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ABSTRACT: This article focuses on the major advances in the study of the Vel blood group, which was named after a patient who 

experienced an adverse transfusion reaction in 1952. The antigen of this blood group is encoded by the SMIM1 gene and exhibits 

autosomal inheritance. The Vel blood group system currently contains only one antigen, and the anti-Vel antibody is clinically known 

to cause hemolytic transfusion reactions and hemolytic disease of the fetus or the newborn. The SMIM1 gene is located at 

chromosome 1p36.32. Its specific mutations are strongly associated with the Vel blood group phenotype. Genetic screening 

technology has made significant progress in the Vel blood group research, and CRISPR/Cas9 technology provides a powerful tool. 

The relevant study and analysis suggested that SMIM1 was linked to diseases and could potentially serve as a biomarker for tumors. 

The SMIM1 protein may have a potential role in Plasmodium infection, and individuals carrying a homozygous deletion of the 

SMIM1 gene are associated with obesity. In the future, it is expected to further reveal the molecular basis, antigenic structure and 

function, clinical significance and interrelationship with diseases of the Vel blood group system. 
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1. Introduction 

Erythrocyte blood group antigens play crucial roles in human cell structure, physiological metabolism, and 

immunoregulation. Advances in technology, including the widespread use of mass spectrometers and flow cytometers, 

have facilitated the discovery and thorough examination of erythrocyte antigens. Moreover, advancements in 

genotyping and sequencing technologies have deepened our molecular-level understanding of these antigens. Since 

2010, significant strides have been made in the field, leading to the identification of several new blood group systems. 

The Vel antigen, initially discovered by Sussman and Miller in 1952, was originally categorized as part of a “series” 

of antigens. Over time, research has progressively uncovered the gene loci, exon sequences, and molecular biological 

characteristics of the Vel antigen. A landmark moment came in 2014 when the International Society of Blood 

Transfusion (ISBT) officially recognized the Vel blood group system as a standalone entity, designated with the number 

034, following comprehensive molecular analysis [1]. As of November 2024, this system is acknowledged to contain a 

single antigen referred to as Vel (number 034001). 

The official symbol for the Vel blood group system is ‘VEL’, with the antigen denoted as ‘Vel’. Genotypes are 

represented using the system symbol followed by an asterisk, with alleles or haplotypes separated by a slash and 

italicized (e.g., VEL*01.01/VEL*01N.01). Phenotypes are indicated by the system symbol followed by a colon and a 

list of antigens separated by commas (e.g., VEL:1). 

The ongoing advancements in technology and molecular biology have significantly enhanced our knowledge of 

erythrocyte antigens, exemplified by the detailed characterization of the Vel blood group system. These developments 
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not only contribute to the fundamental knowledge of human genetics but also have practical implications for transfusion 

medicine and clinical practice. 

The Vel antigen, encoded by the SMIM1 gene, is a prevalent antigen found in human blood, with Vel-negative 

(Vel−) status being a rare phenotype. Individuals with the Vel− phenotype can develop anti-Vel antibodies following 

immune stimuli such as pregnancy or blood transfusion. These antibodies can trigger severe hemolytic transfusion 

reactions, intravascular hemolysis, and hemolytic disease of the fetus and newborn (HDFN), underscoring their 

significant clinical implications. 

Historically, the Vel blood group has posed unique challenges in immunohematology due to its variable antigenic 

strength among individuals, the potent lytic activity of anti-Vel against Vel-positive red blood cells (RBCs), and the 

difficulty in identifying sufficient numbers of compatible Vel-negative donors. Despite these challenges, advancements 

in screening methodologies have improved the identification of Vel-negative donors, although the exact physiological 

function of the SMIM1 protein remains elusive [2]. 

In clinical settings, while anti-Vel-induced HDFN is relatively uncommon, the potential for severe transfusion 

reactions necessitates vigilance and careful management. An in-depth understanding of the characteristics and 

underlying mechanisms of the Vel blood group is essential for enhancing transfusion safety, elucidating disease 

pathogenesis, and developing novel therapeutic strategies. 

This review explores the genetic architecture of the Vel blood group, including the expression patterns and 

polymorphism distribution of the Vel antigen. It also delves into the physiological functions of the Vel antigen, its 

clinical significance, and its correlation with various diseases. Additionally, it highlights major advances in the Vel 

blood group research, providing comprehensive insights into the antigen’s characteristics and population distribution. 

This information serves as an essential reference for both immunohematology research and clinical blood transfusion 

practice, aiming to facilitate safer and more effective patient care. Continued research into the Vel blood group not only 

aids in resolving longstanding mysteries but also supports the development of targeted interventions that can 

significantly improve outcomes for patients in need of blood transfusions. 

2. Gene Structure, Antigen Expression and Polymorphism Distribution of the Vel Blood Group 

2.1. Gene Structure of the Vel Blood Group 

The SMIM1 gene, which codes for the Vel blood group antigen, determines the expression and regulation of the 

Vel blood group [2]. The SMIM1 gene, with GenBank number 388588, is located on band 6 of region 3 of the short arm 

of chromosome 1, 1p36.32. Its reference genome, NG_033869.1, has a sequence length of 10 222 base pairs (bp), and 

its mRNA sequence is NM_001163724.3. The SMIM1 gene is comprised of four exons, totaling 559 bp in length, as 

illustrated in Figure 1. Specifically, the exons are distributed as follows: exon 1 measures 93 bp, exon 2 spans 119 bp, 

exon 3 extends to 185 bp, and exon 4 reaches 162 bp. 

 

Figure 1. The four exons of the Vel blood group gene SMIM1. 

