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Abstract: The semaphorin family has been demonstrated to possess tumor suppressor activity; semaphorin 3B (SEMA3B) is 

differentially expressed in several types of tumors, and has been identified as a tumor suppressor gene. SEMA3B is shown to be 

a target gene of p53, and it suppresses tumor growth through the p53 signaling pathway. The mechanisms underlying tumor 

suppression by SEMA3B include neuropilin receptors (NRP1 and NRP2), which reduce the action of vascular endothelial 

growth factor (VEGF), thus, inhibiting tumor angiogenesis. Deficiency or down-regulation of SEMA3B expression can be found 

in a variety of malignant tumors including lung cancer, ovarian cancer, nervous system tumors, and hepatobiliary tumors, and this 

suppression involves methylation, loss of heterozygosity (LOH) and enzyme cleavage. This review summarizes recent research 

approaches on the tumor suppression effects and mechanisms of SEMA3B. 
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1. Introduction 

The semaphorins area large protein superfamily that is 

mainly composed of membrane proteins or secreted proteins 

[1, 2]. Semaphorin 3B (SEMA3B), a tumor suppressor gene, 

is a member of the semaphorin family and is located on 3p21.3 

[3]. Research shows that the SEMA3B protein may play a role 

in regulating cell growth, and it has been identified as a 

mediator of the p53 tumor-suppressor [4, 5]. The mechanisms 

underlying the tumor suppression by SEMA3B include a 

combination of neuropilins receptors (NRP1 and NRP2) that 

reduce the action of vascular endothelial growth factor (VEGF) 

thus inhibiting tumor angiogenesis [6, 7]. SEMA3B is 

inactivated in lung cancer [8, 9], HEY ovarian carcinoma [10], 

hepatocellular carcinomas and cholangiocarcinomas [11]; 

activation involves methylation, loss of heterozygosity (LOH) 

and enzyme cleavage. However, SEMA3B also exerts 

unexpected functions in cancer progression by fostering a 

pro-metastatic environment [12]. This review summarizes 

recent research on the tumor suppression effects and 

mechanisms of SEMA3B. 

2. The Semaphorin Family and SEMA3B 

The SEMA3B gene is a member of the semaphorin gene 

family, which was found in the developing locust nervous 

system by Kolodkin et al. in 1992 [13]. The semaphorin 

family is divided into 8 subgroups, of which subgroups 3-7 are 

present in vertebrates [14]. The semaphorin family has a 

common Sema domain, which plays a very important role in 

semaphorin signaling transduction and receptor specific 

binding [15]. Plexin and Met/Ron receptors also have Sema 

domains and, together with the semaphorion family, are 

referred to as part of the semaphorin superfamily [16]. The 

sema domain is involved in the regulation of NRP 

pathway-dependent apoptosis. 

Recent studies have indicated that semaphorin plays an 

important role in nervous system development, immune 

responses, angiogenesis and tumor development [1, 15]. The 

semaphorin gene encodes three types of proteins including 

transmembrane proteins, membrane proteins and secreted 

proteins. The third subgroup of semaphorins has been shown 

to includea tumor suppressor gene, which is located in the 21.3 

region of the short arm of chromosome 3 and encodes a 
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secreted proteins [10]. 

3. Tumor Suppression of SEMA3B 

SEMA3B is regarded as a target gene of p53, a very 

important tumor suppressor gene with a high mutation rate [8, 

17]. SEMA3B may play a vital role in inhibiting tumors 

through the p53 signaling pathway. Electrophoretic mobility 

shift assays (EMSA) confirmed that the promoter region of 

SEMA3B contains a p53 protein binding site (P53BS), and 

the regulation of the transcriptional expression of SEMA3B 

is p53 dependent. By using restriction enzymes and 

recombination technology, Moriya et al. [18] built a 

pcDNA-SEMA3B eukaryotic expression vector and 

introduced the SEMA3B gene into a non-small cell lung 

cancer cell line, NCI-H1299. The authors found that the cells 

over-expressing SEMA3B had less clone formation 

compared to the control group (P<0.01), suggesting that 

SEMA3B induced apoptosis in tumor cells. Ochi et al. [3] 

reported that the introduction of exogenoushp53 into a 

glioblastoma cell line lacking wild-type p53 (U373MG) 

dramatically induced the expression of SEMA3B mRNA. 

