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Abstract
Background

Cancer-associated �broblasts (CAFs), the main component of the tumor microenvironment (TME) of
NSCLC, are activated by phenotypic transformation into myo�broblasts. α,1,6-fucosyltransferase (FUT8),
the key enzyme catalyzing core α,1,6-fucosylation (CF), plays important roles in multiple malignancies. In
the current study, we investigated the functions and mechanism of CF mediated by FUT8 in CAFs in
NSCLC through bioinformatics analysis, retrospective clinical studies and in vitro/in vivo laboratory
experiments.

Methods

Bioinformatics was used to reveal the relationship between FUT8 and CAFs. Resected specimens, clinical
data and prognostic information from 135 NSCLC patients were analyzed to assess the prognostic value
of FUT8 in CAFs. Primary CAFs and normal lung �broblasts were extracted from NSCLC patients and
cocultured with NSCLC cell lines in a novel noncontact coculture device produced by 3D printing. In vivo,
CAF/NSCLC coinjection tumorigenesis assay was performed in nude mice to study the function of
FUT8/CF in TME. The mechanisms of FUT8/CF in CAFs regulating the cocultured NSCLC cells were
investigated in cell and molecular experiments.

Results

FUT8 in CAFs is an independent risk factor for prognosis. FUT8/CF in CAFs is essential for CAFs to
maintain their ability to promote NSCLC. FUT8/CF in CAFs is responsible for the cancer-promoting
capacities of CAFs and lead to a malignant tumor microenvironment. CF modi�cation enhances tyrosine
phosphorylation of EGFR in CAFs, which causes activation of downstream signalings of EGFR and
maintains cancer-promoting properties of CAFs.

Conclusion

FUT8 regulates cancer-promoting capacities of CAFs via the modi�cation of EGFR CF in non-small cell
lung cancer.

1. Background
Lung cancer is the most common malignancy in the world[1], and non-small cell lung cancer (NSCLC)
accounts for approximately 85% of lung cancer cases[2]. Despite advances in the diagnosis and
treatment of lung cancer, the �ve-year survival rate is still below 30%[3]. Due to the presence of
micrometastasis, even early-stage patients are at risk of metastasis and relapse after radical treatment[4].
Therefore, the mechanism of NSCLC proliferation and metastasis still needs to be further explored, and
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more accurate prognostic indicators and more effective molecular therapeutic targets need to be
identi�ed.

In recent years, crosstalk between the tumor microenvironment (TME) and cancer cells has received
increasing attention[5]. The TME is the internal environment in which cancer cells grow in association with
“nontumoral” components[6]. Cancer-associated �broblasts (CAFs), the main component of the TME of
NSCLC, account for 70% of the cells in solid tumors[7] and are most often identi�ed by the expression of
speci�c biomarkers such as α-smooth muscle actin (α-SMA) [8], �broblast activating protein (FAP) and
vimentin[9]. CAFs can promote tumor progression through direct interaction and the secretion of various
cytokines[10]. Major studies have demonstrated that CAFs are transformed from normal lung �broblasts
to a myo�broblast phenotype and then acquire cancer-associated properties. Thus, elucidation of the
mechanisms of the activation and maintenance of CAFs could lead to novel diagnostic and therapeutic
approaches.

Glycosylation is a common type of posttranslational modi�cation of proteins. It is important for the
folding, stability, and many of the biologic functions of glycoproteins[11]. Glycosylation can be divided
into O-linked glycosylation and N-linked glycosylation according to the position of the sugar modi�cation,
and the latter is more common[12]. Fucosylation catalyzed by fucosyltransferases is one of the most
common forms of glycosylation [13]. Among the 13 fucosyltransferases known to be encoded by the
human genome[14], α,1,6-fucosyltransferase(FUT8), which is also known as α1,6-fucosyltransferase, is the
only enzyme that catalyzes the core α1,6-fucosylation of asparagine-linked oligosaccharides in
mammals[15]. FUT8 is responsible for the transfer of a fucosyl moiety from guanosine diphosphate
(GDP)-fucose to the innermost GlcNAc residue of hybrid and complex asparagine-linked oligosaccharides
in glycoproteins via α1,6 linkage to generate the core fucosylation (CF) [16].This modi�cation was
essential for the development and progression of cancer[11, 14, 17–20], including NSCLC. However, whether
FUT8/CF plays an important role in the TME remains unknown.

Epidermal growth factor receptor (EGFR), a member of the ERBB family of receptor tyrosine kinase super-
family of cell surface receptors, have received much attention given their strong association with
malignant proliferation[21]. EGFR serves as a mediator of cell signaling by extra-cellular growth factors to
activate intracellular pathways such as PI3K/AKT/mTOR, JAK/STAT and MAPK/ERK[22]. Deregulation of
EGFR signaling is also common in CAFs[23–25]. It was reported that the modi�cation of EGFR fucosylation
is essential for the activation of EGFR by tyrosine phosphorylation [26–28]. Extracellular ligands of EGFR
such as epidermal growth factor (EGF)[29, 30], transforming growth factor -alpha (TGF-α)[31], neuregulin1
(NRG1)[32] and G protein estrogen receptor (GPER)[23] were identi�ed to be essential for the activation and
maintenance of CAFs. Moreover, EGFR signaling were reported to be important for the cancer-promoting
ability of CAFs in breast cancer[23]. However, whether CF mediated by FUT8 regulates the cancer-
promoting ability of CAFs in NSCLC is not elucidated.
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Our previous study showed that FUT8/CF is involved in the transformation of pericytes and �broblasts
into myo�broblasts in pulmonary �brosis[33], which is very similar to the process in which normal lung
�broblasts are activated to become CAFs. Therefore, we begin with the hypothesis that FUT8/CF in CAFs
plays a key role in the activation and maintenance of the cancer-promoting capacities of CAFs in NSCLC.
During the study, we found that the activity of the ERBB family and its downstream signaling pathways in
CAFs was regulated by FUT8, and further, we identi�ed EGFR as a key protein that was regulated by
FUT8/CF. Subsequently, we con�rmed the effect of FUT8 by regulating the activity EGFR on CAFs’ cancer-
promoting capacities through molecular and cell biology experiments. yIn addition, we aimed to explore
whether the FUT8/CF levels in the TME serve as a prognostic indicator or potential therapeutic target for
NSCLC.

2. Materials And Methods
2.1 Oncomine database

To understand the correlation between FUT8 and lung cancer, we carried out data mining of the gene
expression database of lung cancer samples of Oncomine (https://www.oncomine.org/), which is the
world's largest gene chip database and integrated data mining platform. The datasets were searched with
the �lters as follows:  Gene: FUT8  Analysis: Cancer vs. Normal Analysis;  Cancer type: Lung Cancer; 
Data Type: mRNA or DNA copy number;  p-value: 0.05;  Fold Change: 1.5;  Gene Rank: 10%. The
method of data analysis is based on previous published articles[34-36]. Box charts were drawn to show the
expression of FUT8 in each dataset. The t-test was used to assess the differences between groups.

