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Inhibition of Nogo-B reduces the progression
of pancreatic cancer by regulation
NF-kB/GLUT1 and SREBP1 pathways

Tianxiang Wang,1,7 Min Zhang,1,7 Xinyu Gong,1 Wanjing Chen,2 Ying Peng,1 Chenzhong Liao,1 Hongmei Xu,1

Qingshan Li,1 Guodong Shen,3 Huirong Ren,3 Yaxin Zhu,4 Baotong Zhang,5 Jiali Mao,6 Lingling Wei,1,*

Yuanli Chen,1,* and Xiaoxiao Yang1,8,*
SUMMARY

Pancreatic cancer (PC) is a lethal disease and associatedwith metabolism dysregulation. Nogo-B is related
to multiple metabolic related diseases and types of cancers. However, the role of Nogo-B in PC remains
unknown. In vitro, we showed that cell viability and migration was largely reduced in Nogo-B knockout or
knockdown cells, while enhanced by Nogo-B overexpression. Consistently, orthotopic tumor and metas-
tasis was reduced in global Nogo knockout mice. Furthermore, we indicated that glucose enhanced cell
proliferation was associated to the elevation expression of Nogo-B and nuclear factor kB (NF-kB). While,
NF-kB, glucose transporter type 1 (GLUT1) and sterol regulatory element-binding protein 1 (SREBP1)
expression was reduced in Nogo-B deficiency cells. In addition, we showed that GLUT1 and SREBP1
was downstream target of NF-kB. Therefore, we demonstrated that Nogo deficiency inhibited PC pro-
gression is regulated by the NF-kB/GLUT1 and SREBP1 pathways, and suggested that Nogo-B may be
a target for PC therapy.

INTRODUCTION

Pancreatic cancer (PC) is a global malignancy, and one of the most lethal diseases. More worryingly, PC is expected to overtake colorectal

cancer and trail only lung cancer as the leading cause of cancer-related deaths by 2040.1 Due to the vague symptoms and lack of early detec-

tion screening for PC, this disease is usually only discovered in its advanced stages, often after distantmetastasis has occurred. As a result, the

mortality rate of PC is extremely high. Chemotherapy and surgery are the main strategies for PC treatment. Unfortunately, only 15–20% pa-

tients are eligible to undergo the appropriate surgery. Despite complete resection, local or distant recurrence of PC is usually relapse within

two years after surgery.2 In addition, themost recommended chemotherapy regimen for PC treatment is gemcitabine plus nab-paclitaxel and

FOLFIRINOX, but acquired resistance is common.3,4 Therefore, the search for crucial regulatory molecules or mechanisms involved in PC

development holds significant clinical value and offers far-reaching societal benefits.

The progression of PC is complex, and metabolic rewiring plays a central role in this process. High glucose levels can contribute to the

development and progression of PC.5 Increased glucose metabolism not only provides energy for tumor growth but also supports other bio-

logical processes necessary for cancer cell survival and proliferation. Additionally, elevated glucose levels can stimulate inflammation and

induce insulin resistance, both of which are linked to an elevated risk of PC. Previous study indicated that high level of glucose transporter

type 1 (GLUT1) in pancreatic cancer is associated with poor prognosis.6–8 Mutations in kirsten rat sarcoma viral oncogene homolog, an onco-

genic gene, upregulate GLUT1 expression, which can further promote glucose uptake and utilization, then regulates tumor cells metabolism,

and provides energy for cells proliferation.7,9 In addition, GLUT1 was shown to be upregulated and ultimately facilitates pancreatic cancer

cells proliferation, invasion, and metastasis.10 Moreover, the GLUT1 downstream proteins, such as hexokinase 2 (HK2), pyruvate kinase M2

(PKM2) and lactate dehydrogenase (LDH) also play key roles in multiple cancers. It has been shown that HK2 overexpression is related to

poor prognosis in multiple cancers, including colorectal cancer, PC, prostate cancer, hepatocellular carcinoma and other types of tumor.11
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PKM2 can promote cell survival, invasion and tumor angiogenesis in pancreatic ductal adenocarcinoma.12,13 LDH is overexpressed in PC and

serum LDH levels can predict PC. Moreover, inhibition of LDH can be a stagey for PC treatment.14,15 In addition to glycolysis, the energy from

the lipids, can also provide cell proliferation and promote cancer progression. It has been shown that the risk of PC is positively correlatedwith

lipid uptake.16 In PC cells, sterol regulatory element-binding protein 1 (SREBP1) and fatty acid synthase (FASN) levels were highly expressed.

Knockdown of SREBP1 in a PC mouse model can significantly reduce the viability of PC cells.17,18 Therefore, maintaining healthy blood

glucose and lipids levels may play a role in reducing the risk of PC or slowing its progression.

Reticulon 4, also named as Nogo, known as a neurite outgrowth inhibitor (Nogo), is an endoplasmic reticulum-associated protein that

consists of threemain protein isoforms, Nogo-A, Nogo-B andNogo-C. Nogo-A and Nogo-C are predominantly expressed in the central ner-

vous system.19 Nogo-B is expressed in most tissues and plays a key role in vascular remodeling, cell migration, proliferation and epithelial-

mesenchymal transition (EMT).20 In recent years, the involvement of Nogo-B has been demonstrated in various types of cancer. Nogo-B can

promote the proliferation of hepatocellular carcinoma cells by regulating Interleukin-6/signal transducer and activator of transcription 3

signaling pathway and development of nonalcoholic fatty liver cancer by regulating the reprogramming of lipidmetabolism.21 In colon cancer

tissues, the expression of Nogo-B was significantly higher than that in precancerous tissues, and inhibition of Nogo-B not only promoted

apoptosis in colon cancer cells, but also regulated EMT capacity in tumor tissues and suppressed tumor development. In addition, overex-

pression of Nogo-Bpromotes cervical cancer development.22Our previous studies have shown that Nogo-B can be upregulated in both high-

fat and high-glucose diet, which was associated with enhanced glucose levels. Inhibition of Nogo-B has therapeutic effects on disorders of

glycolipid metabolism.23,24 Therefore, we wanted to figure out whether Nogo-B can regulate PC by the both glucose and lipid pathways.

