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THE RARE KELL BLOOD GROUP PHENOTYPE K°
IN A JAPANESE FAMILY

BAAIREICE TS Kell X MR
DELFRH K®

HOWARD B. HAMILTON, M.D.; YOSHIKO NAKAHARA, M.T. ( dhlsifET )

Department of Clinical Laboratories

Iigh A o 25 45D

SUMMARY: The rare Kell blood group phenotype K2 was detected in a Japanese male when it was
observed that his red blood cells failed to agglutinate in either anti-K (Kell) or anti-k (Cellano). Further
testing showed that his cells, and those of a brother, in addition, did not react with Kpa(Penny), Kph
(Rautenberg), Ku (Peltz), Jsa(Sutter) or Jsb(Matthews) antisera, but did react with KL (Claasen, a rare
Dutch phenotype) in the Kell system. The sera of the propositus and his brother contained no antibodies
to any of the Kell antigens, although they both had received transfusions of compatible whole blood pre-
sumed to be the most common Kell phenotype (K—k-). Although the children of the K¢ individuals were
assumed to be heterozygous for the K° gene and the normal Kell gene, no gene-dose effect was demon-

strable. The observed frequency of the K° phenotype was 0.000069, which is similar to that for Caucasoid
populations.

B HEAB 1AW TORET, #i—K( Kell ) & 7213 Hi—k( Cellano ) 124 L T &I ER O & & %
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W1 A mEkE, Kp®( Penny ), Kph( Rautenberg ), Ku{ Peltz ), Js"( Sutter ) & L1 Jsb( Matthews )
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BACKGROUND

The rare phenotype K° in the Kell blood group system,
first described in 1957 in a Polish family,' was subsequently
found in 12 qther nonrelated kindreds (first 11 families
summarized in Race and Sanger, 1968%; twelfth family
described by Simmons and Young, 1968%). This paper
reports the first known example of K°in a Japanese kindred.
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During routine blood typing of a patient* known to have
chronic granulocytic leukemia, using the antiglobulin
technic, no reaction of his red blood cells with commercial
anti-K {Kell) or anti-k (Cellano) serum ( Dade Reagents, Inc.,
Miami, Florida) occurred. This prompted a request for
more detailed testing with other Kell antisera not available

in this laboratory. At the same time, a search for other

family members with the same phenotype was undertaken.

RESULTS

Table 1 and Figure 1 show the results of these studies.
Red blood cells of the propositus and one of his brothers
failed to agglutinate in any of the Kell system antisera
{(Kell, Cellano, Penny, Rautenberg, Sutter and Matthews,
or anti-K, k, Kpa Kpb Js2 and Jsb) or with the ‘universal’
anti-Ku,* but did react strongly with Claasen serum
(kv Kpby Jsbyw)** a rare phenotype in the Kell system.? All
other family members tested were of the most common
Kell phenotype (k Kpb Jsb).

The propositus at the time of these studies, had received
no blood transfusions, and anti-Ku was not demonstrabhe
Later he underwent a blastic crisis
necessitating administration of several units of whole

in his serum.

blood, but there was no evidence of transfusion reactions.
Undoubtedly that blood he received was of the most
common Kell phenotype and might have been expected to
The K9 brother of the pro-
positus also had no anti-Ku in his serum, though 5 years

evoke an immune response.

earlier he had received two 400 ml units of compatible
whole blood, presumably of the common Kell phenotype,
following lobectomy for pulmonary tuberculosis. No signs
or symptoms suggesting a transfusion reaction were

observed at that time.

Attempts to demonstrate quantitative differencesin antigen
strength of the red cells from children of the K® homozygotes
compared to normal controls were unsuccessful, an
observation in accordance with reports by others for
presumed heterozygous children of K° individuals.®"’

COMMENT

The K° phenotype reported here is apparently identical
with the 12 instances in Caucasoids reported by others.
The red blood cells of the propositus and his brother fail
to react with any of the Kell system antisera including

BHEESHEARFED LN 2wl 7Y vikio &
SMWERVE A & AT - 28R, ZORMERZHB O —
K( Kell ) & 7/ (2 55— k( Cellano ) L {F { Florida #| Miami
ifi Dade Reagents #H&L) I8l THIGRME A o7, =
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AWTE6IMELMELRITEIRBEFSH DL £ /.
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Penny, Rautenberg, Sutter # & {F Matthews,
H—K, k, Kp*, Kp®, Js* # kU Js"
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* Neither the patient nor any of his relatives were exposed to radiation from the A-bomb in Hiroshima.
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** After the notation of Race and Sanger, 1968.° 19684 ® Race & £ O Sanger ® HRiEIZfE - 7. !