2.2. Antigen Expression of the Vel Blood Group 

The SMIM1 gene encodes a 78-amino acid type II transmembrane glycoprotein, designated as small integral 

membrane protein 1 (SMIM1). This protein is commonly known as the Vel glycoprotein or Vel antigen. There exists a 

singular antigen in the VEL system, designated as number 034001. The molecular weight of the Vel antigen is about 

18 kDa. The glycoprotein peptide chain of the Vel antigen consists of 78 amino acids [3]. SMIM1 is a tail-anchored 

transmembrane protein. The N-terminal region of the protein, comprising approximately 50 amino acids (positions 1 to 

47), is located within the cytoplasm. The transmembrane domain (TMD), predicted to span amino acids 48 to 67, 

consists of about 20 amino acids. The short C-terminal region (amino acids 68 to 78) is exposed on the extracellular 

side of the cell membrane and presents the Vel antigen. This structural configuration is schematically illustrated in 

Figure 2.  
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Figure 2. Schematic diagram of amino acid sequence and structure of the SMIM1 protein. (A): The amino acid sequence of the 

SMIM1 protein. (B): The relative positioning of the SMIM1 amino acid sequence with respect to red blood cells. 

The three-dimensional structure of the SMIM1 protein can also be simulated using SWISS-MODLE [4], based on 

the AlphaFold DB model of SMIM1_HUMAN template B2RUZ4.1.A, as depicted in Figure 3 with a different 

transmembrane segment. The peptide chain traverses the membrane in a single pass, with the epitopes of the Vel antigen 

expressed exclusively in the extracellular portion of the peptide chain. 

 

Figure 3. The three-dimensional structure of SMIM1 protein simulated by SWISS-MODLE. The SMIM1 protein is comprised of 

78 amino acids. The shorter peptide segment with the carboxyl terminus which harbors Vel antigen is positioned on the exterior of 

red blood cell membrane. Conversely, the longer amino acid sequence, which includes the amino terminus, extends into the 

intracellular space within red blood cells. 

The Vel antigen begins to be expressed at 12 weeks of fetal development; however, during the fetal and neonatal 

periods, its expression levels are lower than those observed in adults. In addition to being present in RBCs, the Vel 

antigen exhibits widespread distribution in numerous tissues, including the testis, bone marrow, kidney, and 14 

additional tissues [2]. 

The expression of blood group antigens has complex mechanisms including the critical role of transcriptional, post-

transcriptional, translational, and post-translational regulation [5]. The observed variability in antigen expression is 

related to its molecular basis. Firstly, the expression of the Vel antigen was associated with the purity of the c.64_80del 

deletion in SMIM1. In 2013, three independent research groups utilizing different approaches identified a novel small 

protein on erythrocytes called SMIM1 (small integral membrane protein 1) [6]. All three groups demonstrated that Vel-

negative erythrocytes derive from a deletion of a fragment of the SMIM1 gene. A 17-base homozygous deletion in exon 

3 of SMIM1 (c.64_80delAGCCTAGGGGGCTGTGTC) leads to premature termination of gene translation, resulting in 

the deletion of SMIM1 in Vel-negative individuals.  

Subsequent research has revealed that variations in Vel antigenic strength can be attributed to polymorphisms 

within intron 2 of the SMIM1 gene, a region critical for gene transcription [7]. Specifically, the single nucleotide 

polymorphisms (SNPs) rs1175550, rs6673829, and rs143702418 in SMIM1 intron 2 independently regulate SMIM1 
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expression. For example, the A allele of rs1175550 is significantly associated with reduced Vel antigen expression, 

while the G allele of rs1175550 and the C allele of rs143702418 correlate with elevated levels of the Vel antigen. 

The level of agglutination reactivity, which typically ranges from 2+ to 3+, is strongly linked to the base variants 

in intron 2 of SMIM1. The minor G allele at rs1175550 increases Vel antigen expression by reducing the binding affinity 

for an inhibitory factor, whereas the major A allele is associated with decreased expression. This relationship is 

confirmed by data showing that among samples with 2+ agglutination, 91% carried the major A allele, while 80% of 

3+ samples carried the minor G allele. 

Notably, individuals harboring both the SMIM1*64_80del allele and the major A allele of rs1175550 exhibit 

variable Vel antigen expression, ranging from absent (0) to weak (2+). Other studies have demonstrated that 

heterozygosity for the deletion allele, combined with the major A allele of rs1175550, results in negative or weak Vel 

expression, while the presence of the minor G allele on the non-deletion haplotype restores normal Vel expression [8]. 

The SNP rs6673829 shows a statistically significant distribution in samples with variable Vel expression. The 

minor A allele of rs6673829 was present in 60% of samples with 2+ reactivity and in 20% of samples with 3+ 

agglutination. Interestingly, two samples typed as Vel-negative carried the minor A allele of rs6673829, suggesting that 

it may contribute to reduced Vel expression. Further research is necessary to verify the role of rs6673829 in modulating 

Vel antigen expression. 

These findings highlight the complex interplay between specific SNPs in SMIM1 intron 2 and Vel antigen 

expression, emphasizing the importance of further investigation into the genetic determinants of this clinically 

significant blood group antigen. Beyond Vel expression variations explained by SNPs in SMIM1 intron 2, experimental 

evidence demonstrates that missense mutations in SMIM1 can lead to the deletion of Vel expression in cultured 

erythrocytes during in vitro denucleation and in vivo reticulocyte maturation [9]. The result showed that the 

SMIM1*152A allele (rs1182690110) was involved in reducing Vel expression due to its encoded amino acids being 

located very close to the transmembrane region of the SMIM1 protein. Despite this, the study observed changes in two 

individuals positive for the c.152T>A mutation, where the c.*58G>A mutation in the 3′UTR could potentially reduce 

Vel expression. However, there were discrepancies in three samples: two with 2+ reactivity and one with 3+ reactivity, 

which was not consistent with the study’s findings. The proposed hypothesis suggests that alterations in Vel expression 

within these three discrepant samples may be influenced by genetic or environmental factors beyond those associated 

with SMIM1. 