2.2 Patient characteristics and tissue preparation

Specimens from 135 patients (median age: 64 years; range 30-82) who underwent complete resection of
lung adenocarcinomas were consecutively obtained at the First A�liated Hospital of Dalian Medical
University during January 2013 and December 2014. None of the patients received chemotherapy or
radiotherapy prior to the operation. The 8th Edition International Union Against Cancer/American Joint
Committee on Cancer TNM classi�cation[37] was applied to all enrolled patients. Baseline data and
clinicopathological information were collected from the medical record system (Dr. Fengzhou Li & Dr.
Zhuoshi Li). Postoperative follow-up was completed by outpatient follow-up and telephone interviews (Dr.
Fengzhou Li & Dr. Zhe Sun). The total follow-up period was 61 months, and any patient who was lost to
follow-up or died of causes other than lung cancer was recorded as censored at the time of the most
recent follow-up. The study was approved by the Medical Ethical Committees of the First Hospital of
Dalian Medical University. All specimens were obtained from primary lesions, �xed with formalin,
embedded with para�ns, and continuously sliced at a thickness of 4 μm.

2.3 Immunohistochemistry staining and evaluation of expression level

IHC staining for FUT8 and α-SMA was performed according to the manufacturer’s instructions of the
products used in our previous studies[38, 39]. A streptavidin–peroxidase staining kit was purchased from

https://www.oncomine.org/)
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ZSGB (Beijing, China) BIO. The para�n-embedded tissues were dewaxed and rehydrated. The tissues
were incubated with primary antibodies diluted to the recommended concentration overnight at 4°C. 3,3′-
diaminobenzidine (DAB) staining was performed, and the results were observed under a microscope.
Pathological diagnosis was performed according to the 2015 World Health Organization classi�cation of
lung tumors[40] and the International Association for the Study of Lung Cancer/ American Thoracic
Society/European Respiratory Society International multidisciplinary classi�cation of lung
adenocarcinoma[41]. The evaluation of expression was conducted by three professional pathologists
separately (Dr. Ling Song, Mr. Sheng Hu and Dr. Jiaqi Qiang). Any dispute was settled by majority rule.
The sites and extents of the tumor stroma (mainly consisting of CAFs) were clearly marked by α-SMA
staining. In another slice of the same tissue, the expression levels of FUT8 in CAFs were then evaluated
according to the methodologies indicated in previous reports for evaluating protein levels in CAFs[42-46].

2.4 Culture of primary �broblasts

Tissue samples from 9 patients with a de�nitive p-stage IIIA~IIIB NSCLC were collected at the First
A�liated Hospital of Dalian Medical University from February to May in 2018. The tissues were resected
and soaked in DMEM at 0℃ and digested within 2 h in the lab. Tumor tissues and paired normal lung
tissues (collected 4~5 cm from the incisal margin) were homogenized and digested for 2.5~4 h at 37℃
in DMEM containing 0.1 mg/mL Roche DNase I (Basel, Switzerland) and 1 mg/mL Roche collagenase A.
The cells were �ltered with a 75 μm �lter and then resuspended and plated with DMEM containing 1%
penicillin/streptomycin and 15% GIBCO fetal bovine serum (FBS, Massachusetts, US). The cultures were
maintained at 37℃ in 5% CO2. After 5 passages, cell purity was tested by RT-PCR. In general, primary
�broblasts extracted in this way can survive for 10 to 14 consecutive passages in vitro. Then, CAFs were
immortalized with the SV40-large T antigen (EX-SV40T-Lv105, GeneCopoeia/Funeng, Guangdong
Province, China) following the recommended protocol. Finally, 5 paired primary �broblast cell lines were
successfully extracted and cultured and were subsequently cultured in DMEM containing 1%
penicillin/streptomycin and 10% FBS.

2.5 Cell lines and in vitro cell culture

We selected cell lines for in vitro experiments that could grow in the same medium (Dulbecco's modi�ed
eagle medium, DMEM) to observe their interaction in the coculture system. The human NSCLC cell lines
A549 and H322 were obtained from the American Type Culture Collection (ATCC, Virginia, US). The
human lung �broblast cell lines HLF, MRC5 and HFL1 were gifts from the Institute of Cancer Stem Cells
of Dalian Medical University. All the cell lines were cultured in DMEM containing 1%
penicillin/streptomycin and 10% FBS at 37°C under 5% CO2.

2.6 Noncontact coculture system

A noncontact coculture device was designed (already in the patent examination and approval process in
China) and generated by 3D printing (Wanwan 3D, Guangdong Province, China) with highly transparent
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nontoxic resin to simulate the internal environment. The reliability of the device was veri�ed in our recent
studies[47]. The schematic diagram of the device used for 3D printing is shown in Figure 3C, and a
modi�ed version that was easier to produce was used in this study (Figure 3D). The device was a vessel
consisting of two culture wells and a precipitation well. The culture wells and the precipitation well were
separated by two 2 mm-high partitions. The e�ciency of solute exchange was tested with a standard
protein solution by measuring the relationship between concentration changes and time in the two culture
wells.

During cell seeding, the levels of the liquid in both culture wells should be kept below the height of the
partition. Fibroblasts and NSCLC cells were seeded into the two culture wells, at a 2:1 ratio. After cell
adherence, DMEM containing 10% FBS was added to the vessel until the level was above the partition.
Based on the design of the coculture device, �oating cells do not go directly into the contralateral culture
well but are deposited into the precipitation well. Before the cells were manipulated in any way, the
medium in the precipitation well was drained in case any �oating cells had entered the contralateral
culture well. Then, the two cell lines were isolated again, and 0.5% trypsin was used for the separate
passage/collection of the two cell lines.

2.7 Conditioned medium

Fibroblasts were cultured in DMEM with 10% FBS and routine antibiotics. The medium was changed to
FBS-free medium when the cells had reached 80% con�uence. After 48 h, the supernatant was extracted
and centrifuged at 1600×g for 10 min. The conditioned medium (CM) was stored at –79°C and used for
the colony formation assay.

2.8 Reagents and antibodies

Primary antibodies against α-SMA and FUT8 were purchased from Abcam (Cambridge, UK). Primary
antibodies against EGFR, β-actin and ST6Gal1 were purchased from Proteintech (Hubei Province, China).
Primary antibodies against p-EGFR was purchased from Santa Cruz (Texas, USA), A primary antibody
against Twist was purchased from Wanleibio (Liaoning Province, China). Primary antibody kits for EMT
markers (9782, against N-cadherin, vimentin, Slug, Snail, β-Catenin and E-cadherin), the G1/S cell cycle
checkpoint (9870 and 9932, against CDK2, p-CDK2, CDK4, CDK6, Cyclin-E2, Cyclin-D1, Cdc25A and P21),
the MAPK/ERK1/2 pathway (9910, 9911, 9916 and 9926, against p53, p-p53, c-Raf, p-c-Raf, MEK1/2, p-
MEK1/2, ERK1/2 and p-ERK1/2), the phospho-Jak Family (97999T, against p-JAK), p-Akt (Thr308) and
the NF-kB pathway (9936, against Ikkα, Ikkβ, p-Ikkα/β, p65, p-p65, IkB and p-IkB) were purchased from Cell
Signaling Technology (Massachusetts, USA). Lens culinaris agglutinin, a lectin that can speci�cally
identify fucose, was purchased from Vector Labs (California, USA). NSC 228155, an activator of EGFR
which binds to the extracellular region of EGFR and enhance tyrosine phosphorylation of EGFR[48], was
purchased from MedChemExpress (New Jersey, USA). Other chemicals and reagents were purchased
from Sigma (St. Louis, USA) and Vetec (St. Louis, USA).

