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Abstract
BACKGROUND—JAL (RH48) is a low-prevalence antigen in the Rh blood group system and anti-
JAL has caused hemolytic disease of the newborn. JAL is associated with either a haplotype carrying
depressed C and e antigens or one carrying depressed c and e antigens. Blood samples from JAL+
people were tested, published serologic findings were confirmed, serologic studies were extended to
include expression of other Rh antigens, and the antibody specificities produced by three sensitized
JAL+ probands are reported.

STUDY DESIGN AND METHODS—Red blood cell (RBC) samples from 17 (12 probands) JAL
+ persons were tested by hemagglutination using standard methods.

RESULTS—RBCs from both the Caucasian JAL+ probands had the (C)(e) haplotype and weakened
C, e, hrB, and hrS antigens. JAL+ samples from black persons had the (c)(e) haplotype and expressed
weakened c, e, f, V, VS, hrB, and hrS antigens. Plasma from three sensitized c+e+ JAL+ probands
contained alloanti-c, alloanti-e, or alloantibody of apparent anti-Rh17 specificity. This study shows
that this alloanti-Rh17–like antibody recognizes the high-prevalence antigen antithetical to JAL that
has been named CEST.

CONCLUSIONS—The presence of the JAL antigen has a quantitative (weakening) effect on the
expression of C, e, hrB, and hrS antigens in Caucasian persons and of c, e, f, V, VS, hrB, and hrS

antigens in people of black African ancestry. A qualitative effect also was demonstrated by the
presence of alloanti-c or alloanti-e in the plasma of two transfused c+e+ patients and by an antibody
(anti-CEST) that recognizes the high-prevalence antigen antithetical to JAL.

Of antibodies to protein-based blood groups, those to antigens in the Rh blood group system
are unquestionably the most relevant in transfusion medicine. The Rh blood system is the most
polymorphic and many antigens in this system are highly immunogenic and the corresponding
antibodies can cause transfusion reactions and hemolytic disease of the fetus and newborn
(HDFN).1 Antigens in the Rh blood group system are encoded by variant genes arising either
as a consequence of a single nucleotide change in RHD or RHCE or from various
rearrangements between these two homologous genes.1,2

Quantitative and qualitative alteration in expression of primary Rh blood group system antigens
(D, C, E, c, e) is often associated with expression of a low-prevalence antigen. Furthermore,
production of alloanti-D in a D+ person and alloanti-e in an e+ person is not uncommon. In
contrast, partial C and partial c antigens are rarely encountered. Alloanti-C has been made by
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people with (C)ceS (r′S), CW+, CX+, or D(C)(e) phenotypes.1 Only two examples of alloanti-
c in c+ people have been described. One was in a person with a presumed R1r phenotype3 and
the other was actually anti-Rh26, which can appear as anti-c, made by a Rh26−, c+ person.4
Anti-Rh26 is more usually made by Rh26−, c− people.5 Molecular studies have shown that
Rh26 is antithetical to the low-prevalence antigen LOCR.6 Other altered c antigens have been
reported, [(c)(e)Be(a+), (c)(e)JAL+, (c)(e) (rL and rt), and (c)(E)]1 but to date, people with
these altered c antigens have not been reported to have made alloanti-c.

In a multilaboratory investigation, the low-prevalence JAL antigen was reported to be
associated with two unusual Rh complexes, one in Caucasian persons with depressed
expression of C and e antigens [(C)(e)] and the other in black persons with depressed expression
of c and e antigens [(c)(e)].7 This antigen was first encountered in 1977 when the serum sample
of a mother (S. Allen) had an antibody that reacted strongly with red blood cells (RBCs) from
her baby and husband (J. Allen) but failed to react with many examples of RBC samples known
to carry low-prevalence antigens. This, the third child of S. Allen, suffered from HDFN.7
Another example of anti-JAL, in the serum sample of J. Pas., also caused HDFN in her third
child. This antibody reacted strongly with the RBCs of her husband (D. Pas.) whose RBCs had
a weak C antigen. The only other known example of anti-JAL was in a serum also containing
anti-Wra, -Pta, and -Swa (from J. McD).7

In a parallel study, Poole and coworkers8 used serum of J. Pas. to test 90,000 Swiss donor
blood samples and found four additional JAL+ probands. These four donors were French-
speaking and taking into account that only approximately 7.5% of the donors tested were
French-speaking (91.3% were German-speaking and 1.2% were Italian-speaking), the
prevalence of the JAL antigen in the French-speaking population was estimated to be 0.06%.
Testing blood samples from family members of the four JAL+ probands showed that the JAL
antigen is indeed in the Rh blood group system. When the C+JAL+ phenotype was associated
with a c in trans, the C antigen was detected by only about 45% of serum samples containing
polyclonal anti-C and the reactions were weaker than with DCe/ce control RBC samples. Also,
when the gene complex producing C and JAL was aligned with DcE in trans, expression of
the e antigen was weaker than that of DcE/ce control RBC samples. Approximately 50% of
serum sample containing polyclonal anti-e agglutinated E+e+JAL+ RBC samples with
reactivity that ranged from extremely weak to a strength that was equivalent to E+e+ control
RBC samples. The JAL antigen was assigned an Rh number (RH48) in 1990.9

Since the two original studies,7,8 additional people with JAL+ RBCs have been identified. In
the study we present here, we tested blood samples from three of the original seven JAL+
probands tested by Lomas and coworkers,7 in parallel with those identified in the subsequent
years in several laboratories and referred to our reference laboratories.