2.3. Distribution of Polymorphisms of the Vel Blood Group 

The Vel antigen exhibits a high prevalence, being present in approximately 99.9% of individuals from diverse 

populations. Globally, the Vel-negative phenotype is considered rare, with frequencies of around 0.04% in North 

America and 0.56% in Africa. The frequency of Vel-negative individuals is approximately 1 in 4000 in Europe, 1 in 

5000 among Caucasians, and 1 in 2000 in Germany [10]. Notably, the proportion of Vel-negative individuals is slightly 

higher in northern Sweden, with an incidence of about 1 in 1762. 

Studies in Europe have reported a Vel-negative frequency of 0.025%, which is remarkably consistent with the 

0.021% observed in the Brazilian population [11]. This similarity in frequencies may be indicative of historical 

migration patterns and genetic exchange between European and Brazilian populations, suggesting a common ancestral 

origin for the allele. Further research on the demographic history and genetic flow among these regions could provide 

valuable insights into the distribution of the Vel-negative phenotype. 

Studies in China on the Vel blood group system have yielded interesting insights. For instance, a study conducted 

in the Ili region of Xinjiang, screening 3328 donors, did not identify any homozygous deletions but detected 14 

heterozygous mutations involving a 17 bp deletion [12]. Similarly, in Jiangsu province, only one case of a 17 bp 

heterozygous mutation was found among 9122 donors. Another study in Shanghai identified two Vel-negative 

individuals out of 6153 blood donors [13]. 

Allelic frequency analysis for the SMIM1 c.64_80del mutation, which is associated with the Vel-negative 

phenotype, has been performed using PCR-sequence-specific primers (PCR-SSP) [14]. Variations in global allele 

frequency of SMIM1*64_80del are evident through comparisons: European populations exhibit frequencies ranging 

from 1.46% to 2.9%, exemplified by a rate of 1.81% in southwestern Germany. Conversely, African and Asian populations 

show much lower frequencies, at 0.56% and 0.6%, respectively. In the Ili region, the frequency was approximately 0.21% 

[12]. 
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These findings underscore the genetic diversity of the Vel blood group system and highlight the importance of 

thorough donor screening in transfusion medicine, particularly in regions where the Vel-negative phenotype may be 

more prevalent. 

The reference allele for the Vel blood group (Vel+) is VEL*01 [1]. Table 1 provides a comprehensive overview of 

the identified polymorphisms within the Vel blood group gene, including their genomic locations and the resulting 

phenotypic variations. For example, a single nucleotide mutation at position 152 in exon 4 leads to an amino acid 

substitution that results in diminished expression of the Vel antigen. Furthermore, a shifted deletion encompassing 

nucleotides 64–80 in exon 3 causes the loss of 17 amino acids from the Vel glycoprotein, leading to non-expression of 

the Vel antigen. This genetic alteration significantly impacts the structure and function of the Vel glycoprotein, 

effectively rendering it undetectable on the surface of RBCs. Such mutations play a crucial role in transfusion medicine 

by potentially influencing the compatibility of blood types between donors and recipients. 

Table 1. Polymorphisms in SMIM1 gene. 

Phenotype Allele name Nucleotide change 
Exon 

intron 

Predicted amino 

acid change 
rs number 

Vel
strong VEL*01.01 c.-75-335A>G i2 none rs1175550 

Vel− VEL*01N.01 c.64_80delAGCCTA GGGGCTGTGTC 3 p.Ser22Glnfs* rs566629828 

Vel
weak VEL*01W.01 c.152T>A 4 p.Met51Lys rs1182690110 

Velweak/Vel− VEL*01W.02 c.152T>G 4 p.Met51Arg rs1182690110 

Vel
weak VEL*01W.03 c.161T>C 4 p.Leu54Pro n.a. 

Vel
weak VEL*01W.05 c.122G>A 4 p.Arg41Lys n.a. 

n.a.: not available. 

3. Physiological Functions of the Vel Blood Group Antigen 

Erythrocyte blood group antigens have several physiological functions, e.g., blood group glycoprotein C (GYPC) 

is a minor salivary glycoprotein in the human erythrocyte membrane and plays an important role in regulating 

erythrocyte stability. The Rh-associated glycoprotein (RHAG) correlates with the expression of Rh blood group 

antigens and is involved in ammonia transport in the erythrocyte membrane. The function of Vel blood group antigens 

is highly dependent on their dimeric structure and can be further impacted by associated proteins. 

3.1. Formation of Vel Protein Multimers 

The SMIM1 gene is composed of four exons and three introns, of which exons 3 and 4 encode the functional protein, 

and exons 1 and 2 are non-coding. The theoretical molecular weight of the SMIM1 protein is approximately 8.7 kDa. 

However, SMIM1 exhibits varying molecular weights under different conditions due to its ability to form oxidation-

dependent multimers: approximately 18 kDa under reducing conditions and around 32 kDa under non-reducing 

conditions. Consequently, in the SDS-PAGE analysis, SMIM1 does not migrate at its theoretical molecular weight. 

Biochemical analyses and flow cytometry studies on cells expressing both wild-type and mutant alleles of SMIM1 

have revealed that the protein undergoes dithiothreitol-sensitive dimerization [15]. The process of dimerization 

contributes to an increase in Vel antigen expression on the cell surface. Specifically, SMIM1 dimerization is facilitated 

by extracellular homodimeric disulfide bonds formed through cysteine residue Cys77 and by GxxxG motifs within the 

transmembrane domain, which mediate helix-helix interactions. 

The structural and functional characteristics of SMIM1, including its multimerization properties and the impact of 

specific amino acid residues on Vel antigen expression, highlight the complex nature of this protein. These findings 

provide valuable insights into the mechanisms underlying Vel antigen presentation and have significant implications 

for transfusion medicine and immunohematology. 