2.9 Plasmids and lentivirus
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Four mCherry labeled shRNA fragments targeting the FUT8 gene, one GFP labeled expression clone
fragment encoding the full length of the FUT8 ORF sequence and the corresponding negative control
fragments were purchased from GeneCopoeia. The sequence of the shRNAs was: sh1 5’-
GCCGAGAACTGTCCAAGATTC-3’, sh2 5’-GCGGAGAATAACATATCTTCA-3’, sh3 5’-
GGTGTGTAATATCAACAAAGG-3’, sh4 5’-GCTTCAAACATCCAGTTATTG-3’. Lentiviral particles were
generated by following a standardized protocol using highly puri�ed plasmids and EndoFectin-Lenti™ and
TiterBoost™ reagents. Viral packaging was conducted based on the recommended protocols and previous
reports. The lentiviral expression construct was validated by full-length sequencing, restriction enzyme
digestion and PCR-size validation using gene-speci�c and vector-speci�c primers. Four shRNA fragments
targeting the EGFR gene were obtained from the Human GIPZ shRNA Bank. The sequence of the shRNAs
was: Sh1 5’- AGGAACTGGATATTCTGAA-3’, sh2 5’- AGATCAGAAGACTACAAAA-3’, sh3 5’-
TGGTGTGTGCAGATCGCAA-3’, sh4 5’- ACGAATATTAAACACTTCA-3’. The making of stable shEGFR
expressing cell lines was conducted according to our previous reports[49, 50].

2.10 RNA extraction and RT-PCR.

Total RNA was extracted from CAFs and their paired normal lung �broblasts (NLFs) using the TRIzol
method according to previous reports[51]. A TransScript One-step gDNA Removal and cDNA Synthesis
Supermix purchased from Transgene (Beijing, China) was used to synthesize �rst-strand cDNA. Taq
Master Mix (Vazyme , Nanjing, China) was used for quantitative PCR according to the manufacturer's
instructions. The reaction program was set according to the Tm values of the primers. Primer sequences
were as follows: vimentin-F 5’-TGCCGTTGAAGCTGCTAACTA-3’, vimentin-R 5’-
CCAGAGGGAGTGAATCCAGATTA-3’, FAP-F 5’-ATGAGCTTCCTCGTCCAATTCA-3’, FAP-R 5’-
AGACCACCAGAGAGCATATTTTG-3’, α-SMA-F 5’-ATTGCCGACCGAATGCAGA-3’, α-SMA-R 5’-
ATGGAGCCACCG ATCCAGAC-3’.

2.11 Western blot analysis and lectin blot analysis

Total protein was collected according to the methods described in our previous report[38]. The protein
concentration of the cell lysis solution was assessed using a Thermo Fisher BCA kit. Then, 20~30 μg of
total protein was run in 10% SDS-PAGE and transferred to a PVDF membrane. The samples were
incubated with primary antibodies diluted to the recommended concentration overnight at 4°C. The
samples were incubated with an HRP-conjugated secondary antibody at room temperature for 2 h and
protein bands were detected with a chemiluminescence device. The lectin blot protocol was similar to
that of the western blot, except biotinylated Lens culinaris agglutinin was used instead of primary
antibodies.

2.12 Colony formation assay

Briefly, A549 cells or H322 cells were seeded into six-well plates (2 × 103 per well) and incubated in
complete DMEM for 24 h. Then, the medium was replaced by CM with 10% FBS, and the cells were
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cultured in a 37°C incubator with 5% CO2 for 2 weeks until they grew into macroscopic colonies. Finally,
the medium was removed, and the cell colonies were stained with 0.1% crystal violet and counted.

2.13 Transwell assay

After 5 continuous passages of coculture, cell migration and invasion assays were performed separately
in Transwell chambers with an 8.0 μm pore size (Corning, NY, USA). The cells were starved in FBS-free
DMEM overnight before they were collected and resuspended. A total of 1×105 A549 or H322 cells were
resuspended in 250 μL of DMEM with 10% FBS and injected into the upper chamber. A total of 3×105

CAFs (or other �broblasts) were resuspended in 500 μL of DMEM with 10% FBS and injected into the
lower chambers. In the invasion assay, 70 uL/well of Matrigel (Corning, NY, US) diluted with DMED at a
1:5 ratio was added to the chambers prior to the experiment. After 24 h, the upper chambers were washed
with PBS and dried at RT. The migrated or invaded cells on the back side of the Transwell membrane were
stained with 0.1% crystal violet and the numbers of cells were recorded using a microscope.

2.14 Wound-healing assay

After 5 continuous passages of coculture, a wound-healing assay was used to test cell migration ability.
NSCLC cells and �broblasts were grown to 80%-90% con�uence in the coculture plates and incubated
overnight in FBS free DMEM. NSCLC cell monolayers were wounded with a sterile 100 µL pipette tip and
washed with FBS free DMEM to remove detached cells from the plates. After 48 h, the medium was
replaced with PBS. The wound gap was observed and photographed using a microscope, and the
distance of the wound gap was measured.

2.15 Cell cycle analysis

After 5 continuous passages of coculture, cells were trypsinized and washed with PBS, resuspended in
chilled methanol, and kept overnight at -20°C. Each cell sample was then resuspended in 500 µL of buffer
containing 480 µL of PBS, 5 µL of RNase, 5 µL of PI and 10 µL of Triton X-100 and incubated at 37℃  for
30 minutes. After centrifugation, the cells were resuspended in PBS and �ltered. Cell cycle analysis was
performed using a FACS Caliber Flow Cytometer (BD Biosciences, California, US).

2.16 Immuno�uorescence staining

For immuno�uorescence staining, cells grown on chamber slides were washed with PBS and �xed with
4% paraformaldehyde for 15 minutes at room temperature. The samples were pretreated with Triton X-
100 and incubated with 10% BSA in PBS for 30 minutes. The primary antibody against FUT8 was added
to the samples, followed by incubation overnight at 4°C. Fluorescein isothiocyanate-and rhodamine-
conjugated secondary antibodies and red luminous LCA were added and followed by incubation of 1 h at
room temperature. DIPI was added to stain the nuclei. The samples were examined with a �uorescence
microscope.