Further studies demonstrated that a p53 binding site exists in 

the SEMA3B promoter region; shares 90% identity with the 

p53 binding sequence, which suggests that SEMA3B is a 

target gene of wild-type p53. SEMA3B mRNA expression in 

the p53 wild-type breast cancer cell line MCF-7 increased 

and reached its highest value 72 hours after treatment with 

ultraviolet (UV) irradiation or adriamycin, both of which can 

cause DNA damage in the cells [3]. The result was consistent 

with that of direct p53 gene interference. However, 

SEMA3B mRNA expression in p53-negative H1299 lung 

cancer cells was unchanged under the same conditions, 

suggesting that up-regulation of SEMA3B expression by UV 

irradiation or adriamycin is p53 dependent. Renpin et al. [19] 

found that increase in SEMA3B mRNA expression in the 

gastric cancer cell lines BGC-823 and MGC-803 can 

up-regulate the expression of p53 mRNA. However, by 

introducing exogenous SEMA3B into the lung cancer cell 

line H1299, which lacksthe wild-type p53 gene, Rivera et al. 

[7] found that the cells that over-expressed SEMA3B had a 

reduced number of colonies in colony formation assays 

compared to the control group (P<0.01). This suggests that 

SEMA3B can inhibit growth of tumor cells independent of 

p53. The study by Ito et al. [20] did not find a relationship 

between p53 and SEMA3B methylation in non-small cell 

lung cancer. 

VEGF is a very important factor that promotes the growth 

of blood vessels. Both the SEMA3 family and VEGF have the 

same transmembrane receptors neuropilin-1 (NP-1) and 

neuropilin-2 (NP-2) [21]. It has been shown that SEMA3B 

protein competitively binds with NP-1 and inhibits 

VEGFl65-induced tumor growth by inhibiting tumor 

angiogenesis and reducing the microvessel density (MVD) 

[22]. A study also found that the expression of SEMA3B 

mRNA in lung cancer tissue was negatively correlated with 

the MVD and the expression of VEGF mRNA [23]. 

In many malignant tumors, loss of heterozygosity (LOH) is 

very common in the 3p21.3 region, suggesting that the region 

may contain a tumor suppressor gene. The SEMA3B gene, 

which is located in 3p21.3, has shown different degrees of 

deficiency or down-regulation in many tumors. Tomizawa et 

al. [24] transfected exogenous SEMA3B genes into lung 

cancer NCI-H1299 cells lacking expression of SEMA3B and 

SEMA3F and found that the transfected H1299 cells formed 

90% fewer cell colonies compared to the control group. The 

cells transfected with mutation SEMA3Bhaving a single 

amino acid missense mutation formed 30%-40% fewer cell 

colonies compared to the control group. These mutation sites, 

including codons 328, 397, 415 and 561, are located in the 

SEMA3B domain. In addition, a H460-M cell line derived 

from the lung cancer cell line NIH-H460 exhibited enhanced 

spontaneous metastasis in nude mice. Lange et al. [25] 

reported that the SEMA3B mRNA expression in H460-M cell 

was significantly decreased compared to NIH-H460 cells. 

Recent research has shown that the expression of SEMA3B in 

prostate cancer and ovarian cancer was down-regulated by 

different degrees [5, 26]. Tse et al. [10] found that the 

expression of SEMA3B in the HEY ovarian cancer cell line 

decreased by approximately 25-folds compared to normal 

ovarian tissues. By transfecting HEY cells with an exogenous 

SEMA3B gene and injecting the cells into Balb/c nude mice, 

they found that injection of transfected HEY for 38 days 

inhibited tumor growth compared to non-transfected HEY 

injection (with tumor volumes of 8.0-740 mm vs 933 mm3, 

respectively). The in vitro study demonstrated that the 

SEMA3B-transfected HEY cells incubated with soft agar 

culture showed nearly 10 times less colony formation 

compared to non-transfected cells. In addition, transfection of 

exogenous SEMA3B combined with paclitaxel or serum 

starvation showed synergistic effects on tumor inhibition, 

indicating that the SEMA3B gene can enhance the sensitivity 

of HEY cells to the toxicity of paclitaxel or serum starvation. 

