, LUAD patients were divided into three groups:
negative/weakly positive [�], moderately positive [++], or
strongly positive [+++].There was no significant associa-
tion between CD147 expression and clinicopathological
factors (P > 0.05). To access the intensity of glucose metab-
olism within the tumor, PET metabolic parameters, includ-
ing SUVmax, SUVmean and SUVpeak, were acquired
from PETVCAR software. The differences in PET meta-
bolic parameters among the three groups were statistically
significant (Table S1). All three PET metabolic parameters
were considerably higher in LUAD patients with strongly
positive expression of CD147 than that in LUAD patients
with negative/weakly positive/moderately positive expres-
sion of CD147 (Fig 2b–d). In addition, the Spearman rank
correlation analysis between CD147 expression and PET
metabolic parameters in LUAD showed that PET meta-
bolic parameters were positively correlated with CD147
status (Table 2). Representative IHC images of CD147 and
corresponding PET/CT scans are shown in Figure 2a.

CD147 promoted 18F-FDG uptake in vitro
and in vivo

Based on the diverse expression of CD147 in LUAD cells
(Fig 3a), we selected the HCC827 and H1975 cell lines for
further analysis. The HCC827 cell line had the highest
CD147 expression level among the four cell lines (Fig 3b).
We successfully generated stable LUAD cell lines with
varying levels of CD147 expression (Fig 3c,d). The stable
LUAD HCC827 and H1975 cell lines with different levels
of CD147 expression were incubated with 18F-FDG in vitro
to determine the 18F-FDG uptake values using a γ- radio-
immunoassay counter. 18F-FDG uptake was markedly
higher in the HCC827-CD147 cell line with CD147 over-
expression than in the HCC827 control (P < 0.001) and
HCC827 CD147 shRNA cell lines (P < 0.001) with
decreased CD147 expression (Fig 4a). Similarly, CD147
also positively correlated with 18F-FDG uptake in the stable
H1975 cell lines with different levels of CD147 (Fig 4b).
To correlate the in vitro results of CD147 silencing and

overexpression with an in vivo system, we established
human LUAD xenograft models with different CD147
expression levels in nude mice. The main component of
H1975 xenografts was cystic, which resulted in the inability
to perform a quantitative analysis. Therefore, we selected
HCC827 as the tumor-forming cells. Consistent with our
cell culture analysis, CD147 overexpression led to significant
accumulation of 18F-FDG uptake in the HCC827-CD147
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Figure 1 CD147 was overexpressed in lung adenocarcinoma (LUAD), and its expression level was correlated with poor survival (a) CD147 mRNAs
level in different tumors and normal tissues of multiple cancer types from TCGA database. (b) A box plot was constructed to represent the differen-
tial expression of CD147 mRNAs level between primary tumor tissues (n = 515) and normal tissues (n = 59) from LUAD patients. (c) CD147 mRNAs
level was evaluated in 515 cases LUAD tissues with different disease condition (d) The relationship between CD147 expression and overall survival
(OS) in lung cancer (n = 1926), described by Kaplan–Meier plotter. Expression low, high. (e) Kaplan-Meier survival curves comparing the
high and low expression of CD147 in LUAD (n = 720) which indicated that OS was significantly higher in the CD147 low expression group than in
the high expression group (***P < 0.001). Expression low, high.
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xenografts. HCC827CD147 shRNA xenografts demonstrated
remarkably lower 18F-FDG uptake than HCC827-control
xenografts (Fig 4c). The SUVmax was used to semi-
quantitatively analyze the radioactive uptake of 18F-FDG by
different xenografts. The SUVmax in the HCC827-CD147
xenografts was the highest among all the types of HCC827
xenografts with different CD147 expression levels (Fig 4d).

The accumulation of 18F-FDG in the HCC827 xenografts
was positively correlated with the CD147 expression level.
In conclusion, CD147 significantly augmented glucose
metabolism in tumor cells in vitro and in vivo. 18F-FDG
PET imaging of nude mice bearing human LUAD xeno-
grafts with different levels of CD147 could predict the per-
formance of CD147-mediated glucose metabolism.

Figure 2 (a) Representative IHC images of CD147 and corresponding 18F-FDG PET/CT scans. Status of CD147 on LUAD tissues was detected by
IHC staining. An IHC profile was shown from three representative LUAD patients with weakly positive/negative (�, ×400, lower), positive (++, ×400,
middle) and strongly positive (+++, ×400, upper) expression of CD147. Each of the corresponding 18F-FDG-PET/CT images revealed a solitary pulmo-
nary lesion that was suspected to be malignant. SUVmax was 2.48 (lower), 5.70, (middle), 11.43 (upper), respectively. (b, c, d) Histograms were con-
ducted to represent the difference in SUVmax, SUVmean and SUVpeak between different CD147 expression groups. (*P < 0.05, ***P < 0.001).