The Vel antigen exhibits notable chemical stability, maintaining its antigenicity despite exposure to acidic 

conditions that typically cause denaturation. However, exposure to a reducing agent such as 200 mmol/L dithiothreitol 

(DTT) can compromise its antigenic properties. Moreover, certain proteolytic enzymes such as ficin, papain, trypsin, 

and α-chymotrypsin have been shown to markedly potentiate the reactivity of the Vel antigen. 

These findings are instrumental in elucidating the clinical serologic profiles observed in patients, providing insights 

into the varying intensities of anti-Vel antibody responses. Such understanding is critical for precise blood typing and 

crossmatching, ultimately enhancing patient safety in transfusion medicine. 
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3.2. Vel Proteins and Regulation of Erythropoiesis 

The gene SMIM1 (NG_033869.1) is located in a 10-kb haplotype block at band 6 of region 3 of the short arm of 

chromosome 1. The gene SMIM1 for the Vel antigen is in close proximity to the locus for the RH antigen (the RH gene is 

also located at 1p36); however, the linkage between SMIM1 and the RH antigen remains undetermined. 

SMIM1 protein is highly expressed in hematopoietic cells, but the exact mechanism of its involvement in red 

lineage development is unknown. In zebrafish knockdown of SMIM1 gene, SMIM1 protein deficiency was found to be 

associated with low hemoglobin levels, suggesting its role as an erythropoietic regulator [16].
 
The STRING database 

shows that the majority of the SMIM1-related proteins are associated with the regulation of erythropoiesis, as illustrated 

in Figure 4 [17]. 

 

Figure 4. The proteins associated with SMIM1. 

3.3. Vel Blood Group Antigens and Metabolism 

The Vel blood group antigens may play a significant role in metabolic function, as evidenced by the metabolic 

characterization of individuals homozygous for the SMIM1 deletion (homozygous Vel-negative). Studies utilizing 

plasma biochemistry, calorimetric chambers, and dual-energy X-ray absorptiometry (DXA) scans have revealed that 

these individuals exhibit a range of metabolic traits [18]. These include increased adiposity, signs of inflammation, 

altered liver function, and changes in triglyceride and lipoprotein metabolism. These metabolic alterations appear to be 

at least partially attributable to reduced energy expenditure, which is a key risk factor for obesity. 

In severe cases, these metabolic changes can lead to impaired insulin sensitivity and an elevated risk of developing 

metabolic syndrome. This condition is frequently accompanied by heightened susceptibility to cardiovascular disease—

a correlation supported by analyses of drug prescriptions and electronic medical records. The observed metabolic 

disturbances, increased cardiovascular risks, and patterns of SMIM1 expression are consistent with findings indicative 

of mild hypothyroidism resulting from SMIM1 deficiency. 

Future research should aim to elucidate the precise mechanisms by which this small transmembrane protein 

influences metabolic processes. Understanding these mechanisms could uncover new therapeutic targets and 

opportunities for intervention, potentially leading to innovative treatments for metabolic disorders and associated 

conditions. The direct effects of the Vel blood group antigen on metabolism suggest a broader physiological significance 

than previously recognized, highlighting the need for further investigation into its functional role and clinical implications. 

4. Clinical Significance, Relevant Testing and Screening of the Vel Blood Group 

4.1. Clinical Significance of the Vel Blood Group and Vel Antibodies 

The Vel antigen is a high-frequency blood group antigen, with its alloantibodies implicated in hemolytic 

transfusion reactions [19]. Individuals who are Vel-negative can develop alloimmune antibodies against the Vel antigen. 

Most anti-Vel antibodies are a mixture of IgG and IgM and can sensitize RBCs, resulting in a strong positive direct 

antiglobulin test (DAT) reaction. This sensitization can lead to significant hemolytic reactions upon transfusion. Anti-

Vel has also been shown to react positively in monocyte monolayer assays, indicating its potential for causing severe 

acute or delayed hemolytic transfusion reactions. 
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Homozygous immunization against the Vel antigen can result in adverse transfusion reactions or hemolytic disease 

in fetuses and newborns [20]. Given the clinical significance of anti-Vel, it is imperative to identify Vel-negative donors 

to ensure safe transfusions for patients who have developed homozygous immunization. Transfusing Vel-positive blood 

into a Vel-negative individual or during pregnancy with a Vel-positive fetus can trigger the production of alloantibodies, 

potentially leading to severe hemolytic reactions. Due to the rarity of the Vel-negative phenotype, it is crucial to screen 

recipient blood samples for relevant antibodies to mitigate the risks associated with blood transfusion. 

To address these challenges, innovative methods such as machine learning have been applied to classify and 

determine RBC antigens from genotyping array data. This approach offers an effective tool for predicting and screening 

for antigen-negative blood donors [21]. In genetic prediction studies, the Vel blood group has served as a model for 

assessing viability and narrowing down candidate lists of donors with rare blood types [22]. Effective blood 

management is especially critical for patients requiring organ transplantation who possess anti-Vel antibodies, as it can 

significantly impact the success and safety of the procedure [23]. 

In summary, the identification and management of Vel-negative individuals are vital components of transfusion 

medicine, ensuring patient safety and optimal outcomes in cases where anti-Vel antibodies are present. The application 

of advanced technologies like machine learning in antigen prediction enhances our ability to provide tailored and safer 

transfusion practices for patients with rare blood types. 

4.2. Serologic Testing and Screening for the Vel Blood Group 

The complexity of phenotyping and characterizing the Vel blood group stems from significant individual 

variability in Vel antigen expression and the inherent instability of human polyclonal antibodies utilized for this purpose. 

For patients who develop anti-Vel alloantibodies, receiving Vel-negative blood is crucial to prevent adverse transfusion 

reactions; however, such individuals are uncommon, and identifying them is challenging due to the lack of 

commercially available serologic reagents designed for detecting the Vel antigen. 