To analyze the relationship between the levels of SEMA3B 

expression and average overall survival periods, Karayan et al. 

[27] divided 38 patients with neuroglioma into three groups 

based on the expression levels of SEMA3B in samples of their 

tumors. The results showed that patients with SEMA3B 

expression of less than 25%, between 25% and 75% and 

greater than 75% had average overall survival periods of 9, 17 

and 24 months, respectively, suggesting that SEMA3B can 

prolong survival-period. Tischoff et al. [11] found that the 

mRNA expression of SEMA3B was down-regulated in 

hepatocellular carcinomas, gallbladder cancer and 

cholangiocarcinomas independent of the stage of the tumors. 

The authors also analyzed the expression of SEMA3B in 35 

cases of hepatocellular carcinoma and 15 cases of 

cholangiocarcinomas and found that 29 cases of 

hepatocellular carcinomas and all cholangiocarcinomas cases 

showed both the absence or down-regulation of SEMA3B and 

methylation in the promoter region of SEMA3B. The mRNA 

expression of SEMA3B in 60 gastric cancer cases was 

significantly lower than that in normal gastric mucosa. 
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4. Inactivation of SEMA3B Tumor 

Suppression and the Relationship to 

Methylation, LOH and Enzyme 

Cleavage 

Inactivation of SEMA3B tumor suppression is closely 

related to its methylation, LOH and enzyme cleavage. 

Methylation is the primary factor contributing to the 

inactivation of human tumor suppressor genes [28-31]. 

Kuroki et al. [32] analyzed the methylation status of the 

SEMA3B promoter and LOH at 3p21.3 in eight non-small 

cell lung cancer cell lines and 27 primary tumors. The 

results showed that hypermethylation of SEMA3B was 

found in 50% of the non-small cell lung cancer cell lines 

and 41% of the primary tumors studied. Notably, 7 of the 8 

tumors with both hypermethylation and LOH of SEMA3B 

showed the absence of the SEMA3B expression. Tomizawa 

et al. [24] determined the methylation of 4 types of lung 

cancer cell lines with an absence of SEMA3B expression 

and 2 types of lung cancer cell lines with the presence of 

SEMA3B expression. It was observed that the former has a 

dense CpG methylation island in the 5' region of the 

SEMA3B, while the later has no methylation of SEMA3B. 

Nair et al. [33] reported that 95% of neuroblastomas 

without the 3p gene have methylation of CpG sites in the 

SEMA3B promoter; however, only 52% of neuroblastomas 

with the 3p gene have methylation at the same site, 

suggesting the contribution of allelic inactivation to its 

regulation. Tischoff et al. [11] studied the methylation of 

the SEMA3B promoter in 35 cases with hepatocellular 

carcinomas and 15 cases with cholangiocarcinomas and 

found that 83% of the former cases and 100% of the later 

cases showed methylation of the SEMA3B promoter. They 

also found that methylation is independent of patient age 

and tumor grade or stage, suggesting that rmethylation of 

the SEMA3B promoter is a relatively early event. 

Numerous studies have indicated that the gene expression 

of SEMA3B can be induced by de-methylation agents [32, 

33]. Kuroki et al. [32] reported that treatment with 5-AZAC, 

a de-methylation agent, restored SEMA3B expression in 

non small cell lung cancer cells. Similarly, Tischoff et al. 

[11] reported that HepG2, which lacks expression of 

SEMA3B, re-expressed SEMA3B after treatment with 

5-AZAC. Nair et al. [33] found that SEMA3B expression in 

neuroblastoma cells increased significantly after treatment 

with another de-methylation agent, 

5-aza-2-deoxycytidylate. However, Yi et al. [34] found that 

100% of nasopharyngeal carcinoma samples and 73.3% of 

chronic nasopharyngitis tissue tested showed 

hypermethylation of the SEMA3B promoter, which 

suggests that hypermethylation of the SEMA3B promoter is 

related to inflammation, aging or other physiological and 

pathological conditions; that are un elated to the 

pathogenesis and development of nasopharyngeal 

carcinoma. Studies by Nair et al. [33] also indicated that 

cells without methylation of the SEMA3B promoter have 

low expression levels of SEMA3B, suggesting that 

methylation is not necessary for the inactivation of 

SEMA3B. 