2.17 Immunoprecipitation (IP) assay
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Lysates of �broblasts were mixed with EGFR or IgG antibodies and placed on a 4℃ table shaker for
overnight. Then, 40 ug protein A/G magnetic nanospheres (Santa Cruz, Texas, USA) were added in the
mixture and were shaken at 4℃ for 4 h. EGFR proteins were extracted following the recommended
protocols and analyzed by lectin blotting described above.

2.18 In vitro coculture assay

To obtain an appropriate initial ratio at which combined CAFs/NSCLC cells could grow continuously and
maintain a proper constitution that best simulates the TME in direct contact coculture, an in vitro
coculture assay was conducted. GTP (green)-labeled CAFs and mCherry (red)-labeled A549 cells were
combined in test tubes and seeded in 10 cm dishes for direct contact coculture. After continuous culture
for 5 passages, the cells were observed under a �uorescence microscope. The stable cell ratios were
calculated as a reference to select the initial cell ratio for in vivo coinjection.

2.19 Subcutaneous co-injection tumorigenesis in nude mice

21 Female BALB/c nu+/nu+ nude mice aged 4 to 6 weeks were purchased and housed in the Speci�c
Pathogen Free Animal Center of Dalian Medical University, and were divided randomly into three groups
with 7 mice in each group. All procedures involving mice were approved by the Committee for the Care
and Use of Laboratory Animals of Dalian Medical University. In this model system, �broblasts (CAFs-NC,
CAFs-shFUT8 or HLF) were mixed with epithelial cells (A549). CAFs and A549 cells were mixed at a 2:1
ratio, cast in Matrigel (total cell number of 5×105 in 100 uL gel) and then were injected subcutaneously
into the left �ank of each mouse. The tumor sizes and the weights of the mice were examined every 7
days after injection. The recombinant tissue was retrieved after a designated period of time (28 days) and
analyzed. The wet weight of each recombinant tissue was recorded at harvest. The tissues were formalin-
�xed, para�n-embedded, and analyzed histologically.

2.20 Bioinformatics and gene enrichment analysis

The data used in the analysis came from the GSE22862 gene chip from the NCBI Gene Expression
Omnibus (GEO) and were obtained from CAFs from the tumor tissues of 15 primary NSCLC cases. The
differential expression of genes was calculated using the R pack limma. Enrichment analysis was
conducted for the genes that were signi�cantly coexpressed with the FUT8 gene (P<0.05) the using R
package Cluster-Pro�ler.

2.21 Statistical analysis

Statistical data were analyzed using IBM Statistical Product and Service Solutions 25.0. The differences
in clinical characteristics associated with different FUT8 expression levels were evaluated using the Chi-
square Test and the Fisher Exact Probability Test. To adjust the heterogeneity of the follow-up period,
survival curves were plotted on the basis of Kaplan-Meier Survival Analysis[52], and the differences
between the curves were analyzed by the Log-Rank Test[53]. The Cox’s Proportional Hazards Model was
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applied to analyze the signi�cance and independence of the in�uence of all the studied clinical and
pathological factors on both tumor recurrence and cancer death risk during the follow-up period[54]. As
dummy variables were established to analyze polytomous variables, the method whereby variables
entered the Cox’s equation was limited to the ‘Enter’ method, which means that all the variables entered
the equation at the same time. The difference was considered to be signi�cant at P<0.05.

3. Results
3.1 FUT8 was overexpressed in the CAFs of most lung adenocarcinoma cases

Totally 450 datasets were searched in the Oncomine database and 89 of them reported FUT8 expression
changes in cancer vs. normal tissue. 73 out of the 89 (82%) datasets suggested that FUT8 was
overexpressed in cancers, including lung, breast, colorectal, esophageal cancer. (Figure 1A).7 datasets
reported FUT8 expression in lung cancer vs. normal lung. All of these datasets suggested that FUT8 was
overexpressed in lung cancer. The comparison of FUT8 across the 7 analyses was shown in
Supplementary �gure 1A. Box charges for FUT8 expression in the 7 datasets were shown in Figure
1B~1H. Totally 963 samples were analyzed in the 7 datasets, showing that FUT8 was signi�cantly
overexpressed in adenocarcinoma rather than in any other types of lung cancer or normal lung tissues.
The 7 datasets showed that FUT8 was expressed at 1.626~2.569 folds higher in lung adenocarcinomas
than that in normal lung tissues.

To con�rm these �ndings, FUT8 was tested by western blotting in 5 lung adenocarcinoma tissues and
paired normal lung tissues. FUT8 was overexpressed in the tumors compared with the normal tissues in
all 5 cases (Figure 1I). In the IHC staining analysis of the 135 NSCLC cases, 20 cases involving solid
predominant, mucinous and micropapillary predominant lung adenocarcinomas were excluded because
of failure to separate the tumor stroma from the cancerous epithelium (representative images are shown
in Figure 1J). FUT8 expression was successfully evaluated in 115 cases, and representative images are
shown in Figure 1L. It was found that FUT8 was overexpressed in tumor cells in almost every case, and in
tumor stroma of 62 out of the 115 cases.

3.2 FUT8 expression in CAFs correlates with long-term prognosis

The baseline information and characteristics of the 115 patients are shown in Table 1. The relationship
between FUT8 expression and clinicopathological factors is shown in Table 2. We found that the ratio of
FUT8 positivity increased       with the T staging of the tumor. The �ndings are not statistically signi�cant
because of limitation by the current sample size. However, statistically signi�cant results will likely to
appear when the cumulative sample size increases in future studies. The survival curves (Figure 2)
indicated that, in addition to the T (p<0.001) and N (p<0.000) stages, FUT8 expression levels in CAFs can
affect overall survival (p=0.026) and disease-free survival (p=0.027). These results were in accord with
the univariate analysis of Cox’s proportional hazard model (Table 3). Furthermore, Cox’s multivariate
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analysis showed that the T stage, N stage and FUT8 expression of CAFs can all serve as independent risk
predicting factors for both overall and disease-free survival (Table 4).

3.3 FUT8 is overexpressed in CAFs and mediates high levels of CF

Five pairs of CAFs/NLFs were successfully isolated. Representative morphological characteristics
observe in the comparison of primary CAFs with primary NLFs and lab-grown HLF cells are shown in
Supplementary �gure 1B. Primary �broblasts were longer and thinner. Although some previous reports
have indicated that morphological differences exist between CAFs and NLFs[55-57], no signi�cant
differences were observed in the current study. The isolated primary �broblasts were identi�ed on the
basis of speci�c markers of myo�broblasts (Figure 3A), showing that phenotypic differences existed
between CAFs and NLFs. Western blotting showed that FUT8 was overexpressed in 4 out of 5 CAFs (P01,
P03, P07, P08) compared with the corresponding NLFs (Figure 3B). lectin blotting (LCA) showed
coincident results of increased CF in the 4 pairs of primary �broblasts (Figure 3C). As a result, The CAFs
of P03, which probably showed the most signi�cant difference in CF between CAFs and NLFs, were
selected for the following study.