In the present study, we found that Nogo is upregulated in PC and closely related to unfavorable clinical outcomes. Further studies re-

vealed that nuclear factor kB (NF-kB) can be inhibited by Nogo inhibition, which contributed to reducing GLUT1 and SREBP1 expression,

ultimately reducing the proliferation, invasion, and metastasis of PC cells. Based on these results, we demonstrate the role and mechanism

of Nogo-B in promoting PC progression, and propose that Nogo-B may be promising therapeutic target for PC.
RESULTS

Nogo-B expression is elevated in PC tissues and correlated with worse prognosis of PC patients

It has been reported that Nogo plays essential roles in multiple cancers. To explore the role of Nogo on PC, we firstly analyzed Nogo levels

using the The Cancer Genome Atlas (TCGA) database. We found that Nogo expression was higher in PC than adjacent tissue (Figure 1A). In

addition, the prognostic value of Nogo was analyzed using the Gene Expression Profiling Interactive Analysis (GEPIA) dataset. As shown in

Figure 1B, high expression of Nogo predicted a poorer prognosis of PC. Furthermore, the results of Immunohistochemistry (IHC) staining

results indicated that expression of Nogo-B in PC tissues was significantly higher than that in adjacent tissues (Figure 1C). The above results

indicate that Nogo-B expression is positively related to PC progression.
Knockdown of Nogo-B inhibits the proliferation, migration but promotes apoptosis of PC cells in vitro

To investigate the role of Nogo-B in proliferation andmigration of PC cells, we firstly transfected Pan02 or Bxpc-3 cells with control or Nogo-B

siRNA. The results of scratch assay indicated that knockdown of Nogo-B inhibited the ability of migration (Figure 2A). In addition, crystalline

violet staining and MTT assay showed that knockdown of Nogo-B reduced cell proliferation (Figures 2B–2D). Furthermore, we constructed

Nogo knockout (KO) cell line using CRISPR-cas9 technology, and named as KO#1, KO#2. Similar to the results of knockdown experiments, we

found that the abilities of proliferation andmigration were inhibited in KO#1 and KO#2 cells (Figures 2E–2G). To explore whether overexpres-

sion of Nogo-B showed the opposite effects on cell proliferation andmigration. We transfected PC cells with Nogo-B overexpression (Nogo-

B-OE) plasmid, and found that cell migration and proliferation was increased in Nogo-B overexpressed cells (Figures 2H and 2I). At molecular

levels, we examined apoptosis and EMT-related proteins. As shown in Figure 2J, knockdown of Nogo-B resulted in enhanced expression of

E-Cadherin (CDH1), but reduced N-cadherin (CDH2), indicating reduced EMT pathway. Furthermore, proliferation-related protein prolifer-

ating cell nuclear antigen (PCNA) was reduced in Nogo-B knockdown cells, apoptosis-related protein B cell leukemia/lymphoma 2 (Bcl-2) was

reduced, while BCL2-associated X protein (BAX) was induced in Nogo-B knockout cells. However, Nogo-B overexpressed cells showed the

opposite effects on the proliferation- and apoptosis-related protein expression (Figure 2J–2L). Moreover, we showed the phosphorylated-

AKT (p-AKT) levels were reduced in Nogo-B knockdown cells (Figure 2J), indicating that Nogo-B regulated cell proliferation was related

to AKT pathway.
Nogo-B deficiency reduced PC progression in vivo

Based on the in vitro results, we speculated that inhibition of Nogo-B can reduce the development of PC in vivo.We constructed an orthotopic

transplantation model of PC using Pan02 cells (Ctrl) or Nogo-B knockout Pan02 cells (KO) injected to pancreas of wild type (WT) or global

Nogo knockout (Nogo�/�) mice. During the experiment, body weight was recorded daily. Mice were euthanized 13 days after cells injection,

tumor in pancreas, spleen and liver samples were collected. As shown in Figure 3A, we found that pancreas tumor volume and weight in the

WT/Ctrl group was larger and higher than the other three groups. Furthermore, we found that Nogo�/�mice injected with Nogo-B knockout

Pan02 cells showed the smallest tumor volume and lightest tumor weight, indicating the fundamental role of Nogo-B in PC progression. How-

ever, mice body weight among these groups showed little difference (Figure S1A). Previous studies have shown that orthotopic transplanta-

tion PCmodel can inducemetastasis. Similar to the results of tumor in pancreas tissues, we found that bothNogo-B knockout inmice and cells
2 iScience 27, 109741, May 17, 2024



Figure 1. Nogo-B is upregulated in PC

(A) Expression of Nogo in PC and adjacent tissues was collected from TCGA and GTEx (n = 179 for PC tissues, n = 171 for adjacent tissues).

(B) Association between Nogo expression and PC prognosis was analyzed by Kaplan-Meier analysis based on GEPIA data. (n = 178).

(C) Expression of Nogo-B in cancer tissues and adjacent non-cancerous tissues (n= 30) were detected by IHC staining, and IHC scores were quantified by ImageJ

software, scale bar: 100 mm. The data represent the mean G SD, *p < 0.05, **p < 0.01.
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alleviated liver metastasis (Figure 3B). In addition, pancreas tumor tissue sections were performed TUNEL staining to detect cell apoptosis.