Table 2 Correlation between CD147 status and PET metabolic parameters

PET parameters

CD147 status

R P-value−/+ ++ +++

SUVmax 5.95 � 2.79 6.74 � 1.03 11.98 � 0.89 0.530 <0.001
SUVmean 3.63 � 1.74 4.17 � 0.65 7.46 � 0.58 0.532 <0.001
SUVpeak 4.78 � 2.30 5.24 � 0.89 9.43 � 0.77 0.521 <0.001

Thoracic Cancer 11 (2020) 1245–1257 © 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 1251

Y. Zhang et al. CD147 & LUAD & 18F-FDG PET/CT imaging



CD147-mediated glucose metabolic
regulation of LUAD cell lines relies on
MCT1 and MCT4

To determine the specific mechanism of CD147-mediated
metabolic regulation in LUAD, we tested the contribution of
MCT1 and MCT4 to the phenotype identified above. IHC
staining was used to confirm the association between MCT1
and MCT4 expression and CD147 expression in clinical spec-
imens. Representative IHC images of CD147 and MCT1/4
are shown in Figure 5a. As shown in Table 3, CD147 expres-
sion positively correlated with MCT1 and MCT4 expression.
In addition, there were significant differences in PET meta-
bolic parameters between MCT1 and MCT4 different expres-
sion groups (Table S2), and a significantly positive correlation
existed in MCT1 and MCT4 expression and PET metabolic
parameters (Tables S3, 4). We next detected the expression of
MCT1 and MCT4 in lentiviral transduced cells using western
blotting assays. Further western blotting analyses indicated
that MCT1 and MCT4 expression was considerably

upregulated in HCC827-CD147 and H1975-CD147 cell lines.
In contrast, CD147 knockdown significantly decreased the
expression of MCTs (Fig 5b,c). Combining all the above
results, we demonstrated that CD147-mediated metabolic
regulation of LUAD progression relies on MCT1 and MCT4.

Discussion

Lung cancer is a heterogeneous and aggressive disease with
an overall five-year survival rate of 15%. Approximately
70% of lung cancer patients are diagnosed with adenocarci-
noma, which is the most common histological subtype.24

PET/CT, as a morphological and functional radiographic
imaging modality, is widely used for clinical management
of lung cancer.25 18F-FDG, a radiolabeled glucose analog,
has been developed as the most commonly used PET probe
to image glucose metabolism in tumors, and the uptake of
18F-FDG can be semiquantified by PET metabolic parame-
ters with reasonable reproducibility. SUVmax, which

Figure 3 Different levels of
CD147 expression in LUAD cell
lines and the establishment of
stable HCC827 and H1975 cell
lines with different CD147
expression levels (a) CD147
expression level was detected by
western blotting in four LUAD
cell lines. (b) The CD147/GAPDH
ratio simply represents the differ-
ent endogenous level of CD147
in four LUAD cell lines. Statistics
showed that HCC827 and
H1975 cell line exhibited the
highest CD147 expression.
(c) Establishment of stable
HCC827 cell lines (with GFP)
with different levels of CD147
expression through the lentiviral
transduction of
CD147-expressing lentiviral parti-
cles (CD147) and CD147-
targeting lentiviral particles
(CD147-sh). Verification of
CD147 expression was deter-
mined by western blotting. (d)
Construction of stable H1975 cell
lines (with GFP) with different
levels of CD147 expression. Dif-
ferent CD147 expression levels
were verified by western blotting.
GFP, Green fluorescent protein
(**P < 0.01, ***P < 0.001).
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represents the most active metabolic location within the
lesion, has been used as the most convenient metabolic
parameter. Studies have shown that 18F-FDG PET meta-
bolic parameters are not only associated with survival and
time to recurrence but also used as predictors for clinical

outcomes of lung cancer.26,27 Previous studies have shown
that 18F-FDG uptake was associated with genetic alter-
ations in NSCLC, such as KRAS and EGFR mutation.28–30

CD147 as a tumor-associated antigen is highly enriched
on the surface of various malignant tumor cells, such as