FUT8 and ST6Gal1 (key enzyme for sialic acid glycosylation) were tested by western blotting in CAFs and
three frequently-used lab-grown human normal lung �broblast cell lines (MRC5, HLF1 and HLF, Figure 3D,
3E). FUT8 and ST6Gal1 together catalyze most glycosylation modi�cations in mammals[58]. These
results indicated that the general glycosylation level in CAF is higher than that in normal lung �broblasts.
HLFs exhibited the lowest glycosylase level and the weakest myo�broblast phenotype. Thus, HLF cells
were selected as the control cell line for comparison with the CAFs, as NLFs was very di�cult to culture
continuously in vitro. To visually observe the relationship between FUT8 and CF, immuno�uorescence and
lectin �uorescence staining was conducted in P03 CAFs and NLFs, and lab-grown HLF cells were used as
a control (Figure 3F). FUT8 was overexpressed in both the cytoplasm and nucleus of CAFs and was
expressed at low levels in NLFs and HLF cells. It was interesting that secretory vesicles containing large
amounts of FUT8 were observed in CAFs (indicated by white arrows in the zoomed images). These
results suggested that the posttranslational CF modi�cation of both secretory proteins and intracellular
proteins was very active in CAFs.

3.4 FUT8 in CAFs was necessary for the construction of an invasive tumor microenvironment in vivo

Four shRNA fragments were used for downregulating FUT8 in CAFs and the effects of gene intervention
were tested by western blotting (Figure 4A). Sh4 was used for producing the stably shFUT8-expressing
CAFs. Lectin blotting showed that CF levels were downregulated in CAFs-shFUT8 (Figure 4B).

For animal pre-experiments, an in vitro coculture assay was conducted. In previous articles, inappropriate
coinjection ratios often resulted in the absence of �broblasts or too few tumor cells in the generated
tumors. Thus, it is important to investigate a proper ratio for the cell mixture. According to the results, a
ratio of CAFs:A549 = 2:1, which stably mimics a TME similar to that of primary lung cancer, was selected
as the initial ratio for subcutaneous coinjection into nude mice (Figure 4C). After 28 days of observation,
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the tumors were removed (Figure 4F). The recorded changes in body weight and tumor diameter and the
�nal masses of the tumors are shown in Figure D~E, G. The growth of CAF-NC tumors was signi�cantly
faster than that of tumors in the control group (HLF). However, tumor growth was dramatically blocked by
the downregulation of FUT8 in CAFs.

Furthermore, IHC staining showed the interior structure of the reconstructed tumors. The sites and extents
of the stroma were clearly marked by α-SMA staining. It was interesting to �nd that the cancerous
epithelium was more mixed with the stroma in the CAF-NC/A549 tumors. In the CAF-shFUT8/A549
tumors and HLF/A549 tumors, the tumor cells preferred to clump together rather than invade the stroma
(Figure 4H). This �nding was most obvious at the junctions between the epithelial tissues and the stroma
indicated by white and black arrows in Figure 4H. Cancer cells rarely invaded the stroma in the CAF-
shFUT8/A549 tumors. The invasion of cancer cells was slightly more obvious in the HLF/A549 tumors
and was most obvious in the CAFs-NC/A549 tumors.

3.5 CF mediated by FUT8 is necessary for maintaining the protumorigenic capacity of CAFs

FUT8 was upregulated in the stably FUT8-overexpressing HLFs (Figure 5A). Lectin blotting showed that
CF levels were upregulated in CAF-FUT8 OE cells (Figure 4B). A549 and H322 were treated with
conditioned medium of �broblasts. The downregulation of FUT8 in CAFs dramatically reduced their
ability to promote the cell proliferation of NSCLC cells, while the upregulation of FUT8 in HLFs slightly
increased this ability (Figure 4C). The Transwell migration and invasion (matrigel) assays showed that
the downregulation of FUT8 in CAFs dramatically reduced the migration and invasion of cocultured
NSCLC cells, while the upregulation of FUT8 in HLFs only caused slightly increased migration in H322
cells (Figure 4D,4E).

Non-contact coculture system was successfully established. A concise 3D printing illustration of the
prototype coculture device design is shown in Figure 4F, and the improved design of this device used in
the current study is shown in Supplementary Figure 1C. Evaluation of the e�ciency of solute exchange
showed that the diffusion time of the standard protein solution was 40 to 50 minutes (Supplementary
Figure 1D).As the change in migration abilities was signi�cant, the results regarding cell migration were
recon�rmed in the wound healing assays using the non-contact coculture system (Figure 4G).

The AO/EB assay showed that the downregulation of FUT8 in CAFs and upregulation of FUT8 in HLFs
didn’t resulted in change of number of apoptotic H322 cells in the non-contact coculture system
(Supplementary �gure 2A). This result was con�rmed by AV/PI staining and �ow cytometry apoptosis
assays (Supplementary �gure 2B).

PI Staining and �ow cytometry analysis showed that the downregulation of FUT8 in CAFs led to blockage
of the G1/S checkpoint in NSCLC cells in the non-contact coculture system, as the ratio of cells in G0/G1
increased, while the ratio of cells in S phase decreased. However, no change in the regulation of cell cycle
of NSCLC cells could be observed when FUT8 was upregulated in the cocultured HLFs (Figure 5H). The
results implied that G2/M blockage had probably occurred as diploids were observed in H322 cells and
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part of A549 cells (yellow peaks); however, this was not supported by enough molecular evidence (data
not shown). The results implied that FUT8/CF was necessary but insu�cient for lung �broblasts to
acquire the capacity to promote the cell cycle of NSCLC cells.

To explain these �ndings, signaling pathways of NF-kB, MAPK/ERK1/2, Biomarkers of EMT and cell cycle
G1/S checkpoint in A549 cells in the non-contact coculture system were tested by western blotting.
(Figure 5I~L). The results showed that the downregulation of FUT8 in CAFs led to dramatic inhibition of
these signalings in NSCLC cells in the non-contact coculture system, while HLF-FUT8 OE cells didn’t show
a matching increase in these signalings. This result is in accord with the change in proliferation,
migration, invasion, and cell cycle of NSCLC cells in the non-contact coculture system, and supports the
fact that high-FUT8/CF CAFs help to construct a more invasive TME. However, this �nding also
suggested that only upregulation of CF modi�cation in HLFs cannot make them to become as
protumorigenic as CAFs.