Compared with WT/Ctrl group, apoptotic cells were enhanced in the other groups (Figure 3C). Furthermore, we conducted IHC staining to

detect the expression of EMT markers. Consistent with the in vitro results, we found that Nogo-B knockout increased CDH1 levels, while

reduced CDH2 levels (Figure 3D). These data suggest that inhibition of Nogo-B largely ameliorated the proliferation and metastasis of PC

in vivo.

High levels of glucose promotes proliferation and migration of PC cells

High glucose levels can contribute to the development and progression of PC. In order to clarify whether Nogo-B is involved in glucose-

related PC progression, we incubated Pan02 cells in medium contain low (5 mM) or high (25 mM) concentration of glucose, which was wildly

used for determination the role of glucose in biology.17 Consistent with previous study, we found that 25 mM glucose promoted cell prolif-

eration and migration (Figures 4A and 4B). Moreover, pro-proliferation- and anti-apoptotic-related genes were positively regulated by

glucose.We indicated that Vimentin, PCNA, Bcl-2 protein levels were enhanced by glucose, while BAXwas reduced (Figure 4C). More impor-

tantly, we indicated that Nogo-B protein expression was enhanced by the treatment of high levels of glucose (Figure 4C). Then, we used

normal and Nogo-B KO cells for further investigation. As shown in Figure 4D, the high glucose-enhanced ability of proliferation was largely

reduced in Nogo-B KO cells. Consistently, proliferation- and apoptosis-related protein expression was largely attenuated in Nogo-B KO cells

(Figure 4E). Therefore, we indicated that high glucose promoted PC progression is positively related to Nogo-B expression.

Nogo-B promotes PC progression through inducing NF-kB pathway

Studies have shown that NF-kB plays important role in PC development.25 We and other studies have demonstrated that NF-kB can be

inducedbyNogo-B.23,26 In this study, our results showed that high glucose promotedNF-kB expression.Whereas, NF-kB levels were reduced
iScience 27, 109741, May 17, 2024 3
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Figure 2. Nogo-B is corrected with PC cells proliferation and migration

(A–D) Pan02 and Bxpc-3 cells were transfected with Nogo-B siRNA for 24 h, then treated in serum free (SF) medium for 12 h (A), 7 days (B and C) or indicated time

(D). Cell migration, proliferation was assessed using scratch assay (A), crystalline violet staining (B and C) and MTT method (D).

(E–G) Nogo-B knockout cell line using CRISPR-cas9 technology was named as KO#1, KO#2. Cells were cultured in SF medium for 12 h (E and F) or 7 days (G) then

used to detect cell migration or proliferation by scratch assay (E) or crystalline violet staining (G).

(J–L) Knockdown/knockout or overexpressed cells were treated in SF medium for 24 h, protein expression of proliferation and apoptosis-related genes was

determined by Western blot with quantitative analysis of band intensity. Scale bar: 100 mm (A, E and H), 2 mm (B and I), 1 cm (G). The data represent the

mean G SD, *p < 0.05, **p < 0.01, ***p < 0.001; n = 3.

ll
OPEN ACCESS

iScience
Article
in Nogo-B KO cells. Whereas, glucose had little effects on NF-kB expression in Nogo-B KO cells (Figure 5A), indicating inhibition of Nogo-B

expression reduced cell proliferationmay be related toNF-kB inhibition. Next, normal or Nogo-B KO cells were treatedwith BAY (an inhibitor

of NF-kB) or transfected with NF-kB overexpression plasmid. Our results revealed that the abilities of migration and proliferation were

reduced by BAY, while enhanced by NF-kB overexpression plasmid in Pan02 cells. While the regulation of BAY on cell migration and prolif-

eration was largely reduced in KO#1 cells. Compared to KO#1 cells, the abilities of cell proliferation and migration were enhanced in NF-kB
Figure 3. Knockout of Nogo-B inhibits PC proliferation and metastasis in vivo

(A) Orthotopic tumors were excised 13 days after inoculation with the indicated Pan02 cells or Nogo KO Pan02 cells (left panel) and the tumors were weighted

(right panel).

(B) Ectopic tumors in liver were photographed (left panel) and the number of tumors were counted (right panel).

(C) Orthotopic tumor sections were conducted with TUNEL staining with quantitative analysis of apoptosis cells, TUNEL positive cells were indicated by the white

arrows.

(D) CDH1 and CDH2 expression in orthotopic tumor sections was detected by IHC staining with quantitative analysis of MD. Scale bar: 1 cm (B), 100 mm (C), 50 mm

(D). The data represent the mean G SD, *p < 0.05, **p < 0.01, ***p < 0.001; n = 6.

iScience 27, 109741, May 17, 2024 5



Figure 4. High glucose promotes tumor growth in PC cells through Nogo-B

Pan02 or Nogo-B KO Pan02 (KO#1) cells were treated with indicated concentration of glucose for 24 h. Cell proliferative and migratory abilities were determined

by MTT (A), scratch assay (B) and crystalline violet staining (D). EMT, proliferation and apoptosis-related genes expression was detected by Western blot with

quantitative analysis of band intensity (C and E). Scale bar: 100 mm (B), 2 mm (D). The data represent the mean G SD, *p < 0.05, **p < 0.01, ***p < 0.001; n = 3.
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overexpressed KO#1 cells (Figures 5B and 5C). Similarly, PCNAprotein expression was enhanced by NF-kB overexpression, while reduced by

the BAY treatment (Figures 5D, 5E, and S2). Taken together, we indicated that Nogo-B regulated PC progression is dependent on NF-kB.