TABLE 1 SEROLOGICAL DATA FOR K* KINDRED

F 1 K" gk B o i il 5 0 & #

Pedigree E SR —
Puosition ABO Le Se MNS Eh Jk Di K k Kp Ku Js KL*
FEEOMR a b a a a b a b

11-1 A, MNs R, R, = +

11-2 0 - - Ms R, R, + F - - - - - - - +

1113 0 + — = MNs R; R, + - = + = i + — +

TI1-4 A, + = MNSs R, r + + - - - - - - - |

1115 - + MNs R, R 1 - - + = + - +

1.6 Ay + - - MSs Ry r + = = + = + + - +

I11-8 4] = Ms R, r — 4

1119 B LW et + Ms R, R, = + - 4 - 4- + - &

V-1 A, 4 =5 Ms R, R, + + = + = + 1 o +

Iv-2 0] - - Ms R, Ry + + - + - + + = +

Iv-3 0] + = MNs R, R, + — = + = + + = +

V-4 A B Ns Ry R; +

V-5 (8] — + MSs R, R, + — — + + - +

V-6 0 i = MSs Ry r + = = + = + + = | o

v A + - - MNSs Ry Ry + - - - - : - +

IV-8 B g y Ms RIBE o o = st o g e

V-9 B Ms R, Ra = 4

IV-10 B Ms Ry Ra .~ — -

IV-11 B - + + Ms Ry r + - - + - + t - ¢

All those tested with all the Kell antisera were also Py +
was not done.

TNTO Kell M Iz ks THEsNAFIE, wTht Pyt
s AT,

*KL =Claasen (Notation suggested by Race & Sanger, 1968).°

] F_v(a+h—}, Mg—-, C*"— V

Fy({a+b—

R

Blanks in the table indicate that the test

b, Mg—, €=, VV—, Wr'—vaor. Rbo%ME,

Presumably red cells from all members of the kindred would agglutinate in KL,

since all Kell phenotypes, except that of MeCleod which is identical with Claasen, do so.’ i

KL = Claasen ( 19684 (- Race & £ 7F Sanger #% L 2~ #7502 Claasen *R%ET4 35
IOFEHREBORMEIL KL

HLTEBELRTZEAEOLEATVRADT, '8

the universal anti-Ku. Their red cells are agglutinated by
associated with the Kell
Ten K° kindreds were ascertained by identifyving
anti-Ku in the sera of the propositi (summary in Race and
Sanger, 1968% Simmons and Young, 1968%), while the
other three, including ours, were found through failure of
the propositus’ red blood cells to react with Peltz (anti-Ku)
serum,’ a\nti-Kpb,‘3 or anti-k (present report).

the r'ar(' Claasen antibody
system.”

The frequency of consanguinity between parents of K°
propositi is high (4 or possibly 5 out of 12 spouse pairs®®.
It has not been possible to demonstrate that the parents
(II-1, 2) of the K° brothers reported here are related to
each other. However, both parental lines can be traced
back at least three generations on a cluster of small
islands of the Seto Inland Sea of Japan. An elder in the

family asserts that they have ‘always lived’ in the region.

Ir

7 McCleod L1 Sko + ~T @ Kell # 8 Rz, KL =
CHLTEEEZTRTLOLERENS,

BT, EOKelliMiFIZH L T RIGERS T 2o /2.
L L, Kell ZF&ICEE O H A EN % Claasen $T{EIZ 4
LTIt MERDEENSH - 7=, AEFTIZERE N

K ® 3 5010FHIE, BHEOMF T2 H—Ku ®
iz E - TRHEZ s (19684 @ Race # L (F Sanger |
BT 284 ; Simmons & &£ U Young 19F811‘ B =

FH, bhbho lgks+E0HRO0 3 £HEIL, BEAO
Ap IR A Peltz (Hi— Ku )M, Y 10— Kp il b

Pi— k(ARE) o8 LT RIE
Ranl.