3.6 Potential mechanisms of FUT8 maintaining the tumor-promoting phenotype of CAFs

Although it is believed that CAFs most likely promote the growth of tumors in a paracrine manner, we
noted that it was also important that CAFs maintained their cancer-promoting phenotype in dynamic
symbiosis with tumor cells. To explain the potential mechanisms by which FUT8 acts to maintain the
tumor-promoting phenotype of CAFs, we analyzed the gene microarray data from the GEO which contains
the genome data of 15 CAF cell lines. Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis
predicted 20 biochemical functional domains that were signi�cantly regulated by FUT8/CF activity in
CAFs (Supplementary Figure 6A). Gene set enrichment analysis (GSEA) was carried out, showing that 4
signaling pathways were regulated by the FUT8/CF activity in CAFs (Figure 6A, B, C, D). Among the 4
pathways, the ErbB tyrosine kinase receptor family pathway, the apoptosis regulation network and the β-
alanine metabolism pathway were upregulated, while the neuroactive ligand-receptors pathway was
downregulated by the overexpression of FUT8/CF. The heatmap showed an intuitive view of the
activation of the ErbB pathway by FUT8/CF (Figure 6E), and the heatmaps of the other three altered
pathways are shown in the supplementary data. The further analysis showed that the increase of gene
copies occurred in none of the ErbB genes (EGFR, HER2, HER3 and HER4). However, the gene copies of
downstream signal factors such as PIK3CA (PI3Kp110α), PIK3CB (PI3Kp110β), PTEN, MTOR (mTOR),
STAT3, STAT5A and STAT5B were increased signi�cantly in FUT8 high-expressing CAFs (Figure 6F).

3.7 CF mediated by FUT8 regulates cancer-promoting capacities of CAFs via the modi�cation of EGFR
fucosylation

As EGFR and its downstream signaling molecules are mostly activated by phosphorylation modi�cations,
it was essential to recon�rm the regulation of FUT8/CF modi�cation on EGFR and its downstream
signalings. EGFR, p-EGFR and FUT8 in the 5 pairs of primary CAFs/NLFs were tested by western blotting
(Figure 7A). The expression of EGFR showed no change between CAFs and NLFs, while p-EGFR was
consistent with the expression of FUT8. Four shRNA fragments were used for downregulating FUT8 in
CAFs and the effects of gene intervention were tested by western blotting (Figure 7B). Sh2 was used for
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producing the stably shEGFR CAFs. The binding of fucose to EGFR was tested by immunoprecipitation
and lectin blotting (Figure 7C). EGFR was successfully enriched and the fucose binding to EGFR was
consistent with the expression of FUT8, which recon�rmed the fucoglycosylated modi�cation of EGFR.
Rescue experiments were conducted respectively in CAFs and HLFs, and the results are shown in Figure
7D, E, which strongly support that EGFR and its downstream signalings are regulated by FUT8/CF
modi�cation. Further, clone formation assay showed that downregulation of EGFR tyrosine
phosphorylation led to reduced cancer-promoting capacity of CAFs(Figure 7F), and counteraction of the
cancer-promoting capacity of FUT8 overexpressing HLFs (Figure 7G).

4. Discussion
As the most abundant component of the TME, CAFs are considered to be responsible for the tumor
promoting effects of the TME. CAFs in�uence NSCLC cells by secreting a variety of cytokines, thereby
affecting the proliferation, migration, invasion and other biological behaviors of NSCLC cells. In addition,
cancer cells participate in positive feedback with the activation and maintenance of the cancer-
associated properties of CAFs[59]. In the current study, we aimed to investigate the effect of FUT8/CF on
the maintenance of the cancer-associated properties of CAFs, and their potential use in the determination
of prognosis and molecular therapy. Researchers have tried many methods for stimulating the tumor
microenvironment both in vivo and in vitro, especially for restoring the interaction between CAFs and
tumor cells. Classic models include the use of conditioned medium, the Transwell system[60], the Boyden
chamber system[61], and xenoanimal coinjection models[62]. In recent years, micro�uidic chip
technology[63] and the patient-derived xenograft mouse model [64] (PDX) have also become common
research tools. In the current study, we introduced a novel noncontact coculture device, that overcomes
the limitations of previous models in terms of cell quantities and passages, and its practicality was
experimentally veri�ed.

Consistent with previous reports, the current study showed that FUT8 was overexpressed in NSCLC
tissues. Moreover, FUT8 was overexpressed not only in cancerous epithelial cells (NSCLC cells) but also
in the tumor stroma (CAFs) in more than half of the NSCLC cases. Although the FUT8 overexpression in
CAFs was not as high as that in NSCLC cells in these cases, it was clearly higher than in the paired
normal lung tissues. Based on our �nding in previous studies that CF mediated by FUT8 plays a key role
in the transformation of pericytes and �broblasts into myo�broblasts, we assumed that FUT8 functions
similarly in the activation and maintenance of CAFs. More importantly, we con�rmed FUT8 expression in
CAFs as an independent risk factor for long-term prognosis in 115 patients who were retrospectively
observed. These results implied that patients with high FUT8 in CAFs likely had tumors that were so
aggressive and metastatic that they had already formed micrometastases that could not be detected by
screening before surgical treatments.

To investigate the effects of FUT8 on CAFs, we extracted primary CAFs and NLFs from very aggressive
NSCLC with a clinical stage of at least IIIA. For example, the CAFs used in the functional and mechanism
experiments (P03) were extracted from a female patient with stage IIIA lung adenocarcinoma. It was
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found that FUT8 and CF were upregulated in more than half of those CAFs compared with their paired
NLFs. In addition, the level of CF was largely consistent with the expression of FUT8 in these primary cell
lines. It was interesting that secretory vesicles containing abundant FUT8 were observed in CAFs rather
than in NLFs or lab-grown HLFs. This implied that the fucosylation of secretory proteins was much more
active in CAFs compared with NLFs and HLF.

In the current study, the silencing of FUT8 in CAFs and the upregulation of FUT8 in HLFs affected the
biofunctions of the cocultured NSCLC cells. This paper is the �rst to provide images of the histological
structure of an arti�cial TME in mice subjected to subcutaneous coinjection of CAFs/NSCLC. The cell
mixture of CAFs-NC/A549 cells showed dramatic tumor formation and growth abilities compared with the
CAF-shFUT8/A549 and HLF/A549 (control group) cells. To our surprise, IHC staining showed a very
invasive microenvironment inside the tumors generated by CAFs-NC /A549 cells. In contrast, the of CAF-
shFU8/A549 tumors exhibited a very inactive microenvironment in which the NSCLC cells showed almost
no invasion into the stroma and compacted into clumps.