NF-kB promotes glucose uptake by upregulating GLUT1 and SREBP1

Metabolic deregulation is a hallmark of multiple types of cancers. The glucose and lipid metabolism pathways were shown to be involved in

PC.GLUT1, amaster transporter of glucose, and SREBP1, amain regulator of lipidmetabolism, can promote PCdevelopment.17,27 Our results

showed that high glucose was able to promote the expression of GLUT1, and the glycolysis related proteins HK2, PKM2, LDHA, as well as
6 iScience 27, 109741, May 17, 2024



Figure 5. Nogo-B promotes PC progression through activation NF-kB pathway

Pan02 or Nogo-B KO Pan02 (KO#1) cells were treated with indicated concentration of glucose for 24 h (A) or transfected with NF-kB overexpression plasmid or

Bay for 24 h, then treated with indicated concentration of glucose for 24 h (B, D and E) or 7 days (C). Protein expression was detected by Western blot with

quantitative analysis of band intensity (A, D and E), colony forming migratory abilities were assessed by scratch assay (B) and crystal violet staining (C). Scale

bar: 100 mm (B), 2 mm (C). The data represent the mean G SD, *p < 0.05, **p < 0.01, ***p < 0.001; n = 3.

ll
OPEN ACCESS

iScience
Article
SREBP1 in Pan02 cells (Figure 6A). While the enhanced expression of GLUT1, HK2, PKM2, LDHA, and SREBP1 was largely blocked in Nogo-B

knockout cells. Moreover, we found that GLUT1 and SREBP1 expression was reduced in Nogomice orWTmice injectedwith Nogo-B KO cells

(Figure S3). To investigate whether NF-kB is involved in regulation of GLUT1 and SREBP1, we treated cells with BAY or transfection of NF-kB

overexpression plasmid. We found that both GLUT1 and SREBP1 expression was reduced by NF-kB inhibitor, while increased in NF-kB over-

expressed cells. More importantly, we indicated that FASN, a target of SREBP1, as well as HK2, PKM2, LDHA, downstream targets of GLUT1

was also regulated by NF-kB (Figure 6B, 6C, S4, and S5). Furthermore, we transfected Pan02 cells with GLUT1 or SREBP1 siRNA, and found

that knockdown of GLUT1 or SREBP1 reduced the ability of cell migration and proliferation (Figures 6D and 6E). In addition, the glucose
iScience 27, 109741, May 17, 2024 7



Figure 6. NF-kB directly regulates GLUT1 and SREBP1

(A–C) Pan02 or Nogo-B KO Pan02 (KO#1) cells were treated with indicated concentration of glucose for 24 h (A). Cells were pre-treated with Bay (B) or transfected

with NF-kB overexpression plasmid (C) for 24 h, then received indicated concentration of glucose treatment for 24 h. After treatment, protein expression was

detected by Western blot with quantitative analysis of band intensity. Pan02 or Nogo-B KO Pan02 (KO#1) cells were transfected with GLUT1 siRNA or

SREBP1 siRNA for 24 h, then treated with indicated concentration of glucose for 24 h (D) or 7 days (E). Scale bar: 2 mm (E). The data represent the mean G

SD, *p < 0.05, **p < 0.01, ***p < 0.001; n = 3.
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enhanced role of cell migration and proliferation was largely blocked in cells with GLUT1 or SREBP1 knockdown. Therefore, we indicated that

expression of GLUT1 and SREBP1 are involved in Nogo-B regulated cell proliferation.

Consistent with the protein expression, we found that mRNA levels of GLUT1 and SREBP1 were enhanced by high glucose treatment.

Compared to normal cells, GLUT1 and SREBP1mRNA expression was largely reduced in Nogo-B KO cells. In addition, high glucose had little

effects on GLUT1 and SREBP1mRNA expression in Nogo-B KO cells (Figures 7A and 7B). Furthermore, we constructed promoters for GLUT1

and SREBP1, and found that high glucose induced the activities of GLUT1 and SREBP1 promoters in Pan02 cells, while had little effects in

KO#1 cells (Figures 7C and 7D). By completing a sequence alignment analysis, we found two putative NF-kB response element (NRE) in

the proximal region of theGLUT1 promoter, and threeNRE in the proximal region of the SREBP1 promoter. Therefore, we constructed normal

GLUT1 and SREBP1 promoters and the promoters with NRE mutation (pGLUT1-Mut1/2 or pSREBP1-Mut1/2/3), respectively (Figures 7E and

7G). Compared with normal GLUT1 promoter, high glucose had little effects on GLUT1-Mut1 promoter, indicating the critical role of NRE in

region of �365��356 of GLUT1 promoter (Figure 7F). We also found that the activities of SREBP1-Mut3 promoter did not be regulated by

high glucose (Figure 7H). Indeed, the results of chromatin immunoprecipitation (ChIP) assay suggest that the binding of NF-kB in promoters

of GLUT1 and SREBP1 was mediated by NRE1 and NRE3, respectively. Also, high glucose induced the binding ability of NF-kB to NRE in
8 iScience 27, 109741, May 17, 2024



Figure 7. NF-kB through promoter effects to GLUT1 and SREBP1

(A and B) Pan02 or Nogo-B KO Pan02 (KO#1) cells were treated with indicated concentration of glucose for 24 h. mRNA expression of GLUT1, SREBP1 was

determined by qRT-PCR.

(C–H) Cells were transfected with indicated plasmids for 12 h. After stabilization for 4 h, cells were treated with the indicated concentrations of glucose for 24 h.

Cell lysates were collected for determination the activities of firefly and Renilla luciferases (Luc) using the Dual-Luciferase Reporter Kit.