We confirmed the published serologic findings and, in addition, show that both haplotypes that
encode JAL have altered expression of hrS and hrB antigens and that the c and e antigens are
qualitatively as well as quantitatively altered because two transfused patients have made,
respectively, alloanti-c and alloanti-e. We also describe a proband, homozygous for the gene
encoding JAL, who has an alloantibody to the high-prevalence antigen that is antithetical to
JAL and that we have named CEST [ISBT number RH57 (004057)].

MATERIALS AND METHODS
Samples

Blood samples were from various sources, referred because of detection of an unexpected
alloantibody, discrepant typing results, or the presence of a low-prevalence antigen. The
referral reasons of the samples in this study are given in Table 1 and the ethnicity is given in
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Table 2. Sample 1 (E. H.), Sample 3 (J. Allen), and Sample 4 (SA6) had been tested in the
original JAL study by Lomas and coworkers.7 Sample 3 is the husband of the original antibody
producer for whom the antigen is named. Sample 4 presented as a discrepant c typing in a
Caribbean black person in England in 1985. The remainder of the samples were referred to our
reference laboratories over the years or detected during our investigation to determine the
molecular basis of JAL. The probands were Caucasian (n = 2), black African American (n =
6), black African Caribbean (n = 1), black African Puerto Rican (n = 1), and black African
Brazilian (n = 2).

Hemagglutination
Hemagglutination studies were performed in test tubes or gel cards (MTS, Ortho Clinical
Diagnostics, Raritan, NJ) using various media by standard methods appropriate for the
antibodies being used.10,11 Reagent RBCs, polyclonal antibodies, and monoclonal antibodies
(MoAbs) were obtained from multiple sources, including our frozen inventories.

RESULTS
Antigen typing of JAL+ samples

The results of hemagglutination tests with selected antibodies to Rh antigens are shown in
Table 2. For each specificity, unless noted, at least two examples were used. RBCs from all
individuals expressed the D antigen. Due to hemolysis during shipment, RBCs from Samples
10 and 17 (as well as the sample from the husband of I-4, Sample 13) were not available for
testing with anti-JAL or other relevant antibodies to Rh antigens. The JAL+ status of the RBCs
from all samples was determined with the three known anti-JAL (J. Pas., S. Allen, J. McD)
with the exception of Sample 7, whose RBCs were tested with only one example of anti-JAL
(J. Pas.). Table 3 summarizes the results of testing RBCs from the two Caucasian C+c+ JAL
+ probands with anti-C reagents, RBCs from the C+c+ JAL+ black persons and homozygous
JAL+ with anti-c reagents, and E+e+JAL+ and homozygous JAL+ with anti-e reagents.

Table 3 also summarizes the characteristics of the two JAL+ haplotypes based on reactivity
obtained with informative samples and various antibodies (i.e., for tests with anti-C, when c
was on the other haplotype; for tests with anti-c, when C was on the other haplotype, and for
tests with anti-e, when E was on the other haplotype; or RBCs with a double dose of JAL).
RBCs carrying the (C)(e) JAL+ haplotype were, when in trans to a f− haplotype (Ce, cE),
expectedly, f− and did not express V or VS antigens. RBCs carrying the (c)(e) JAL+ phenotype,
if in trans to a f− haplotype, were also f−. RBCs with the (c)(e) JAL+ phenotype (when in trans
to a V− VS− haplotype) express V and VS very weakly, and depending on the reagent used,
the antigens may not be detectable. Similarly, tests on informative (c)(e)JAL+ RBCs showed
that reactivity with anti-hrB or anti-hrS reagents was weak or absent. The hrB and hrS antigen
expression is weaker on the ce form of JAL than on the Ce form. In summary (see Table 3),
RBCs from Caucasian (C)(e)JAL+ people express C, e, hrB, and hrS weakly and lack f, V, and
VS antigens. RBCs from black (c)(e)JAL+ people express c, e, V, VS, hrS, and hrB antigens
weakly and lack f.