Later we noted the effect on tumor proliferation regulated by FUT8 in CAFs in vitro. It was assumed that
there are two possible reasons for this effect: FUT8 in CAFs inhibits the apoptosis of NSCLC, or  FUT8
in CAFs positively regulates the cell cycle of NSCLC. Unfortunately, the apoptosis assays led to rejection
of the �rst hypothesis. On the other hand, the cell cycle assays indicated that the downregulation of FUT8
in CAFs induced cell cycle blockage in NSCLC. Analysis showed that this block occurred at the G1/S
checkpoint, during which the cells complete their preparation of DNA synthesis and enter S phase to
begin synthesis. The assessment of G1/S biomarkers con�rmed this �nding. This result implied that
G2/M blockage had probably occurred, as diploids were observed in NSCLC cells. However, this
possibility was not supported by enough molecular evidence. The effects on tumor migration and
invasion were �rst demonstrated by wound healing assays and Tranwell assays. It was also molecularly
proved that FUT8 in CAFs/HLFs had a positive effect on NSCLC in regard to EMT. The presence of FUT8
in �broblasts leads to the high level of CF and subsequently increasing the capacity of CAFs to induce the
EMT of NSCLC cells, thereby enhancing tumor migration and invasion. In addition, signi�cant change in
the either cell cycle or migration/invasion was rarely observed in NSCLC cells cocultures with HLF-
NC/HLF-FUT8 OE, implying that although FUT8 was essential for CAFs to affect the cell cycle of NSCLC
cells, upregulation of FUT8 alone without systematic activation does not confer the same capacity upon
HLFs.

The above results are supported by the test of signalings of NF-kB, MAPK/ERK1/2, EMT and cell cycle
G1/S checkpoint in A549 cells cocultured with �broblasts in the non-contact coculture system. The 4
signalings are respectively responsible for cell proliferation, formation of an in�ammatory environment,
cell migration and regulation of cell cycle. The downregulation of FUT8/CF in CAFs led to signi�cant
inhibition considerably upstream of the 4 signalings, which probably contributed to the blockage of the
cell cycle, inhibition of EMT, and the less invasive microenvironment, thereby causing slowed growth and
delayed progression of NSCLC. However, molecular change in NSCLC cells cocultures with HLF-NC/HLF-
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FUT8 OE was also less signi�cant compared with that of NSCLC cells cocultures with CAF-NC/CAFF-
shFUT8.

It was showed by the GSEA that the low expression of FUT8/CF led to inhibition of both extrinsic and
intrinsic apoptosis pathways. There has been a debate about the effect of FUT8/CF on cell apoptosis in
different types of cell and tissue as some researchers reported promotion[66-68], and one reported
inhibition[69]. However, whether it was the reason of the inhibited capacity of FUT8 low-expressing CAFs
remains unknown. Moreover, the inhibition of the ErbB pathway may be more important for the inhibited
cancer-promoting capacities of FUT8 low-expressing CAFs, as it blocked multiple growth factor signals[70]

that were previously proved to be necessary for the activation and maintenance of CAFs, including EGF,
TGF-α, NRG1 and so on. The unchanged gene copy numbers of the ErbB genes implied that the activity of
these genes was not regulated at the level of transcription and translation. As was reported in previous
articles that the EGFR can only function if it is properly glycosylated[28, 71], it is considered that the
downregulation of FUT8 blocked core fucosylation of the ErbBs and as a result inhibited the signals to
activate the downstream pathways such as the PI3K/AKT/mTOR, JAK/STAT and MAPK/ERK1/2.
Additionally, although the downregulated β-alanine metabolism pathway and the upregulated neuroactive
ligand-receptors (with down-regulated FUT8/CF) are not closely related to tumor progression, we noted
that a lot of genes responsible for cell metabolism and biosynthesis were altered. However, the
signi�cance and mechanisms of these �ndings remained to be investigated.

Finally, the hypothesis based on the result of GSEA that EGFR was regulated by FUT8/CF in CAFs has
been veri�ed by in vitro experiments. In addition to the constant expression level of EGFR in different
primary lung �broblasts, the consistency of EGFR phosphorylation and FUT8 expression level indicated
that the gene was likely modi�ed by CF. This mechanism was con�rmed by further immunoprecipitation
and lection blotting. Most importantly, the relationship between EGFR activation and the phosphorylation
of its downstream major signal transducers, including ERK, JAK and Akt, were tested in the rescue
experiments by western blotting and in vitro coculture proliferation assays.

Conclusion
The current study has provided a complete collection of evidence to prove that CF mediated by FUT8 in
CAFs is essential for CAFs to acquire and maintain the ability to promote the development and
progression of NSCLC. FUT8 is overexpressed in the TME in the majority of cases of lung
adenocarcinomas, and is an independent risk factor for long-term prognosis. FUT8/CF in CAFs is
responsible for the cancer-promoting capacities of CAFs and lead to a malignant tumor
microenvironment, in which NSCLC cells show faster cell proliferation and greater aggressiveness. CF
modi�cation enhances tyrosine phosphorylation of EGFR in CAFs, which causes activation of
downstream signalings of EGFR and maintains cancer-promoting properties of CAFs.

List Of Abbreviations



Page 18/34

NSCLC: non-small cell lung cancer

CAFs: cancer-associated �broblasts

TME: tumor microenvironment

FUT8: fucosyltransferase 8, α1,6-fucosyltransferase

CF: core α1,6-fucosylation

GEO: Gene Expression Omnibus

EMT: epithelial-mesenchymal transition

MAPK/ERK: Mitogen-activated protein kinase/ extracellular signal-regulated kinase

NF-kB: nuclear factor kappa-B

α-SMA: alpha smooth muscle actin

FAP: �broblast activating protein

GDP: guanosine diphosphate

GlcNAc: N- acetylglucosamine

DAB: 3,3′-diaminobenzidine

DMEM: Dulbecco's modi�ed Eagle medium
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Due to techinical limitations, Tables 1-4 available in the Supplementary Files section below.

Supplementary Figure Captions
Supplementary �gure.1 (a) Comparison of FUT8 across the 7 analyses shows the detailed information of
the 7 datasets. (b) Morphological characteristics were observed with an inverted microscope. Scale bar:
500 μm. (c) The schematic diagram and a real photo of the improved design of the coculture device used
in the current study. A more detailed blueprint for 3D printing is available freely from the corresponding
authors upon request. (e) Time-concentration curves were drawn by testing the concentration of the
standard protein solution in the two wells with a BCA quantitative kit and a microplate reader. The
experiment was repeated three times.

Supplementary �gure.2 (a) Apoptosis of A549 and H322 cells cocultured with �broblasts were tested by
AO/EB staining assays. The experiments were repeated three times, and the quantitative data are shown
in the bar chart. (b) Apoptosis of A549 and H322 cells cocultured with �broblasts were tested by AV/PI
staining and �ow cytometry. Quantitative data are shown in the bar charts.

Supplementary �gure.3 (a) KEGG analysis shows 20 biochemical functional domains that are
signi�cantly regulated by FUT8/CF activity in CAFs. (b) (c) (d) Heat map based on the folds of change in
expression of genes in the three signaling pathways. Color from red to blue: gene expression in CAFs
compared with the median level. Zoom in to see the gene names on the left side of the heat maps.