(I and J) Cells were treated with the indicated concentration of glucose for 24 h. Cellular chromatin DNA was extracted, IgG (negative control) or NF-kB antibody

was used for immunoprecipitation. PCR was conducted with the corresponding primers for theNF-kB response element in GLUT1 or SREBP1 promoter. The data

represent the mean G SD, *p < 0.05 compared with control (n = 3). *p < 0.05, **p < 0.01, ***p < 0.001.
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Pan02 cells, while had little effects in KO#1 cells (Figures 7I, 7J, and S6). Therefore, we indicated that high glucose increased GLUT1 and

SREBP1 expression by activating the promoter.
DISCUSSION

The pathogenesis of PC is complex and remains unclear. Metabolic alterations and the complex microenvironment are largely related to the

progress of PC. The primary treatment options for PC are chemotherapy and surgery, while the suitable patients for surgery are as low as 15%–

20% at diagnosis. Therefore, it is still an urgent for exploration biomarkers or strategies for PC treatment. From the database of PC, high

Nogo-B expression is associated with poor prognosis in patients. We also observed that Nogo-B expression is much higher in PC tissues

than that in the adjacent normal tissues by IHC staining and the database of PC. In vitro and in vivo results showed that inhibition of

Nogo-B reduces the development of PC. At molecular levels, we showed that Nogo-B promotes NF-kB expression, then increases the levels
iScience 27, 109741, May 17, 2024 9
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of SREBP1 andGLUT1. Therefore, our study suggests that Nogo-Bmay be a potential prognosticmarker, and therapeutic target for PC, which

provides strategy for PC diagnose and treatment.

Growing evidence confirms the pivotal role of Nogo-B in types of cancers, including hepatocellular carcinoma, nasopharyngeal, cervical

and colorectal cancers.22,28,29 Our group has demonstrated that Nogo-B is amaster regulator formetabolic diseases, such as high-fat induced

obesity and high glucose-caused fatty liver.23,24 Previous study indicated that Nogo-B can promote Non-alcoholic fatty liver disease-associ-

ated hepatic carcinoma, which was related to high-fat, high-carbohydrate diet causedmetabolic dysfunction.30 It is known that obesity, nutri-

tion, and type 2 diabetes are risk factors for PC.31–33 In this study, we indicated that Nogo-B is elevated in PC tissues and correlatedwith worse

prognosis of PC patients (Figure 1). Moreover, we indicated that inhibition the expression of Nogo-B reduces cell viability and proliferation

in vitro, and orthotopic tumor progression andmetastasis in vivo (Figures 2 and 3). More importantly, we indicated that high glucose-induced

cell proliferation is also related to Nogo-B levels (Figure 4). Therefore, we showed that Nogo-B plays a fundamental role in PC progression.

Our group has found some strategies for Nogo-B inhibition, such as siRNA, natural products and PPARg agonists,23,24,34,35 which might be a

promising therapeutic strategy for PC due the inhibition of Nogo-B.Moreover, we also indicated that Nogo-Bmight be an effective target for

development chemical compound to treat PC.

Glucose is a main fuel for tumorigenesis. GLUT1 is widely expressed in multiple tissues and a major glucose transmembrane transport

protein that mediates the uptake of glucose and plays a critical role in multiple cancers.36 GLUT1 levels were elevated in many malignant

tumors and correlated with poor clinical outcomes in patients.37,38 Post-transcriptional regulation, such as palmitoylation, can promote

GLUT1 plasma membrane localization, which increases glycolysis, thereby promoting glioblastoma tumorigenesis.39 In recent study, the re-

searchers have shown that GLUT1 not only plays an important role in Forkhead box D1-enhanced PC progression, but also consider as a po-

tential target for chemotherapy-resistant PC.10,40 In addition to glucose, lipids generation can also promote the progression of tumor.

SREBP1, a main regulator of lipogenesis, is associated with a variety of cancers, such as hepatocellular carcinoma, gastric cancer, breast can-

cer, colorectal cancer and renal cell cancer.41–45 However, another study indicated that found that fatty acids synthesis-related genes eleva-

tion in hepatocellular carcinoma samples was not related to enhancement of mature SREBP1, but due to the excessive m6Amodification.46 It

has been reported high glucose promoted PC development both in vitro and in vivo by enhancing SREBP1 expression, which was mediated

by the autophagy pathway.17 In this study, we found that inhibition of Nogo-B can reduce both GLUT1 and SREBP1 levels, which contributed

to the inhibition of PC progression (Figure 6).

Previous studies have shown that GLUT1 can be regulated by a series of molecules. In brain tumor, NF-kB signaling can be activated by

a-Ketoglutarate, then promotes GLUT1 expression.8 GLUT1 expression can be induced by hypoxia-inducible factor 1a and c-Myc, and

reduced by peroxisome proliferator-activated receptor a.47 It can also be regulated by PI3K/AKT pathway. In cancer cells, SREBP1 can be

upregulated by long chain acyl CoA synthetase 4, SET domain-containing protein 8 and other molecules.42,44 In colorectal cancer,

SREBP1 promotes the invasion of cancer cells is accompanied with NF-kB activation.45 Studies have shown that NF-kB expression was upre-

gulated in PC cells and tissues, and is associated with poor prognosis in PC patients.48,49 In our previous study, we have shown that Nogo-B

deficiency promotesNF-kB degradation. Other study indicated that Nogo-B downregulation significantly reduced toll-like receptor 4 protein

expression and inhibited the activation of NF-kB pathway.23,50 In this study, we demonstrated that NF-kB expression was enhanced in high

glucose environment, which was largely reduced in Nogo-B deficiency cells. Moreover, inhibition NF-kB expression can largely reduce cell

proliferation. Furthermore, we also found that both GLUT1 and SREBP1 can be activated by NF-kB, and identified a response element in

GLUT1 and SREBP1 promoter (Figure 7).