Alloantibodies to c and e antigens
Two probands (Samples 5 and 11), who had received transfusions, made alloantibodies.
Sample 5, whose RBCs were predicted to have a D(c)(e)JAL/DCe haplotype, made alloanti-c
and has been described elsewhere.12 Serum from Sample 11 appeared to contain alloanti-e;
this proband was a 34-year-old with lupus erythematosis, never pregnant, but had received
transfusion 3 months previous. Based on reactivity with the following RBCs, her serum
appeared to contain an alloanti-e: c+e+ (weak), C+e+(±), e+ hrB− (weak), c+E+ (negative),
autologous (negative). Her RBCs had the D(c)(e)JAL/DceS haplotype. No plasma or serum
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from Sample 11 was available for testing against informative JAL+ RBC samples, which would
allow confirmation that the e antigen in the (c)(e)JAL haplotype encodes a partial antigen. The
presence of alloanti-c in Sample 5 and alloanti-e in Sample 11 demonstrates that the c and e
antigens on the JAL+ haplotype are altered qualitatively.

Family with two JAL homozygotes
Unusual initial typings of RBCs from an African Brazilian mother (Sample 13) after the birth
of her first child led to a family study of the proband, her child, husband, and three sisters (Fig.
1). The initial typings, performed at the birth of the baby were mother (I-4) D+C–c–E–e+w,
father D+C+c–E–e+, and baby D+C+c–E–e+. Further testing showed that the mother’s RBCs
were agglutinated by some but not all anti-c and anti-e reagents and were JAL+. Results of
selected antigen typing are shown in Table 2, and the serologic results and interpretations of
the presumed Rh haplotypes are summarized in the pedigree (Fig. 1). All three sisters were
JAL+. RBCs from the husband and child were not available for testing with anti-JAL or other
relevant antibodies. RBCs from the proband of this pedigree (I-4) and her sister (I-2) initially
did not react with anti-V, -VS, -hrB, and -hrS, but were later shown to be extremely weakly
reactive with some examples of anti-VS and -hrS. Reactivity obtained in testing RBCs from
one of the probands (Sample 12; see Table 2), who is homozygous for the gene encoding the
(c)(e)JAL+ complex,13 indicates that indeed, this complex expresses V, VS, hrB, and hrS

antigens extremely weakly. The nonreactivity of reagents with these specificities with Sample
13 (Proband I-4) and her sister (I-2) is likely due to the age and condition of the RBCs when
tested. Serum from Sample 13 did not contain any alloantibodies and serum from her
homozygous JAL+ sister (I-2) was not available for testing. This family has been reported in
part in Lomas-Francis and coworkers.14

Antibody to the high-prevalence antigen antithetical to JAL
Serum from Sample 12 had been shown 13 years previously to have alloanti-Rh17 (i.e., it failed
to react only with D – –and Rhnull RBCs) and the RBCs had altered c and e antigens and were
JAL+. Molecular analyses revealed this proband to be homozygous for the gene encoding (c)
(e) JAL.13 Based on this finding, it is apparent that this “anti-Rh17” recognizes the high-
prevalence antigen antithetical to JAL that we have named CEST (and assigned the number
RH57 by the ISBTWorking Party for Terminology of Red Cell Surface Markers at the 2008
meeting in Macao). Thus, the antibody made by people homozygous for the allele encoding
JAL is actually anti-CEST. This patient had been pregnant twice but not transfused with
allogeneic blood.

DISCUSSION
JAL is a low-prevalence antigen in the Rh blood group system that was reported in 1990.7,8
Serologic testing showed that JAL is associated with two Rh complexes: one, in Caucasian
persons, with (C)(e) and the other, in black persons, with (c)(e). The quantitative weakening
of C, c, or e antigens was clearly apparent; indeed Poole and coworkers8 noted that only 45%
of the anti-C reagents used in their 1990 study agglutinated C+c+ JAL+ RBCs. It is likely the
anti-C were from a single donor source and more weakly reactive than current reagents. The
nonreactivity with some anti-C might indicate that the C antigen on C+c+JAL+ RBCs is also
qualitatively altered, but no evidence was presented to verify this possibility. In this study, all
anti-C reagents agglutinated C+JAL+/c+ RBCs albeit to different strengths even with the same
MoAb clone (MS24). Anti-c reagents gave variable reactions with c+JAL+/C+ RBCs: Ortho
(MS42) reacts more strongly than Immucor (MS33) and the Gamma (951) reagent did not
react. Anti-e also gave variable reactions even with the same MoAb clone (MS16). The
variation in reaction strength obtained with the same MoAb clone (anti-C, MS24, and anti-e,
MS16) is likely due to different formulations. Our findings are in agreement with the 1990

Lomas-Francis et al. Page 4

Transfusion. Author manuscript; available in PMC 2009 October 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



reports and clearly show a quantitative difference in the c and e antigens in cis to the JAL
antigen.