Figure 4 CD147 promoted 18F-FDG uptake in human LUAD cell lines and LUAD xenograft models. (a, b) CD147 promoted 18F-FDG uptake by
both stable HCC827 and H1975 cell lines with different CD147 expression levels. 18F-FDG was incubated in the culture media of stable HCC827
and H1975 cell lines with different levels of CD147 expression for 0.5, 1, and 2 hours. 18F-FDG uptakes by cell lines in vitro were then measured by
a γ-radioimmunoassay. The maximal γ-cell counts were observed with incubation for one hour. As demonstrated, HCC827-CD147 and
H1975-CD147 cell lines with CD147 overexpression were found to be able to take up more 18F-FDG compared to control cell lines with unaltered
expression of CD147, whereas HCC827-CD147-sh and H1975-CD147-sh cell lines with decreased expression of CD147 showed attenuated uptake
of 18F-FDG compared to control counterparts. Data were from three independent tests. CD147, control, CD147-sh (c) Representative
micro-PET/CT images of HCC827-CD147, HCC827-control, and HCC827-CD147-sh xenografts. Nude mice injected with lentiviral transduced
HCC827 cell lines with different status of CD147 expression. 18F-FDG micro-PET/CT imaging was performed to determine the influence of CD147
on glucose uptake in vivo. The tumors were clearly visible, and more 18F-FDG accumulation was observed in HCC827-CD147 xenografts than in
HCC827-control and HCC827-CD147-sh xenografts. (d) Histograms were drawn to identify the differences existed in SUVmax for xenografts devel-
oped from lentiviral transduced HCC827 cell lines with different status of CD147 expression. As shown, the SUVmax was dramatically higher in
HCC827-CD147 xenografts than in HCC827-control and HCC827-CD147-sh xenografts. Compared to the HCC827-control xenografts, SUVmax
was significantly decreased in the HCC827-CD147-sh xenografts. (***P < 0.001).

Table 3 Correlation between CD147 and MCT1/4 expression in 70 LUAD tissues

CD147 status

Total (n) R P-valueItems � ++ +++

MCT1 status � 1 1 0 2 0.299 0.012
++ 4 19 17 40
+++ 0 10 18 28

Total (n) 5 30 35 70
MCT4 status � 2 4 1 7 0.463 <0.001

++ 3 20 14 37
+++ 0 6 20 26

Total (n) 5 30 35 70
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lung cancer, ovarian cancer, liver cancer, breast cancer,
and pancreatic cancer cells.31 Several lines of previous stud-
ies have shown that CD147 is a crucial regulator of glucose
metabolism in hepatocellular carcinoma (HCC), thyroid
cancer (TC), and NSCLC.17–19 According to Huang et al.,17

CD147 significantly contributes to the reprogramming of
glucose metabolism in HCC cells through a p53-dependent
pathway, which suggests the pivotal role of CD147 in the
process of tumor-associated glycolysis. Huang et al.
explored the molecular mechanisms that CD147 plays in
TC, and their research indicated that miR-125a-5p regu-
lates CD147, and through direct repression of the expres-
sion of the CD147 protein, miR-125a-5p suppresses
aerobic glycolysis and lactate production and subsequently
reduces TC cell viability, migration, and invasion, thereby
exerting tumor suppressor functions.18 The results from a
study by Li et al. provide in vitro and in vivo evidence
that CD147-mediated glucose metabolic regulation via the
Akt/mTOR-dependent pathway significantly correlates
with EGFR-TKI treatment sensitivity prediction in
NSCLC using 18F-FDG PET/CT imaging.19 Nevertheless,
there is no definitive clinical evidence which supports hat
18F-FDG PET/CT imaging is associated with CD147 in
LUAD. In the present study, we detected CD147 expres-
sion via IHC staining in a group of 70 LUAD tissues and
analyzed the relationship between CD147 expression and
PET metabolic parameters. Our clinical observations that
CD147 expression positively correlates with 18F-FDG PET
metabolic parameters indicate that CD147 contributes to
the reprogramming of glucose metabolism in LUAD. We
therefore further conducted in vitro and in vivo experi-
ments. Consistently, CD147 promoted 18F-FDG uptake
by LUAD cell lines in vitro and the radioactive accumula-
tion of 18F-FDG in LUAD xenografts in vivo, which rev-
ealed the importance of CD147 activity in glucose
metabolism in LUAD.
Different anti-CD147 antibodies have been tested in

tumors including HCC and head and neck squamous can-
cer (HNSC).32–34 He et al. reported that Licartin conjugated
with I131 to the CD147 antibody can specifically recognize
the CD147 antigen and significantly blocks cell invasion
and growth in HCC cells.32 In 2016, a small molecule com-
pound AC-73 was identified, and this compound binds to
the N-terminal IgC2 domain of CD147 and prevents
CD147 dimerization, which results in diminished motility
and loss of invasiveness in HCC cells.33 Furthermore, a chi-
meric CD147 antibody, named CNTO3899, dramatically
inhibited HNSC cell proliferation and induced apoptosis in
an ex vivo HNSC model.34 In general, targeting CD147 is a
novel strategy for antitumor therapy in HCC and HNSC.
The results of the present study from clinical samples and
cell lines indicate that CD147 promoted glucose