LOH is also regarded as a mechanism of SEMA3B 

inactivation and is closely related to methylation. Riquelme et 

al. [35] reported a very high frequency of SEMA3B 

methylation in gallbladder cancer (46/50, 92%). The author 

detected LOH at 8 microsatellite loci in the 3p21.3 region of 

the 32 samples and found that 14 samples demonstrated 

methylation in at least one site located in SEMA3B. Twelve 

out of 14 (86%) gallbladder cancers demonstrated both 3p21.3 

LOH and methylation of SEMA3B. 

Tischoff et al. [11] analyzed the methylation status of 

SEMA3B and LOH at 3p21.3 in 35 hepatocellular carcinomas 

and 15 cholangiocarcinomas. The results showed that 

SEMA3B hypermethylation was found in 29/35 

hepatocellular carcinomas (83%) and in all (15/15) patients 

with cholangiocarcinomas. LOH at 3p21.3 occurred in 8/35 

(23%) hepatocellular carcinomas and 3/15 (20%) 

cholangiocarcinomas. Yi et al. [34] reported that the total 

LOH frequency of SEMA3B in patients with nasopharyngeal 

carcinomas was 45%, and the expression level of the 

SEMA3B gene was negatively correlated with LOH. However, 

Osada et al. [36] did not find a correlation between LOH and 

mRNA expression deficiency of SEMA3B in ovarian 

epithelial samples. Ito et al. [20] also found that LOH without 

hypermethylation of the SEMA3B gene can also occur in 

some cases of non-small cell lung cancer. This suggests that 

just one allelic loss might also be sufficient for the inactivation 

of SEMA3B for lung cancer development. 

Enzyme cleavage is considered another mechanism for 

SEMA3B inactivation. All the class-3 semaphorins, including 

SEMA3B contain a conserved consensus pro-protein 

convertase (PPC) cleavage site that is cleaved into two 

fragments of ~60 and ~20 kDa when combined with furin-like 

PPC, which leads to the inactivation of SEMA3B. Varshavsky 

et al. [22] found that furin-like PPC can inactivate SEMA3B, 

causing it to lose its ability to inhibit angiogenesis. However, 

the action of furin-like PPC on SEMA3B can be inhibited by a 

furin-like PPC inhibitor. The authors generated a SEMA3B 

variant of human embryonic kidney (HEK) 293 cellswith a 

point mutation at the PPC cleavage site (sema3B-m), thereby 

conferring resistance to cleavage. In contrast to HEK293 cells 

expressing native SEMA3B, cells expressing SEMA3B-m are 

strongly resistant to bFGF mediated angiogenesis. 

Conditioned medium from SEMA3B-m expressing cells 

rapidly caused the disassembly of focal adhesions and a 

collapse of the actin cytoskeleton of endothelial cells. The 

conditioned medium also inhibited the VEGFinduced 

phosphorylation of extracellular signal-regulated kinase 1/2, 

induced apoptosis of endothelial cells, and inhibited the 

formation of tubes from endothelial cells, consequently 

inhibiting angiogenesis and tumor growth. 

In summary, SEMA3B is a tumor suppressor gene, and 

deficiency or down-regulation of SEMA3B has been found in 

a variety of malignant tumors. The mechanisms involve 

methylation, LOH and enzyme cleavage. 
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5. Conclusion 

SEMA3B, as a downstream gene of p53, is considered to be 

a tumor suppressor gene in the signal transduction pathway 

ofp53 gene, inducing tumor cell apoptosis and inhibiting the 

growth of tumors. However, a few studies have reported that 

SEMA3B inhibited tumor growth while unexpectedly 

increasing tumor metastasis [37]. Although SEMA3B was 

found to be deficient or down-regulated at different levels in 

lung cancer, ovarian cancer and other malignant tumors, the 

relationship between SEMA3B and the differentiation and 

staging of tumors is still controversial. Nevertheless, the 

tendency is that the expression of SEMA3B is lower or more 

strongly down-regulated in patients with highly malignant 

tumors. The mechanism of inactivation of SEMA3B include 

methylation, LOH and enzyme cleavage. The existence of a 

link between methylation and LOH remains controversial. In 

summary, the role of SEMA3B in the development of cancer 

is complex and in-depth studies can provide clues for 

discovering drug targets. 
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