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• John Milton Hagen

• First antigen JMH described in 1978 (Sabo et al.)

• First anti-JMH cases identified in elderly men 
and later also discovered in elderly women

• As the women were often cat owners, the 
early nicknames of this blood group were 
“The Boys” and “Cat”!

THE JMH BLOOD GROUP SYSTEM



• Became a blood group system in 2000 (#26)

• GPI-linked protein 

– Semaphorin 7-A (Sema7A), encoded by SEMA7A

– CD108

• RBC antibodies mostly considered clinically 
irrelevant

• Sema7A has both immune and neurological 
functions, but unknown role on RBCs

THE JMH BLOOD GROUP SYSTEM



PlexinC1 is a transmembrane receptor for Sema7A

THE JMH BLOOD GROUP SYSTEM



JMH ANTIGENS

2002 One single antigen



JMH ANTIGENS

2013 Five additional antigens



6 ANTIGENS AND 6 RARE BLOOD TYPES

Phenotype Alternate

name

Allele name Molecular

basis

Exon Amino acid

change

Comments

JMH:–1 JMH– Unknown Protein

deficiency

 Acquired

 May be

transient

 Mostly in 

elderly

people

JMH:–2 JMHK– JMH*01.–02 c.619C>T 6 p.Arg207Trp Japanese

JMH:–3 JMHL– JMH*01.–03 c.620G>A 6 p.Arg207Gln Canadian

German

French

JMH:–4 JMHG– JMH*01.–04 c.1379G>A 11 p.Arg460His American

JMH:–5 JMHM– JMH*01.–05 c.1381C>T 11 p.Arg461Cys Polish

JMH:–6 JMHQ– JMH*01.–06 c.1040G>T 9 p.Arg347Leu Native

Americans



IS THE LIST OF JMH ANTIGENS 

TO BE CONTINUED?

No novel JMH antigen since 2011 

=> Others to be discovered?



Proband

• 32-year-old female patient

• Moroccan origin

• Pregnant

• Antibody to a high-prevalence RBC antigen

STUDY BACKGROUND



RH KEL FY JK LE MNS P1PK LU

IAT IAT

Papain

IAT

Trypsin
D C E c e Cw K k KpaKpb Fya Fyb Jka Jkb Lea Leb M N S s P1 Lua Lub

1 0 + 0 0 + 0 0 + 0 + + + + + 0 0 + 0 + 0 + 0 + 1+ 0 0

2 0 0 + + + 0 0 + 0 + + + + 0 0 + 0 + 0 + + 0 + 1+ 0 0

3 0 0 0 + + 0 + + 0 + + 0 0 + 0 + + 0 + + + + + 1+ 0 0

4 0 0 0 + + 0 0 + 0 + 0 + + + + 0 + + + + + + + 1+ 0 0

5 0 0 0 + + 0 0 + 0 + 0 + + + 0 0 + 0 + 0 + 0 + 1+ 0 0

6 0 0 0 + + 0 0 + 0 + 0 + + 0 0 + + + 0 + 0 + + 1+ 0 0

7 + 0 + + 0 0 0 + 0 + 0 + 0 + 0 + 0 + 0 + + 0 + 1+ 0 0

8 + + 0 0 + + 0 + 0 + + 0 0 + 0 + + + + 0 + + + 1+ 0 0

9 + + 0 0 + 0 + + 0 + + + + 0 0 + 0 + + + 0 0 + 1+ 0 0

10 + + 0 0 + 0 0 + 0 + + 0 + + 0 + 0 + 0 + + 0 + 1+ 0 0

11 + 0 0 + + 0 0 + 0 + + + + 0 + 0 + 0 + 0 0 0 + 1+ 0 0

12 + + + 0 + 0 0 + 0 + + + + 0 0 + + + 0 + + 0 + 1+ 0 0

13 + + 0 0 + 0 0 + + + + + + 0 0 + + + 0 + 0 0 + 1+ 0 0

14 + + 0 0 + 0 + + 0 + + + + + 0 + + 0 + 0 + 0 + 1+ 0 0

15 0 0 0 + + 0 0 + 0 + + 0 + 0 0 + 0 + 0 + + 0 + 1+ 0 0

Autocontrols 0 0 0

ANTIBODY IDENTIFICATION

First hypothesis was anti-Ge2 due to the pattern of 
reactivity and ethnic background



•Anti-Ge2 could be ruled out

•The serum was nonreactive with two JMH:–1 
samples but the patient was found to be JMH:1

•JMH:–3 RBCs were positive with the patient’s
serum => not an anti-JMH3

•Antibody was found to be an IgG4, consistent 
with a JMH-related antibody

 Antibody to a high-prevalence antigen other
than JMH1 and JMH3?

SEROLOGICAL WORKUP



•A soluble recombinant JMH protein (JMH 
Imusyn/Inno-train) fully abolished the 
reactivity of the antibody => confirms the 
antibody to be related to the JMH blood group 
system

•No JMH:–2, JMH:–4, JMH:–5, JMH:–6 rare 
cells in our inventory to be tested with the 
patient’s serum

=> Genomic DNA sequencing of SEMA7A

SEROLOGICAL WORKUP



Three nucleotide changes, in homozygous state 
(NM_003612.4, SEMA7A transcript variant 1)

- A common synonymous change in exon 12, 
c.1545A>G p.Gln515Gln, rs741761, MAF=0.5 (1000G)

- A rare non-synonymous change in exon 7, c.709G>A 
p.Asp237Asn, rs140707085, MAF<0.001, SIFT score 1 
(tolerated)

- A rare non-synonymous change in exon 14, 
c.1865G>A p.Arg622His, rs140128092, MAF<0.001, 
SIFT score 0.36 

MOLECULAR TESTING



MOLECULAR TESTING

Asp237Asn

Arg622His
Adapted from



Analysis of surface accessibility of Asp237 and Arg622 
using the 3D structure of Sema7A (PDB ID 3NVQ) 

Arg622 is predicted to be the most exposed-epitope and 
to be the likely critical amino acid change in Sema7A

3D-STRUCTURE STUDY OF SEMA7A

Arg622

Asp237

Needs to be confirmed by other studies (site-directed mutagenesis) 



•Another case later found in a pregnant 
woman of Algerian ancestry, with the same 3 
changes in homozygous state

•Novel JMH antigen acknowledged last 
Saturday by the ISBT Working Party on Red 
Cell Immunogenetics and Blood Group 
Terminology => JMH7

•JMHN for “North Africa” was proposed and 
accepted as the conventional alternate name

A NOVEL HIGH-PREVALENCE JMH ANTIGEN



7 ANTIGENS AND 7 RARE BLOOD TYPES
Phenotype Alternate

name

Allele name Molecular

basis

Exon Amino acid

change

Comments

JMH:–1 JMH– Unknown Protein

deficiency

 Acquired

 May be

transient

 Mostly in 

elderly

people

JMH:–2 JMHK– JMH*01.–02 c.619C>T 6 p.Arg207Trp Japanese

JMH:–3 JMHL– JMH*01.–03 c.620G>A 6 p.Arg207Gln Canadian

German

French

JMH:–4 JMHG– JMH*01.–04 c.1379G>A 11 p.Arg460His American

JMH:–5 JMHM– JMH*01.–05 c.1381C>T 11 p.Arg461Cys Polish

JMH:–6 JMHQ– JMH*01.–06 c.1040G>T 9 p.Arg347Leu Native

Americans

JMH:–7 JMHN– JMH*01.–07 c.709G>A

c.1865G>A

7

14

p.Asp237Asn

p.Arg622His

North Africans
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