In conclusion, we indicated that Nogo-B can promote PC progression both in vitro and in vivo. We also found that high glucose-enhanced

cell proliferation is positively related to Nogo-B expression. In this study, we indicated that glycolipid metabolism is regulated by Nogo-B,

which promotes PC development, contribued by the regulatingGLUT1 and SREBP1 expression.More importantly, we demonstrated that NF-

kB is involved inNogo-B regulated PC, which is also amajor regulator ofGLUT1 and SREBP1 by directly binding to their promoters. Therefore,

we suggest that Nogo-B may be a potential prognostic marker for PC diagnose, and a promising candidate for drug developing.
Limitations of the study

Nogo-B has a variety of functions, we mainly focused on the role of regulating the NF-kB/GLUT1 and SREBP1 pathways, other pathways in

promote PC development is still needed to be further analyzed. In addition, GLUT1 and SREBP1 can both promote PC development, whether

any interaction between them is still unclear. Thirdly, we only showed the role of the Nogo-B for PC progression in high glucose environment

in cells, the PC mouse model needed further conducted. Fourthly, it is still unclear whether Nogo-B might be a biomarker of PC as we didn’t

detect Nogo-B expression in any liquid biopsies.
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KEY RESOURCES TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

anti-AKT antibody Proteintech Group Cat# 10176-2-AP; RRID:AB_2224574

anti-p-AKT antibody Proteintech Group Cat# 66444-1-Ig; RRID:AB_2782958

anti-Bcl2 antibody Proteintech Group Cat# 26593-1-AP; RRID:AB_2818996

anti-SREBP1 antibody Proteintech Group Cat# 14088-1-AP; RRID:AB_2255217

anti-BAX antibody Proteintech Group Cat# 50599-2-Ig; RRID:AB_2061561

anti-Vimentin antibody Proteintech Group Cat# 10366-1-AP; RRID:AB_2273020

anti-PCNA antibody Proteintech Group Cat# 10205-2-AP; RRID:AB_2160330

anti-NF-kB p65 antibody Proteintech Group Cat# 10745-1-AP; RRID:AB_2178878

Fluorescein (FITC)–Conjugated Affinipure Goat anti-Rabbit IgG Proteintech Group Cat# SA00003-2; RRID:AB_2890897

Horseradish Peroxidase (HRP)-Conjugated a-Tubulin Proteintech Group Cat# HRP-66031; RRID:AB_2687491

anti-CDH1 antibody Abclonal Cat# A3044; RRID:AB_2764849

anti-CDH2 antibody Abclonal Cat# A19083; RRID:AB_2862575

anti-GLUT1 antibody Abclonal Cat# A6982; RRID:AB_2767538

anti-FASN antibody Abclonal Cat# A0461; RRID:AB_2757202

anti-HK2 antibody Affinity Cat# BF0283; RRID:AB_2833836

anti-PKM2 antibody Affinity Cat# AF5234; RRID:AB_2837720

anti-LDHA antibody Affinity Cat# DF6280; RRID:AB_2838246

anti-Nogo-B antibody Santa Cat# sc-271878; RRID:AB_10709573

Bacterial and virus strains

Subcloning Efficiency DH5a ThermoFisher Cat# 18265017

Biological samples

Pancreatic cancer patients tissue sections Anhui Provincial Cancer Hospital N/A

pancreatic orthotopic tumors This paper N/A

mice pancreatic tissue sections This paper N/A

Chemicals, peptides, and recombinant proteins

Crystalline Violet Solaibao Technology Cat# IC0600

MTT Sigma-Aldrich Cat# 298-93-1

Mouse Nogo-B siRNA GENEWIZ N/A

Critical commercial assays

TUNEL staining kit KeyGEN BioTECH Cat# KGA702

DAB KeyGEN BioTECH Cat# KGP1045-100

Duo-Lite Luciferase Assay System Vazyme Cat# DD1205-01

HiScript II Q Select RT SuperMix for qPCR Vazyme Cat# R233-01

AceQ qPCR SYBR Green Master Mix Vazyme Cat# Q131-02

Liposomal nucleic acid transfection reagent Yisheng Biotechnology Cat# 40802ES03

Experimental models: Cell lines

Pan02 OriCell Cat# M2-0501

Bxpc-3 ATCC Cat# CRL-1687

Experimental models: Organisms/strains

Wild type C57 BL/6J mice GemPharmatech Cat# N000295

RTN4-KO mice GemPharmatech Cat# T004776

(Continued on next page)
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REAGENT or RESOURCE SOURCE IDENTIFIER