AREF VI EDLDIZER

K° Bl EO@EBAEHABBETH2HE RS0 (12} o
4#lHBVIE 52 ). TZICWMELAE K LB oms
(I—1, 2)OEBEBIXFHTELEL-2. LEL,
MMOFERL, YA ELBEIMNITOhA S THA NG
IBEUIA—BOPELBUFEATOWAZE N b o k.
:mfﬁmﬁ%u,hmim_fuﬁ‘{qkﬁhﬁu



FIGURE 1

B P BET S

PEDIGREE OF KINDRED IN WHICH THE K°GENE IS SEGREGATING
BEL Tw 5

E3 308+

1 2\ 3 4 5 ] 8 g
v é_@ O?)
1 2 3 4 5 6 7 8 ? 10 1
= Propositus Deceased ; :
D Male % O Female \ prge T Not examined
Phenotype* A Phenotype Presumed Genotype** iff i ift (£ - #1
@ amorph Ke Ki =1,-2,-3,-4 -5, -6, -7 Ko/K°
EHEEREMERRE T :
] kbbb B ke =1.2,03,4.5 26,7 kbyko
[] kxebusb kb« -1.2,-3.4.5 6.7 kbkb

* Phenotype nolation from left to right according to Race and Sanger 1968,° Allen et al 1958,"" and Allen &

Roscnfield 1961,
RERI O EAR L,
Allen # L1 1F Rosenfield ™ 2§ = /-,

Notation of Allen et al 1958."

3

*

*

f A 5 1968 ) Race & £ OF Sanger, ?

195847 Allen & ™ 4 5 FIZ 1961 D

The presumed genotypes of the two brothers and one sister of the propositus

(I11-3,6,8) could be either as given above (normal homozygotes) or .Lb/Ka on the assumption that both parenis

were heterozygous for the ﬂorma! and amorphic gene.
1958 @ Allen & (0 Fatik i
HOLIlzEbEah s »
B fkf‘};,abrt’d"lt

ik,

éEsngé“*J&tzf'&ﬁiﬁfIH
HaHunit,
/K &} WTE5.

3, 65 8 Yoo R IE RN, Lk
WlE T T RRET - ’)Eﬁ!

i AT IE

The question of consanguinity of the parents of the propositus is unsolved, see fext.

REEOWMOEESEOE B R0, g

These islands constitute a geographic and social isolate
where the frequency of consanguineous marriages is
high. It thus seems entirely possible that the parents
may have an ancester in common, though this cannot be
indisputably proved.

The inheritance of this phenotype seems to be that of a
true recessive, since the effect of the gene is not apparent
in the K® individual's children, presumed to be heterozygous
for a gene, for which the affected parent is homozygous.

A possible explanation for the failure to find a gene-dose
d
cells are agglutinated by the Claasen serum (dubbed KL
by Race and Sanger, 1968%), has recently been suggested

effect in heterozygotes and for the fact that the K° re

ElEwosTwa, ZhomBasll, MBI EH S0
CEMILTHY, EHABBOHERE IS, LT,
MR EOEEE i > T WA Z EIEHEIC X VT &
oA, ZOAHEMSEETRNICSE S

ZoEE#ESE K HFEE»> SO L, K° @\{EFoR
FfEGHRTH S MG 2'1»5# 7 OM{EFOBELR
EhVOT, ZOERMoBEEATEEOBERET
HaHEREONS.,
WEREESKRIEEZTFORMDEIBEDO SNV

b K 0t Bk A7 Claasen [ i% ( 1968 4F (2 Race & L OF
Sanger [FZH % KL 2@ &2 )IoxfL THELSR TR



by those authors and others.” A system of precursor

substance and a chain of genes similar to that in the ABO
system is envisaged. First, a precursor substance is
converted to a pre-Kell substance ("KL substance’ in Race
and Sanger, 1968°) by a gene independent of the Kell
locus. The Kell gene then converts the pre-Kell substance
into the appropriate Kell antigen, depending on the
The Claasen

propositus is considered to be homozygous for a gene that

particular gene present (KP, kb, k2 ete.).

fails to convert (or only partially converts) the precursor
substance to pre-Kell substance, whereas the K°individual
is homozygous for a gene (perhaps an amorph) at the Kell
locus which fails to convert pre-Kell substance to Kell
antigen. A further consequence of this chain is that
individuals of the Claasen type can develop an antibody to
pre-Kell substance, which explains why the K° red cells
agglutinate in KL. serum since K° cells have unconverted
pre-Kell substance attached to them.
the other hand, can develop antibodies (most conspicuously
anti-Ku) to Kell antigens.