Ensuring a supply of Vel-negative blood necessitates the identification of compatible donors, yet this process is 

hampered by the difficulty in achieving precise Vel blood typing. The variable expression levels of the Vel antigen and 

the scarcity of reliable anti-Vel typing sera contribute to these challenges. Current serological studies on the Vel blood 

group rely primarily on antibodies sourced from Vel-negative individuals who have generated an immune response 

following exposure to Vel-positive cells through transfusion or pregnancy. These antibodies must undergo a series of 

processes, including adsorption, dispersion, and purification, before they can be applied to serological screening. 

However, the effectiveness and consistency of antisera derived from different individuals can vary widely, leading to 

inconsistencies and potential instability in screening outcomes. Moreover, the complex expression patterns of Vel 

antigen in heterozygous deletions may result in false-negative results during testing. 

To address these issues, researchers have explored innovative approaches, such as isolating the variable region 

sequences from anti-Vel-specific B cells obtained from homozygous immunized patients. By cloning these sequences 

into an immunoglobulin expression vector, they were able to produce recombinant anti-Vel antibodies that exhibit 

enhanced sensitivity, capable of recognizing even weakly expressed Vel antigen [24]. In another study, CRISPR/Cas9 

technology was utilized to knock down the SMIM1 gene in K562 cells, which laid the foundation for the subsequent 

construction of a cellular model of Vel antigen phenotype-negative cells, and provided a new solution to the 

identification of antibodies in Vel-negative individuals [25]. The advancement represents a significant step toward 

improving the accuracy and reliability of Vel blood group typing. 

4.3. Molecular Biology Testing and Screening for the Vel Blood Group 

The SMIM1 gene, encoding the Vel blood group antigen, features a 17-base pair deletion in exon 3 that leads to 

the absence of Vel antigen expression. Identifying Vel-negative donors is paramount for providing safe transfusion 

support to patients lacking this antigen but poses a significant challenge for immunohematology laboratories. 

Prior to the elucidation of the molecular basis for the Vel antigen, the screening process for identifying Vel-negative 

donors relied exclusively on serological methods using human antisera. However, this approach is constrained by the 

limited availability and variability of reagents, complicating efforts to ensure a sufficient supply of compatible blood 

for Vel-negative patients. The discovery of the genetic foundation behind Vel− has opened new avenues for more 

precise and efficient donor identification strategies, moving beyond the limitations of traditional serologic testing. The 

molecular mechanisms underlying the generation of the Vel− phenotype are specific and well-defined, making the use 

of PCR-SSP targeting the c.64_80del allele for genotyping an effective way to overcome the limitations of classical serology. 
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Since the molecular basis for the Vel-negative phenotype was identified as a 17-base pair deletion in exon 3 of the 

SMIM1 gene, genotyping has emerged as the preferred method for identifying individuals with this rare trait. Molecular 

biology techniques not only elucidate the variability in Vel antigen expression but also enable efficient high-throughput 

screening. Various molecular protocols have been proposed for identifying and screening Vel-negative individuals, 

including PCR-RFLP, high-resolution melting curve analysis, real-time PCR, and Sanger sequencing. For regions like 

Arabia countries and Iran, where there is an increased need to secure blood supplies due to migration patterns, advanced 

technologies such as MALDI-TOF Mass Spectrometry combined with PCR-SSP have been employed to screen for and 

detect blood group allele frequencies [14]. 

The SNaPshot multiplex assay stands out for its ability to simultaneously genotype multiple rare blood groups, 

making it a valuable tool for screening rare blood donors. Incorporating genotyping for the SMIM1*64_80del allele into 

the SNaPshot protocol can enhance the detection of Vel-negative donors, ensuring safe transfusions for patients with 

rare blood types [11]. 

Vel antigen expression in blood donor populations is influenced by genetic variations within intron 2 of SMIM1, 

particularly SNP rs1175550. Understanding these molecular mechanisms across diverse populations can inform the 

development of robust methods for identifying Vel-negative donors. Genotyping of blood donors has already proven 

instrumental in providing compatible blood for patients with alloantibodies and in generating rare reagent cells through 

serological detection [26]. Studies assessing the concordance between serological phenotypes and genotypes of 

common blood group antigens in Omani blood donors highlight the importance of combining both approaches [27]. 

Moreover, certain anomalies in Vel antigen expression necessitate molecular tools for accurate interpretation. 

Negative or weak serological responses are often linked to the 17 bp deletion in SMIM1 when present in a heterozygous 

form. However, other nucleotide changes, such as missense mutations at position 152 (152T>A or 152T>G), can also 

impact Vel expression. The A allele of SNP rs1175550, located in the erythrocyte-specific regulatory region of intron 

2 in SMIM1, is associated with diminished transcription of the gene, further contributing to variability in Vel antigen levels. 

5. Correlation between the Vel Blood Group and Diseases 

Research into the interplay between blood types and disease susceptibility is of paramount importance, offering 

insights that can lead to improved patient care and public health strategies. A recent study involving a large cohort of 

650 156 Danish blood donors with diverse secretor statuses and blood groups, including Vel, has revealed a significant 

association between reduced susceptibility to SARS-CoV-2 and individuals with the Lewis type Lea antigen or blood 

group O. This finding underscores the complex relationship between blood group antigens and infectious diseases, 

potentially guiding future epidemiological studies and therapeutic approaches [28]. 

Beyond its established role as the Vel blood group antigen, emerging evidence from bioinformatics analyses 

suggests that SMIM1 may serve as a novel biomarker for cancer. Studies indicate that this protein could play a critical 

role in the development and progression of various tumors [29]. The introduction of a new qPCR assay for detecting 

imported human Plasmodium species further highlights the versatility of molecular techniques in transfusion medicine 

and infectious disease diagnostics [30]. 

The structural similarity between SMIM1 and glycoproteins, along with observations of its phosphorylation in 

erythrocytes infected by Plasmodium falciparum (P. falciparum), has led researchers to hypothesize that SMIM1 might 

be implicated in malaria pathogenesis. This hypothesis opens up an intriguing avenue for investigating the potential 

involvement of SMIM1 in parasitic infections, which could have implications for understanding host-parasite 

interactions and developing targeted interventions against malaria. 