Figures
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Figure 1

FUT8 was overexpressed in the CAFs of most adenocarcinoma cases. (a) Cancer type analysis of 89
datasets in Oncomine. Red: overexpression. Blue: low-expression. (b-h) Box charges showing the FUT8
levels across cancer/normal tissues. Sample size of each group is marked in brackets. ADU: lung
adenocarcinoma. SCLC: small cell lung cancer. SQU: squamous cell lung carcinoma. CAR: lung carcinoid
tumor. LCLC: large cell lung cancer. (i) FUT8 was tested by western blotting in 5 NSCLC and paired normal
tissues. (j) Representative images of α-SMA and FUT8 tested by IHC in the 3 excluded histological
subtypes of lung adenocarcinoma. (L) Representative images of α-SMA and FUT8 tested by IHC in lung
adenocarcinomas and paired adjacent tissues. Sol: solid, Muc: mucinous, Mp: micropapillary, Lep: lepidic,
Aci: acinar, Pap: papillary predominant adenocarcinoma. Scale bar: 100 μm.
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Figure 2

FUT8 expression in CAFs correlates with long-term prognosis. Survival curves are drawn by Kaplan-Miere
survival analysis regarding the relationship between (a) FUT8 in CAFs and overall survival, (b) FUT8 in
CAFs and disease-free survival, (c) T staging and overall survival, (d) N staging and overall survival.
Censored data are marked with short lines perpendicular to the curves.
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Figure 3

FUT8 is overexpressed in CAFs and mediates high levels of CF. (a) Myo�broblast markers in the total RNA
of the 5 pairs of primary �broblasts were tested by RT-PCR. Quantitative data are shown in the dot chart.
(b) Myo�broblast markers and FUT8 were tested by western blotting in primary CAFs and paired NLFs.
Quantitative data are shown in the box chart. (c) Corresponding fucosaccharide binding levels were
tested by lection boltting. LCA: lens culinaris agglutinin. CBB: Coomassie brilliant blue. Quantitative data
are shown in the box chart. (a) FUT8 and α-SMA were tested by western blotting in CAFs and lab-grown
normal �broblasts. Quantitative data are shown in the bar chart. (b) ST6Gal1 and α-SMA were tested by
western blotting in CAFs and lab-grown normal �broblasts. Quantitative data are shown in the bar chart.
(f) FUT8 immuno�uorescence (green) and fucosaccharide lectin �uorescence (red). White arrows:
secretory vesicles containing large amounts of FUT8 were only observed in CAFs. Magni�cation:
400×/800×.
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Figure 4

FUT8 in CAFs was necessary for the construction of an invasive tumor microenvironment in vivo. (a) 4
shRNA fragments were used for downregulating FUT8 in CAFs and the effects of gene intervention were
tested by western blotting. Quantitative data are shown in the bar chart. (b) Lentivirus-packed sh4 was
used to stably downregulate FUT8 in CAFs. The effects were tested lectin blotting. Quantitative data are
shown in the box chart. (c) Fluorescent labeled A549 (green) and CAFs (red) were cocultured immediately
and contiguously in vitro to stably mimics a TME similar to that of primary lung cancer. Magni�cation:
200×. Quantitative data are shown in the line chart. (d) Change in body weights of the mice are shown by
line chart. (e) Changes in tumor diameters are shown by line chart. (f) Nude mice in the experiment and
the generated tumors. (g) Wet weights of the tumors removed from the mice is shown by dot chart. (h)
Histological structures of tumor stoma are marked with α-SMA IHC staining assays. In the CAF-
shFUT8/A549 tumors and HLF/A549 tumors, the tumor cells preferred to clump together rather than
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invade the stroma. white arrows: NSCLC cells invade into stromal cells. black arrows: The clear
boundaries between tumor stroma and large masses of parenchyma. Scale bar: 100 μm.

Figure 5

CF mediated by FUT8 is necessary for maintaining the protumorigenic capacity of CAFs. (a) (b)
Lentivirus-packed FUT8 coding sequence was used to stably upregulate FUT8 in HLFs. The effects were
tested by western blotting and lectin blotting. Quantitative data are shown in the box charts. (c)
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Proliferation of A549 and H322 cells cultured with the conditioned medium of CAFs or HLFs were tested
by clone formation assay. Quantitative data are shown in the bar chart. (d) (e) Migration and invasion
(matrigel) of A549 and H322 cells cocultured with the �broblasts were tested by Transwell assays.
Magni�cation: 100×. Quantitative data are shown in the bar charts. (f) The schematic diagram of the
device for the establishment of an in vitro non-contact coculture system. A more detailed blueprint for 3D
printing is available freely from the corresponding authors upon request. (g) Migration of A549 and H322
cells cocultured with the �broblasts in the non-contact coculture system were tested by wound healing
assays. Magni�cation: 200×. All the experiments were repeated three times. (h) Cell cycle of A549 and
H322 cells cocultured with the �broblasts were tested by PI staining and �ow cytometry. And the
quantitative data are shown in the bar chart. Yellow peaks: diploids were observed in the assessed cells.
Quantitative data are shown in the bar chart. (i) (j) (k) (l) Signaling pathways of NF-kB, MAPK/ERK1/2,
Biomarkers of Mesenchymal epithelial transformation (EMT) and cell cycle G1/S checkpoint in A549
cells cocultured with �broblasts in the non-contact coculture system were tested by western blotting. All
experiments in this section were repeated three times.
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Figure 6

Potential mechanisms of FUT8 maintaining the tumor-promoting phenotype of CAFs. (a) (b) (c) (d) Gene
set enrichment analysis (GSEA) shows the gene list index of the ErbB TKR family pathway, the apoptosis
regulation network, the β-alanine metabolism pathway and the neuroactive ligand-receptors. TKR:
tyrosine kinase receptor. (e) Heat map based on the folds of change in expression of genes in the ErbB
tyrosine kinase receptor family pathway. Color from red to blue: gene expression in CAFs compared with
the median level. Zoom in to see the gene names on the left side of the heat maps. (g) The expression of
the ErbB genes in FUT8 high/low groups is shown by the box chart. (h) The expression of downstream
genes of the ErbB signaling in FUT8 high/low groups is shown by the box chart.
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Figure 7

CF mediated by FUT8 regulates cancer-promoting capacities of CAFs via the modi�cation of EGFR
fucosylation. (a) EGFR, p-EGFR and FUT8 were tested by western blotting in primary CAFs and paired
NLFs. Quantitative data are shown in the box chart. (b) 4 shRNA fragments were used for downregulating
FUT8 in CAFs and the effects of gene intervention were tested by western blotting. Quantitative data are
shown in the bar chart. (c) The binding of fucose to EGFR was tested by immunoprecipitation (IP) and
lectin blotting. Quantitative data are shown in the bar chart. (d)(e) EGFR signaling and the
phosphorylation of ERK, JAK and Akt in CAFs and HLFs were tested by western blotting. Quantitative
data are shown in the bar charts. NSC 228155 is an activator of EGFR, binds to the extracellular region of
EGFR and enhance tyrosine phosphorylation of EGFR. (f)(g) Proliferation of A549 and H322 cells cultured
with the conditioned medium of CAFs or HLFs were tested by clone formation assay. Quantitative data
are shown in the bar chart.
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