Oligonucleotides

Nogo-B Forward (5’ to 3’): GGTGTTTGGTGCCAGCTTAT This paper N/A

Nogo-B Reverse (5’ to 3’): TGAATGGGTGGCCTTCATCT This paper N/A

NF-kB Forward (5’ to 3’): CACCGGATTGAAGAGAAGCG This paper N/A

NF-kB Reverse (5’ to 3’): AAGTTGATGGTGCTGAGGGA This paper N/A

SREBP1 Forward (5’ to 3’): GCTGCTGACCGACATCGAA This paper N/A

SREBP1 Reverse (5’ to 3’): GGGTGGGTCAAATAGGCCAG This paper N/A

GLUT1 Forward (5’ to 3’): CAGCTGTCGGGTATCAATGC This paper N/A

GLUT1 Reverse (5’ to 3’): TCCAGCTCGCTCTACAACAA This paper N/A

SREBP1-NRE1 Forward (5’ to 3’): CTAACCTCTCAGCTGGCTCA This paper N/A

SREBP1-NRE1 Reverse (5’ to 3’): TGGGAGCAGAGAACAGAAAAC This paper N/A

SREBP1-NRE2 Forward (5’ to 3’): CCACTGCAGGCCTGTATCT This paper N/A

SREBP1-NRE2 Reverse (5’ to 3’): CTAGACCCAGCCCAGACATC This paper N/A

SREBP1-NRE3 Forward (5’ to 3’): CTAGGCGAGCTGTCAGGAT This paper N/A

SREBP1-NRE3 Reverse (5’ to 3’): ATCTCGGCCAGTGTCTGTTC This paper N/A

GLUT1-NRE1 Forward (5’ to 3’): ACCAAGCGCTACCATTTTGC This paper N/A

GLUT1-NRE1 Reverse (5’ to 3’): CCACAGTCTGGCTCTGGATG This paper N/A

GLUT1-NRE2 Forward (5’ to 3’): TGACGATCTGAGCTACGGGG This paper N/A

GLUT1-NRE2 Reverse (5’ to 3’): CTCGGCAGCATCCCTACC This paper N/A

si-m-Srebp1_001 RiboBio Cat# siG101028133544-1-5

si-m-Slc2a1_001 RiboBio Cat# siG141127092029-1-5

si-r-Nogo-B_001 RiboBio Cat# siG171107091412-1-5

siR NC #1 RiboBio Cat# siN0000001-1-5

Software and algorithms

GraphPad Prism 8 GraphPad N/A

Photoshop CS6 Adobe N/A

ImageJ National Institutes of Health N/A
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Lead contact

The relevant experimental reagents, experimental methods and related data of this study can be obtained by contacting Xiaoxiao Yang

(yangxiaoxiao@hfut.edu.cn).

Materials availability

The plasmids used in this study are available from the lead contact. This study did not generate new unique reagents.

Data and code availability

� All data reported in this paper will be shared by the lead contact upon request.
� This paper does not report original code.
� Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Clinical samples and public datasets

Clinical tissue samples from 30 patients were obtained from The First Affiliated Hospital of University of Science and Technology of China

(2022-N(H)-050) (detailed information was shown in Table S1). All participating patients provided informed consent for the collection of tissue

samples. For each patient, all specimens were fixed and embedded in paraffin. All experiments involving human samples and clinical data

were approved by the Ethics Committee of The First Affiliated Hospital of University of Science and Technology of China. Tissue sections
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were conducted immunohistochemical staining for determination Nogo-B expression. The mean density was calculated by Image J and

graded into four ranges (intensity score): no staining (0), light brown staining (1), brown staining (2) and dark brown staining (3), and defined

brown staining. The number of positively stained cells was divided into four ranges (percentage score): < 5% (0), 5–30% (1), 31–70% (2), > 70%

(3). The final staining score was calculated using the formula: overall score = intensity score3 percentage score. A final score% 3 was defined

as low Nogo-B expression, and > 3 as high Nogo-B staining.

RNA-sequencing expression profiles and corresponding clinical information for pancreatic cancer were downloaded from the TCGAdata-

set (https://portal.gdc.com) and current-release (V8) GTEx datasets (https://www.gtexportal.org/home/datasets). Statistical analyses were

performed using R software v4.0.3 (n = 179 for PC tissues, n = 171 for adjacent tissues). Association between Nogo expression and PC prog-

nosis was analyzed by Kaplan-Meier analysis based on GEPIA data (http://gepia.cancer-pku.cn/index.html) (n = 178).

Animals and in vivo studies

C57BL/6J mice and Nogo global knockout mice (C57BL/6J background) were obtained from GemPharmatech (Nanjing, China). All animal

experiments were approved by the Ethics Committee of Hefei University of Technology (No. HFUT20190323001) and conformed to theGuide

for the Care and Use of Laboratory Animals published by the National Institutes of Health (publication No. 8023, revised 1978). Mice were free

access to normal food and water, and allowed to acclimatize to environment for at least 7 days before experiment. A total of 1 3 106 stably

transfected cells with Nogo-B knockout expressionwere injected orthotopic into themouse pancreas (6 mice per group,male,�8 weeks old).

At the end of the experiment, all mice were euthanized. Tumors were collected for further study and tumor weights were measured.

Cell culture

Pan02 (mouse pancreatic cancer cell line) or Bxpc-3 (human pancreatic cancer cell line) cells were purchased from ATCC and cultured in 1640

medium or DMEM medium containing 10% fetal bovine serum and 1% penicillin/streptomycin, respectively. Cells were cultured at low pas-

sage numbers and passaged consistently using Trypsin-EDTA 0.25% and tested regularly for mycoplasma contamination (all cells used for

experiments were mycoplasma negative at the time of testing).

METHOD DETAILS

Immunohistochemical, immunofluorescence and TUNEL staining

After collection, fresh tissues were fixed overnight in 4% paraformaldehyde at 4�C, dehydrated using graded ethanol or 30% sucrose solu-

tions, and embedded in paraffin or optimal cutting temperature compounds, respectively. The embedded tissues were then cut into

5 mm sections for further staining. Prior to staining, 5 mm paraffin sections were dewaxed in xylene and hydrated using graded ethanol solu-

tions. Tissue sections were conducted immunohistochemical or immunofluorescence staining for determination protein expression. Alterna-

tively, process tissue sections using the TUNELApoptosis Detection Kit. All images were capturedwith a Leicamicroscope. Themean density

of the images was quantified by segmentation color threshold analysis using Photoshop CS6 and normalized by the values of control mice.