These findings expand our knowledge regarding the impact of blood group antigens on disease susceptibility and 

broaden the scope of SMIM1’s biological functions beyond transfusion medicine, suggesting its potential roles in 

oncology and infectious diseases. Continued research in these areas promises to uncover more about the multifaceted 

nature of SMIM1 and its relevance to human health. 

5.1. SMIM1 Protein and Tumors 

Research has progressively illuminated the potential link between the SMIM1 gene and its protein product with 

various types of cancer. In 2014, a study reported an intriguing correlation: the expression of SMIM1 was notably 

upregulated in leukocytes from colorectal cancer patients following oxaliplatin-based chemotherapy [31]. This 

observation suggests a possible association between SMIM1 and the development of oxaliplatin-induced peripheral 
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neuropathy, a common side effect of this treatment. These findings hint that SMIM1’s role may extend beyond 

erythropoiesis to influence certain disease states. 

Further evidence supporting SMIM1’s broader significance comes from erythrocyte protein profiling studies 

involving hepatocellular carcinoma (HCC), cirrhosis, and healthy controls [32]. The research revealed significant 

differences in SMIM1 expression among these groups, particularly highlighting elevated levels in HCC patients. This 

differential expression suggests SMIM1 could serve as a biomarker for early diagnosis of hepatocellular carcinoma. 

Immunohistochemical analysis confirmed increased SMIM1 expression in the cancerous tissues of HCC patients, 

indicating its involvement not only in erythropoiesis but also potentially in tumor-induced erythrocytosis associated 

with liver cancer. 

The DepMap Portal database corroborates these observations by revealing differential expression of SMIM1 across several 

tumor cell lines, with notably high expression in myeloid tumors. This aligns with other studies showing elevated SMIM1 levels 

in bone marrow and erythroleukemia cell lines [33], reinforcing the gene’s potential role in hematopoietic malignancies. 

Moreover, SMIM1’s high expression in kidney and breast tissues points to its possible involvement in the 

development of cancers within these organs. This expression pattern suggests that SMIM1 holds promise as a biomarker 

for diagnosing and treating various tumors, expanding its relevance beyond its traditional role in RBC formation. 

Accumulating evidence indicates that SMIM1 plays a multifaceted role in both normal erythropoiesis and 

pathological conditions, including cancer. Its potential as a biomarker for early diagnosis and therapeutic targeting in 

multiple cancer types warrants further investigation, opening new avenues for personalized medicine approaches in oncology. 

5.2. SMIM1 and Plasmodium Infection 

Plasmodium vivax (P. vivax) is a pathogenic agent that infects human erythrocytes, with its development and the 

disease’s pathological processes being closely associated with blood group antigens. Plasmodium species influence the 

expression and sequence variation of erythrocyte surface receptor genes [34]. For instance, P. vivax requires the Duffy 

antigen for successful invasion of reticulocytes, while P. falciparum utilizes sialic acid residues on glycoproteins and 

other receptors such as complement receptor 1 (CR1) and band 3 proteins to enter host erythrocytes. Disease phenotypes, 

including rosette formation, are influenced by ABO blood type, with type O individuals exhibiting a lower risk of severe 

malaria, whereas type A individuals may be more prone to developing severe forms of the disease. 

It was noted that SMIM1 shares biochemical properties with glycoproteins, particularly glycoprotein A (GPA), a 

type I transmembrane protein [6]. The SMIM1 protein could play a critical role in the pathogenesis of malignant malaria 

infections, suggesting it might serve as an invasion receptor for P. falciparum. SMIM1 has been characterized as a type 

II transmembrane protein with phosphorylation sites within its cytoplasmic region, indicating its potential involvement 

in the interaction between P. falciparum and human erythrocytes during infection. Phosphorylation of erythrocyte 

membrane proteins, such as band 3, induced by P. falciparum infection, is crucial for parasite migration, likely due to 

weakened membranes resulting from the dissociation of phosphorylated band 3 proteins from the cytoskeleton, which 

disrupts the organization of the erythrocyte cytoskeleton. Genome-wide and phosphoproteomics analyses of P. 

falciparum-infected erythrocytes have revealed that SMIM1 undergoes phosphorylation during the lysosomal stage of 

the parasite’s life cycle [35]. 

Structurally, SMIM1 is capable of forming part of the junctional membrane complex alongside glycoprotein C, Rh 

antigens, and the Kel glycoprotein [36]. Although a study on Kenyan children did not show an association between 

SMIM1 polymorphisms and severe malaria, the potential relationship between SMIM1 and the structural organization 

of the erythrocyte membrane, coupled with its phosphorylation in P. falciparum-infected erythrocytes and similarities 

to glycoproteins, suggests that the role of SMIM1 in P. falciparum infections merits further investigation [34]. 

The multifaceted interactions between Plasmodium parasites and erythrocyte surface receptors highlight the 

complexity of malaria pathogenesis. The emerging evidence pointing to SMIM1’s involvement in these processes 

underscores the need for continued research into this protein’s function, potentially leading to new insights into malaria 

biology and therapeutic targets. 

5.3. Association of SMIM1 with Obesity and Dyslipidemia 

The underlying cause of obesity is an imbalance in energy expenditure, which is due to the interaction of lifestyle, 

environmental and genetic factors. In a study with 488 376 participants, 104 individuals with the SMIM1-/- genotype 

were found. A comparative study with the homozygous SMIM1-positive population revealed significant metabolic 

differences between individuals who were homozygous for the loss-of-function genetic variant of small integral 
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membrane protein 1 (SMIM1) and the general population. Compared with SMIM1+/+ individuals, SMIM1-/- individuals 

were heavier, had dyslipidemia, and may be more prone to cerebral hemorrhage and thrombotic stroke; they were more 

likely to be on statins, and exhibited characteristics similar to episodes of metabolic syndrome. SMIM1 is expected to 

have a direct effect on dyslipidemia and liver function. Reduced energy expenditure due to mild hypothyroidism may 

be the underlying cause [18]. 