Figure 5 (a) Representative IHC images of CD147 and MCT1/4.
(b) MCT1 and MCT4 expression levels were investigated in lentiviral
transduced HCC827 cell lines by western blotting. The MCT1/GAPDH
and MCT4/GAPDH ratios simply represent the level of MCT1 and
MCT4 in stable HCC827 cell lines. Both ratios were considerably higher
in established HCC827-CD147 cell lines than in HCC827-control and
HCC827-CD147-sh cell lines. (c) Consistent with stable HCC827 cell
lines, both MCT1/GAPDH and MCT4/GAPDH ratios were dramatically
upregulated in the H1975-CD147 cell line. However, both ratios were
extremely reduced in the H1975-CD147-sh cell line. (*P < 0.05,
**P < 0.01, ***P < 0.001).
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metabolism in LUAD and might be a candidate therapeutic
target for LUAD. Clinically, early response prediction and
short-term outcome prognosis of targeting therapy are
essential to further individualizing therapy. Given the limi-
tations in determining CD147 activity due to tissue avail-
ability and tumor heterogeneity, 18F-FDG PET/CT, as a
reliable, simple, and noninvasive imaging modality, has the
strength to detect early molecular responses to anti-CD147
antibodies. In addition, with the development of artificial
intelligence and PET radiomics, many quantitative features
from medical images, not just traditional metabolic param-
eters, can be extracted and analyzed to demonstrate the
genetic alterations within tumor lesions and the efficacy of
targeted drugs earlier.
As mentioned above, cancer cells undergo enhanced

aerobic glycolysis, even in the presence of sufficient oxy-
gen. The high glycolytic rate results in the production and
accumulation of lactate within tumors. To avoid intracel-
lular acidification and apoptosis, glycolytic cells must sus-
tain lactate homeostasis.35 MCTs play an important role
through their involvement in lactic acid transportation.36

In addition, cellular expression levels of MCT1 and
MCT4 have been reported to correlate with the invasion
activity of human lung cancer cells.37 Although the regu-
lation of MCT expression is still not fully understood,
previous results have indicated that one of the best-
characterized mechanisms of MCT regulation occurs
through co-expression with CD147.38 MCT1 and MCT4
directly bind to the transmembrane and cytoplasmic
regions of CD147, which play a well-established role in
trafficking MCTs to the plasma membrane for proper
function. This interaction aids in the transportation of lac-
tate across the plasma membrane and could play an impor-
tant role in pH homeostasis in the tumor
microenvironment. Given the close interaction between
CD147 and MCT1 and MCT4 in cell metabolism regulation,
we deduced that a clear functional role of CD147 in LUAD
cells is its interaction with MCT1and MCT4 involved in
enhanced aerobic glycolysis. In our study, the IHC detection
of CD147, MCT1, and MCT4 in clinical specimens showed
a significant positive correlation. Consistently, western blot
results also reveal that MCT expression was positively asso-
ciated with CD147 in human LUAD cell lines.
Certainly, there were several limitations in this study.

First, the clinical specimen was small-scale, since strict
criteria were enacted to guarantee consistency in the basic
condition of selected patients. Second, only the radioactive
uptake of 18F-FDG by LUAD cell lines and corresponding
xenografts was assessed to determine tumor glucose meta-
bolic regulation. Third, the signal transduction pathway
mechanisms responsible for the CD147-mediated enhance-
ment of tumor glucose metabolism were not further
investigated.

In conclusion, we investigated CD147-mediated glucose
metabolic regulation in LUAD and its association with 18F-
FDG PET/CT imaging. The results revealed that CD147
promoted glucose metabolism relying on MCT1 and
MCT4, which suggests it might be a candidate target for
LUAD therapy. Furthermore, with the increased impor-
tance of 18F-FDG PET/CT in supervising tumor response
to anticancer drugs, 18F-FDG PET/CT is overwhelmingly
superior in predicting and monitoring the therapeutic
response to a novel antibody targeting CD147 with reason-
able accuracy and reproducibility, which allows individual-
ized therapy and, thus, more favorable therapeutic
outcomes.
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