MTT assays

MTT assay was used to determine cell viability. Cells were cultured in 96-well plate received indicated treatment. After treatment, cells were

added withMTT solution (20 mL/well, 3 mg/mL) for 4 h at 37�C, then washed with PBS twice. 150 mL dimethyl sulfoxide (DMSO, Sigma-Aldrich)

was added to dissolve formazan. The absorbance was then measured at 550 nm using a Multi-Mode Microplate Reader (BioTek Synergy H1;

Vermont, USA).

Wound healing assay

Cells were inoculated in 24-well plate and incubated at 37�C until cell density reached 80-90%. Cells were scraped using a 200 mL pipette wall

scraper and washed with PBS at least three times. Photographs were taken at 0 h, 12 h and 24 h, and to calculate the wound healing rate was

calculated with the formula: (wound width at 0 h - wound width at 12 or 24 h)/wound width at 0 h.

Colony formation assay

About 2000 cells were inoculated in 6-well plate. After 1 week treatment, cells were stained with Crystal Violet Staining Solution. Crystal Violet

Staining Solution is prepared from 20 mL of saturated ethanol solution of crystalline violet (2 g of crystalline violet dissolved in 20 mL of 95%

ethanol solution) and 80 mL of 1% aqueous ammonium oxalate. Images were captured with a camera. Then stained cells were incubated with

1 mL of 33% aqueous acetic acid solution for 10 min, the supernate was collected and measured at 570 nm using a Multi-Mode Microplate

Reader (BioTek Synergy H1; Vermont, USA).

Knockdown of gene expression by siRNA transfection

Pan02 or Bxpc-3 cells were transfected with siRNA (40 nM/well) or the corresponding negative control siRNA (siCtrl) using LipofectamineTM

RNAiMAX in SF medium according to the manufacturer’s instruction. After incubation in transfection medium for 24 h, cells were treated in

complete medium for another 12 h, followed by received the indicated treatment.
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Generation of a CRISPR-Cas9-mediacted Nogo-B knockout Pan02 cell line

A Nogo-B genome knockout Pan02 cell line was generated using the CRISPR-Cas9 technology.51 The guide RNA was designed using the

online CRISPR Design Tool (http://tools.genome-engineering.org/). The target sequence of Nogo-B is 50-CTCCGCTAGGGGGCTC

GCGC-30, which locates in the first exon 63 bp downstreamof the start codon. Pan02 cells were transfected with pSpCas9 (BB)-2A-Puro empty

vector or Cas9-Nogo-B plasmid for 24 h in SF medium, then changed to complete medium for another 2�3 days, followed by treated with

puromycin (3 mg/mL) for 3-5 days until no cell died. The rest cells were used for selection of mono clones and confirmed by Western blot.

Pan02 cells lacking Nogo-B expression were named as Nogo-KO cells, short as KO#1 or KO#2.

Western blot

Total protein was extracted from cells or mouse tissue using a lysis buffer. Protein concentration was determined using the BCA method.

Expression of Nogo-B, AKT, BCL2, BAX, SREBP1, Vimentin, PCNA, NF-kB, p-AKT, a-Tubulin, GAPDH, CDH1, CDH2, FASN, SREBP1,

GLUT1, HK2, PKM2 and LDHA proteins as determined by Western blot. Images were scanned by Clinx ChemiCapture (CLINX; Shanghai,

China).

Quantitative real-time PCR

Total RNA was isolated from cell or tissue samples using Trizol reagent (Biosharp, BS259A). cDNA was synthesized by reverse transcription

reagent (Vazyme). mRNA levels were determined by quantitative real-time PCR using SYBR Green PCR reagent (Vazyme) with indicated

primers (key resources table), and normalized with GAPDH mRNA in the corresponding samples.

Construction of normal or mutated GLUT1 and SREBP1 promoter(s), and determination the promoter activities

Promoters of murine SREBP1 (-471�+115) andGLUT1 (-467�+66), and indicatedmutations (as shown in Figures 6E and 6G) were constructed

with pGL4.10 luciferase reporter vector by GENEWIZ. Mutant promoters were named as SREBP1-Mut1/2/3 or GLUT1-Mut1/2.

Cells in 48-well plate at �70% confluence were transfected with promoter and pGL4.70 plasmids for 12 h in SF medium, then treated in

complete medium for 12 h. After stabilization, cells were received indicated treatment, then the activities Firefly and Renilla luciferase in cell

lysates were measured using a dual luciferase reporter assay system (Vazyme; Nanjing, China).

ChIP assay for determination DNA binding activity

To determine the binding activity ofNF-kB proteinwith SREBP1 andGLUT1promoter, we treated Pan02 andKO#1 cells with different glucose

concentrations for 24 h. The protein and DNA complex was crosslinked with 1% formaldehyde for 10 min, and then glycine (0.125 M) was

added to stop the crosslinking. Nuclear protein was extracted by a Nuclear Protein Extraction Kit (KeyGen Biotech; Nanjing, China). Chro-

matin was then broken into 200-1000 bp fragments by ultrasound (Qsonica Q700; Newtown, USA). After crosslink reversal, input PCR was

performed with DNA extracted from sonicated chromatin. Same amount of chromatin as input from each sample was used for immunopre-

cipitation using NF-kB rabbit monoclonal antibody or IgG (as a negative control antibody). PCR was conducted using the indicated primers

shown in key resources table.

QUANTIFICATION AND STATISTICAL ANALYSIS

Data are expressed as meanG SD, and all experiments were repeated independently at least three times. First, all data were analyzed using

Graphpad Prism 8 software, and the data obeyed a normal distribution. Analysis was then performed by one-way or two-way ANOVA. Cor-

relation coefficients were calculated using the Pearson correlation test, and P values were calculated. A value was considered significant if

P < 0.05 (nR3).
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