We also show that the f antigen is not expressed on the (c)(e)JAL+ complex. In addition, we
show that this complex expresses V and VS antigens extremely weakly and that both JAL+
complexes have a weak expression of hrS and hrB antigens. Indeed, some anti-f, -V, -VS, -
hrS, and -hrB reagents did not react on informative RBC samples (in trans to R2 or double-dose
JAL), which raises the possibility that these antigens may be qualitatively as well as
quantitatively altered. However, as none of the patients have made anti-f, -V, -VS, -hrS, or -
hrB the possibility that they are partial antigens remains to be determined. The variability of
reaction strength with anti-C, -c, -e, -V, -VS, -hrB, or -hrS on JAL+ RBCs is somewhat
dependent on the different antibodies, formulation, technique used, condition of RBCs, and
which haplotype is in cis and/or in trans.

The e antigen on the (C)(e) complex was consistently stronger than on the (c)(e) complex. This,
and the weaker expression of both hrB and hrS antigens on RBCs with the (c)(e) complex than
with the (C)(e) complex, are presumably caused by the presence of 245 Val on the (c)(e)
complex, which is described in detail in Westhoff and coworkers.13

The detection, in two patients who received transfusions, of alloanti-c in a (c)(e)JAL+/Ce
person, and alloanti-e in a ceS/(c)(e)JAL+ person (based on the genotype13) indicates that the
c and e antigens are qualitatively (and thus, respectively, are partial c and e) as well as
quantitatively altered. The finding of a homozygous JAL+ proband with an alloantibody (anti-
CEST) to the high-prevalence antigen (CEST) that is antithetical to JAL, in the absence of
transfusion, shows the high immunogenic potential of this antigen.
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Fig. 1.
Family pedigree for Sample 13. The arrow indicates the proband. The JAL status of II-1 is
predicted from DNA test results.13
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TABLE 1
Summary of JAL+ samples and referral reason

Sample Year Referral reason

1 EH 1983 Donor with low-prevalence antigen.

2 1992 Donor with low-prevalence antigen.

3 J. Allen 1977 Husband of S. Allen; HDN index case.

4 SA6 1985 Donor with discrepant c typing.

5 2004 Patient with c+ RBCs and alloanti-c in the serum.

6 2006 Donor with discrepant c typing.

7 2007 Donor with discrepant c typing.

8 1998 Mother with discrepant e typing and disputed paternity case.

9 1998 Son of Sample 8.

10 2007 Donor with weak e, apparent hrB−.

11 2007 Patient with e+ RBCs and alloanti-e in the serum.

12 1995 Patient with apparent Dc– RBCs with alloanti-Rh17. Later shown to have weakened e antigen expression.

13 2003 Pregnancy (l-4); patient with apparent C−, c−, E+, e− RBCs. Later shown to have weakened c and e antigen expression.

14 2003 l-1, sister of l-4 (Sample 13).

15 2003 l-2, sister of l-4 (Sample 13).

16 2003 l-5, sister of l-4 (Sample 13).

17 2003 ll-1, child of l-4 (Sample 13).
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TABLE 3
Characteristics of JAL+ RBCs

(C)(e) JAL+ (c)(e) JAL+

Characteristics Caucasian Black persons of African descent

C +W/0 0

c 0 +/+W/0

E 0 0

e +/+W/0 +/+W/0

f 0 0

V 0 +W/0

VS 0 +W/0

hrB +W +W/0

hrS +W +W/0

Gene13,15 RHCE*CeMA RHCE*ceS(340)

Alloantibody None described Anti-c; anti-e; anti-CEST; anti-Ce15

Reactivity with anti-C reagents

 MS24 (Gamma-Clone, Immuncor Series 1, Ortho,
SNF) MS273(SNF), polyclonal (Immucor) (DCe/ce
control 3+ to 4+)

+ to 2+ 0

Reactivity with anti-c reagents

 S42 (Ortho), BS240 (SNF) (DCe/ce control 4+) 0 3+

 MS33 (Immucor), RaE11 (SNF), polyclonal
(Gamma, Immucor) (DCe/ce control 4+)

0 1+ to 2+

 951 (Gamma-Clone) (DCe/ce control 4+) 0 0

Reactivity with anti-e reagents

 MS62 (SNF), MS63 (SNF), Gamma-Clone (MS16,
MS21 and MS63) (DcE/ce control 4+)

4+ 2+ to 3+

 MS21 (SNF), MS69 (SNF), HIRO38 (SNF),
HIRO41 (SNF), HIRO43 (SNF) (DcE/ce control 2+ to
3+)

1+ 0

 MS16 (Ortho Bioclone) (DcE/ce control 4+) 1+ 0

 MS16 (Immucor Series 1) (DcE/ce control 2+) 0 0

 Polyclonal (Immucor) (DcE/ce control 4+) 2+ 0 to 1+W

SNF = supernatant culture fluid containing single-clone MoAb.
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