6. Summary and Perspectives 

The study of the Vel blood group has made remarkable multifaceted progress in recent years. By delving into the 

molecular mechanisms underlying Vel antigen generation and combining this with the design of specific primers, 

researchers have provided new approaches for large-scale screening of rare blood groups. These advancements can 

significantly reduce the time and cost associated with screening, enhance screening efficiency, and promote the 

application of the Vel blood group identification in both laboratory and clinical settings. This work also facilitates the 

identification of other rare blood groups with similar molecular mechanisms. 

In the field of transfusion medicine, a deeper understanding of the Vel blood group system enables more accurate 

identification of Vel-negative phenotypes, thereby effectively preventing hemolytic transfusion reactions and ensuring 

transfusion safety. Additionally, research on the associations between the Vel blood group and conditions such as 

tumors, P. vivax infection, and obesity has opened up new avenues and potential applications in these areas. 

Looking ahead, with the continuous innovation in technology and the deepening of interdisciplinary research, the 

study of the Vel blood group is poised to make further breakthroughs and contribute significantly to the advancement 

of medical science. 

Acknowledgments 

We would like to extend our deepest appreciation to Professor Zhenqing Feng for his invaluable insights and 

meticulous guidance during the preparation and revision of this manuscript. 

Author Contributions 

Conceptualization, Y.Y. and H.G.; Methodology, H.G. and Y.Y.; Software, H.G.; Validation, F.C., Z.W., H.G. 

and Y.Y.; Formal Analysis, H.G.; Investigation, H.G.; Resources, Y.Y.; Data Curation, H.G. and F.C.; Writing—

Original Draft Preparation, Y.Y. and H.G.; Writing—Review & Editing, F.C., Z.W., H.G. and Y.Y.; Visualization, 

H.G.; Supervision, H.G.; Project Administration, Y.Y.; Funding Acquisition, Y.Y. 

Ethics Statement 

Not applicable. 

Informed Consent Statement 

Not applicable. 

Funding 

This work was supported by the grant from the Zhejiang Provincial Basic Public Welfare Research Program 

(LGF20H080004) and the Open Project of Zhejiang Key Laboratory of Blood Safety Research (2019KF002). 

Declaration of Competing Interest 

The authors declared no conflict of interests.  

References 

1. ISBT Working Party. Red cell immunogenetics and blood group terminology. Available online: 

https://www.isbtweb.org/resource/034vel.html (accessed on 28 November 2024). 

2. Aniweh Y, Nyarko PB, Quansah E, Thiam LG, Awandare GA. SMIM1 at a glance; discovery, genetic basis, recent progress 

and perspectives. Parasite Epidemiol. Control 2019, 5, e00101. 

3. Nylander A, Leznicki P, Vidovic K, High S, Olsson ML. SMIM1, carrier of the Vel blood group, is a tail-anchored 

transmembrane protein and readily forms homodimers in a cell-free system. Biosci. Rep. 2020, 40, 1–11. 



Blood and Genomics 2024, 2, 10002 11 of 12 

 

4. SWISS-MODEL developed by the computational structural biology group at the SIB swiss institute of bioinformatics and the 

biozentrum of the university of basel. Available online: https://swissmodel.expasy.org/ (accessed on 28 November 2024). 

5. Gassner C, Olsson ML. Regulation of blood group expression: another layer of complexity to consider. Transfus. Med. 

Hemother. 2024, 51, 207–209. 

6. Storry JR, Jöud M, Christophersen MK, Thuresson B, Åkerström B, Sojka BN, et al. Homozygosity for a null allele of SMIM1 

defines the Vel-negative blood group phenotype. Nat. Genet. 2013, 45, 537–541. 

7. Dezan MR, Costa-Neto A, Gomes CN, Ribeiro IH, Oliveira VB, Conrado MC, et al. SMIM1 intron 2 gene variations leading 

to variability in Vel antigen expression among Brazilian blood donors. Blood Cells Mol. Dis. 2019, 77, 23–28. 

8. van der Rijst MV, Abay A, Aglialoro F, van der Schoot CE, van den Akker E. SMIM1 missense mutations exert their effect on 

wild type Vel expression late in erythroid differentiation. Transfusion 2021, 61, 236–245. 

9. Haer-Wigman L, Stegmann TC, Solati S, Ait Soussan A, Beckers E, van der Harst P, et al. Impact of genetic variation in the 

SMIM1 gene on Vel expression levels. Transfusion 2015, 55, 1457–1466. 

10. Wieckhusen C, Rink G, Scharberg EA, Rothenberger S, Kömürcü N, Bugert P. Molecular screening for Vel-Blood donors in 

southwestern Germany. Transfus. Med. Hemother. 2015, 42, 356–360. 

11. Arnoni CP, De Paula Vendrame TA, Muniz JG, Gazito D, de Medeiros Person RD, Cortez AJ, et al. SMIM1 polymorphisms 

in a donor population from southeast Brazil and their correlation with VEL expression. Blood Transfus. 2019, 17, 60–65. 

12. Liu T, Xu T, Liu Y, Zhang R, Dou W, Shi L, et al. Molecular screening for Vel-blood type and analysis of SMIM1 gene variants. 

Chin. J. Med. Genet. 2020, 37, 1349–1351. 

13. Yu Y, Wang Z, Zhu L, Lin Y, Chang H, Xu H. The Polymorphism of SMIM1 gene in chinese individuals. Indian J. Hematol. 

Blood Transfus. 2019, 35, 137–143. 