K? individuals, on

The absence of a demonstrable gene-dose effect in the
presumed haploid {kth“) carrier offspring of the K° pheno-
types (K°/K"), even though gene-dose effects are discernable
elsewhere in the Kell system (K/k and Kp?/Kp® cells give
lower titration scores respectively than K/K or Kp?/Kp?

cells*'"), might be explicable in terms of recently developed
concepts of molecular genetics. In the presence of a
diploid complement of precursor converting gene, a
haploid complement at the Kell locus may be sufficient to
convert all pre-Kell substance to Kell antigen (see Ohno,
1967" and Dreyfus,

dosage compensation,

1969'* for discussions of gene
and mutations of structural and
regulator genes).

We have tested 14,541 individuals in Hiroshima and
Nagasaki with anti-K and anti-k. The frequency of the
K—k+ phenotype is 0.9997, with a lower limit (95%
certainty) of 0.9994. The frequency of the K°® phenotype
in this relatively small population sample is 0.000069, and
the true proportion (95% confidence limit) is not more
than 0.00018. This is the same order of magnitude
(0.00003 -0.00006) as that for Caucasoid
populations.'*!"'% The frequency of the K +k+ phenotype
in this population is 0.0002 (upper limit 0.0004); so far no
examples of K+k— have been found, so that the upper
limit for the frequency of this phenotype is estimated to
be 0.00009 on the basis of the present data.

estimated

L]

CoWTOHEA, choOMEERLZOMm 12
fFabhtuwsd, ABOSMMEROES L R, AiEEY
TRe—OBEFFAEEsNT WA, £7, Kell#i{E
FHE LA L AR 00 ko C T BB A Kell i B2
[ 2 (19684 @ Race # £ UF Sanger O H I HI1T A

i e

(KL #@Ee |)icERan s, Kkiz, Kell3&B{EFofE
(KY, K", K2 &) b UT, 20 Kell fTEX B 12
il 7 KLII?""'I-}T"?'-"&%#’L{} Claasen 5 & OB &

13, BUERME & Kell fTER I H ~EM T A ER & B2
WIlE - (E 71, ~S50&0TRLEITEET) O
RSk Zzoh5008 LT, K® HREIL, Kell
A EME O Kell IEA~OERIEZTZLOTELRL
MIE T (EREORRERBET» L Lhd ) OFE
BEMKTHS., 512, ZO—HDOEHOHER, C‘laasvn
RFEE L, Kell EEME oxf T 2 Hihd gL T2

T, Zhizky K° FRinEks* KL figicztL r@i& R
T roBRARBEENS, Thbb, K® MERIZIE, R
i Kell i M E FHE LT E320THS. o,
K° K # L, }(eiiﬁ‘ﬁi WY AP R (FFIHi—Ku ) &
BT 22 LHT

FOfho & Kell Aol alizig, #E-ofnsh a8 s
s5htwd (K k &0 Kp' /Kp l[LT.HG’)waé%E il 1%,
FhFNK /KLU Kp® A Kp? MEREDELZ20) D
LT, KO Z#BEBR (K /K )ofErsEEhsTH
i, EEE (K /K ) EEE L BEENL AN, METO
B EABEH N L CEHBE, MEEEL -G FiltEE
DEFEIE>THBETE 2L LA, T4b5, [E
MEEBRO D OMET O MHEEMESH R T, Kell
iz Bk H 2 2 T8 Kell BTEERES & £+ 37
Kell i Iz ZEBREE S0 I BATHEPELNE

(BETEBORMRMELE S FITEEBRET & i:ﬁ.l*h*"fiﬁ
(EF DRI RIZMFT 5 £EI1250TIE, Ohno, 19674,

& LU Dreyfus, 19691, 12 & 2201 .

bivhfls, KB« BB TIH-—KEEU—k
FHwT 14,541 E 122 0 E’ﬂ-fﬁi'f*f%ﬁf.? St FOEER,
K—k+#£BERUOHEEI120.9997THY, £ FIR({FHE
95%) 120.99M T H 7. OB s T REMIZ &
14 K® #BEIOERI20.0000609THD, EHOHE S (95%
SR F )13 0.00018 &8 % % Zhid, BA%MA

L THEEshTwaios i'\_;'.-'_,-’,l"ff: (o 0.00003 —
0.00006t-2. 101 ) o H DK+ k+ B ROMEE T
0 0002( TERO0004) TH5; 4FTNEZATIEK+k—

1P AN T EVDT, HEOERIZETOT
ﬁ%ﬂi LTH2EZDHRMAMOBIED LRI 0.00009 &
b s o i £
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