14. Flesch BK, Scherer V, Just B, Opitz A, Ochmann O, Janson A, et al. Molecular blood group screening in donors from arabian 

countries and iran using high-throughput MALDI-TOF mass spectrometry and PCR-SSP. Transfus. Med. Hemother. 2020, 47, 

396–408. 

15. Kelley LP, Nylander A, Arnaud L, Schmoker AM, St. Clair RM, Gleason LA, et al. Dimerization of small integral membrane 

protein 1 promotes cell surface presentation of the Vel blood group epitope. FEBS Lett. 2020, 594, 1261–1270. 

16. Cvejic A, Haer-Wigman L, Stephens JC, Kostadima M, Smethurst PA, Frontini M, et al. SMIM1 underlies the Vel blood group 

and influences red blood cell traits. Nat. Genet. 2013, 45, 542–545. 

17. Global biodata coalition and ELIXIR. Available online: https://www.string-db.org/ (accessed on 28 November 2024). 

18. Stefanucci L, Moslemi C, Tomé AR, Virtue S, Bidault G, Gleadall NS, et al. SMIM1 absence is associated with reduced energy 

expenditure and excess weight. Med 2024, 5, 1083–1095.e1086. 

19. Moise KJ, Morales Y, Bertholf MF, Rossmann SN, Bai Y. Anti-Vel alloimmunization and severe hemolytic disease of the fetus 

and newborn. Immunohematology 2019, 33, 152–154. 

20. van Gammeren AJ, Overbeeke MA, Idema RN, Van Beek RHT, Ten Kate-Booij MJ, Ermens AAM. Haemolytic disease of the 

newborn because of rare anti-Vel. Transfus. Med. 2008, 18, 197–198. 

21. Hyvärinen K, Haimila K, Moslemi C, Biobank BS, Olsson ML, Ostrowski SR, et al. A machine-learning method for biobank-

scale genetic prediction of blood group antigens. PLoS Comput. Biol. 2024, 20, e1011977. 

22. Moslemi C, Saekmose SG, Larsen R, Bay JT, Brodersen T, Didriksen M, et al. Genetic prediction of 33 blood group 

phenotypes using an existing genotype dataset. Transfusion 2023, 63, 2297–2310. 

23. de Freitas Dutra V, Yokoyama APH, de Rezende MB, Felga GEG, Kutner JM, Bonet-Bub C. A challenge for blood management: a 

patient presenting anti-Vel antibody undergoing orthotopic liver transplantation. Transfus. Med. 2023, 33, 426–427. 

24. van der Rijst MV, Lissenberg-Thunnissen SN, Ligthart PC, Visser R, Jongerius JM, Voorn L, et al. Development of a 

recombinant anti-Vel immunoglobulin M to identify Vel-negative donors. Transfusion 2019, 59, 1359–1366. 

25. Yang J, Li A, Li M. CRISPR/Cas9-Editing K562 cell line as a potential tool in transfusion applications: knock-out of Vel 

antigen gene. Transfus. Med. Hemother. 2024, 51, 265–273. 

26. Rieneck K, Krog GR, Clausen FB, Egeberg Hother C, Dziegiel MH. Blood donor genotyping for prediction of blood group 

antigens: Results from 5 years’ experience (2017–2022). Vox Sang. 2023, 118, 980–987. 

27. Al-Riyami AZ, Al Hinai D, Al-Rawahi M, Al-Hosni S, Al-Zadjali S, Al-Marhoobi A, et al. Molecular blood group screening 

in Omani blood donors. Vox Sang. 2022, 117, 424–430. 

28. Moslemi C, Saekmose S, Larsen R, Brodersen T, Didriksen M, Hjalgrim H, et al. A large cohort study of the effects of Lewis, 

ABO, 13 other blood groups, and secretor status on COVID-19 susceptibility, severity, and long COVID-19. Transfusion 2023, 

63, 47–58. 

29. McGowan EC, Wu PC, Hellberg Å, Lopez GH, Hyland CA, Olsson M. A bioinformatically initiated approach to evaluate 

GATA1 regulatory regions in samples with weak D, Del, or D- phenotypes despite normal RHD exons. Transfus. Med. 

Hemother. 2024, 51, 252–264. 

30. Cordier C, Hamane S, Ghelfenstein-Ferreira T, Dellière S, Da Silva É, Denis B, et al. Implementation and validation of a new 

qPCR assay to detect imported human Plasmodium species. Microbiol. Spectr. 2024, 1, e0162224. 

31. Morales M, Ávila J, González-Fernández R, Boronat L, Soriano ML, Martín-Vasallo P. Differential transcriptome profile of 



Blood and Genomics 2024, 2, 10002 12 of 12 

 

peripheral white cells to identify biomarkers involved in oxaliplatin-induced neuropathy. J. Pers. Med. 2014, 4, 282–296. 

32. Wang S, Wang G, Lu S, Zhang J, Zhang W, Han Y, et al. Proteome expression profiling of red blood cells during the 

tumorigenesis of hepatocellular carcinoma. PLoS ONE 2022, 17, e0276904. 

33. Broad Institute. Available online: https://depmap.org/portal/interactive/ (accessed on 28 November 2024). 

34. Ndila CM, Uyoga S, Macharia AW, Nyutu G, Peshu N, Ojal J, et al. Human candidate gene polymorphisms and risk of severe 

malaria in children in Kilifi, Kenya: a case-control association study. Lancet Haematol. 2018, 5, e333–e345. 

35. Solyakov L, Halbert J, Alam MM, Semblat, JP, Dorin-Semblat D, Reininger L, et al. Global kinomic and phospho-proteomic 

analyses of the human malaria parasite Plasmodium falciparum. Nat. Commun. 2011, 2, 565. 

36. Arnaud L, Kelley LP, Helias V, Cartron JP, Ballif BA. SMIM1 is a type II transmembrane phosphoprotein and displays the 

Vel blood group antigen at its carboxyl-terminus. FEBS Lett. 2015, 589, 3624–3630. 


