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Multiple Myeloma

CD221 (IGF–1R) is aberrantly expressed in
multiple myeloma, in relation to disease severity 

We investigated the expression of insulin-like
growth factor-1 receptor (CD221) in normal, reac-
tive and malignant plasma cells. We show that
CD221 is aberrantly expressed on human myeloma
cells, that higher levels of CD221 are observed in
patients and human myeloma cell lines with the
most aggressive 14q32 translocations, and that
CD221 expression has a negative prognostic impact
in patients with multiple myeloma.
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Recent studies have shown that insulin-like growth fac-
tor-1 (IGF-1) is an important survival and growth factor in
multiple myeloma (MM).1-3 The studies of IGF-1 and inter-
actions with its receptor IGF-1R or CD221 have mainly
involved mouse models of plasmacytomas and/or human
myeloma cell lines (HMCL)4-6 but not MM patients, or nor-
mal plasma cells (PC). In this study we evaluated the
expression of CD221 on normal, reactive and malignant
PC, its correlations with presenting features of MM
patients and its influence on the severity of the disease.

CD221 expression was evaluated on tumor cells from 56
consecutive patients with newly diagnosed MM, 10 extra-
medullary sites and 19 HMCL. Thirty-seven of these 56
MM patients (median age 60 years) treated in our center
according to ongoing IFM protocols7 (IFM99-02, 18
patients; IFM99-04, 9 patients; IFM 99-06, 10 patients) are
included in the survival analysis. The 10 samples from
extra-medullary sites were of malignant pleural effusions
and peripheral blood from patients with plasma cell
leukemias. The HMCL were either commercially available
(L363, U266, OPM2, LP1, NCI H929, RPMI 8226), estab-
lished by ourselves (XG1, XG2, XG6, Nan1, Nan2, Nan3,
SBN, MDN, BCN) or generous gifts (KMS11, 12, 19, JIM3).
Cells from tonsils, normal bone marrows, and reactive
plasmacytoses were prepared as previously described.8

The phenotype of normal, reactive and malignant PC
was analyzed in a four-color assay with anti-CD38, anti-
CD45, and anti-CD138 monoclonal antibodies (mAb) as
previously described by ourselves.8-9 The CD of interest,
CD221, was evaluated using the 1H7 mAb conjugated to
phycoerythin (BD Biosciences) as previously described for
CD20.9 Positivity of CD221 expression was defined as a

mean fluorescence intensity ratio MFIR ≥1.2. Fluorescent
in situ hybridization (FISH) analysis of 13q and 14q32
abnormalities was performed on highly purified human
myeloma cells as we previously described.10 Non-paramet-
ric tests were used for statistical analysis. Usual presenting
characteristics including cytogenetics and CD221 expres-
sion were included in the survival analysis. Survival curves
were plotted according to the Kaplan-Meier method, and
were compared using the log-rank test. CD221 was never
detected on either tonsil or reactive PC, but was detected
in 6 of 13 PC samples (46%) of normal bone marrow, at
low levels (MFIR < 2) (p=0.05). Forty-one of the 56 patients
(73%) expressed CD221. Levels of expression in MM were
significantly higher than those of normal bone marrow
(p< 0.05). Of note, CD221 was detected in 9 of 10 extra-
medullary sites, and in 17 of 19 HMCL. A strong correla-
tion was found with 14q32 abnormalities and CD221
expression. HMCL with either t(4,14) or t(14,16) expressed
CD221 at higher levels than did the remaining HMCL,
including HMCL with t(11,14), those with non-recurrent
14q32 abnormalities and those lacking any 14q32 translo-
cation (p=0.0049). Information on both –13q and 14q32
genotype and CD221 phenotype was available for the 56
patients. A non-significant link was found between CD221
expression and 13q deletion. On the other hand, a signifi-
cant, strong correlation was found with 14q32 abnormali-
ties. As in HMCL, CD221 was detected at higher levels in
patients with either a t(4,14) or t(14,16) (p=0.0017).
CD221 was expressed in 27 out of the 37 (73%) patients
available for survival analysis. CD221 expression was asso-
ciated with a shorter survival (median 35 months vs not
reached, p<0.05, Figure 1). The other single factor associat-
ed with a shorter survival was t (4,14) (survival rate 53.6%
vs 81.4% at 2 years, p<0.05). This is the first study com-
paring the expression of CD221/IGF-1R on normal, reac-
tive and malignant PC. We did not detect any CD221 on 5
reactive plasmacytoses. Although the number of cases is
small, our data clearly suggest that these expansions of
highly proliferating but short-lived PC progenitors and pre-
cursors7 do not use IGF-1 to survive and to grow. On the
other hand, CD221 was detected (but at low levels) in
46% of normal bone marrow, but not in tonsil PC suggest-
ing that CD221 could be specifically upregulated during
the homing of PC in this special bone marrow microenvi-
ronment. In MM, we found that three-quarters of the
patients expressed CD221 in agreement with a recent eval-
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Figure 1. Overall survival according to CD221 phenotype. CD221
negative patients, n=10; CD221 positive patients, n=27; median
survival: 35 months vs not reached, p<0.05).
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uation of 35 patients.11 Results obtained from extra-me-
dullary sites and HMCL, of which more than 85% of cases
express CD221, always at high levels, suggest that CD221
expression could be upregulated during disease progression
and associated with a more aggressive disease, and facili-
tates cell growth in vitro, in agreement with the biology of
IGF-1 in mouse models.4-5

We found that CD221 expression was not random but
correlated with t(4,14) and t(14,16) translocations, translo-
cations generally associated with poorer prognosis in
patients.10 It also seemed that CD221 expression was relat-
ed to disease severity, although given the small number of
patients and their non-uniform treatment management,
survival data should be interpreted cautiously. To con-
clude, the CD221 phenotype should be systematically
evaluated in myeloma patients, and this receptor could be
an ideal therapeutic target in patients, as recently shown.11
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Disorders of Hemostasis

The spectrum of mutations in Southern Spanish
patients with hemophilia A and identification of
28 novel mutations

The aim of this study was to analyze the muta-
tion pattern causing hemophilia A in a population
from Southern Spain. Mutation analysis identified
the mutation in 99 of the 109 unrelated patients
enrolled in the Hemophilia Registry from Anda-
lusia. About 54% of non-inversion mutations iden-
tified were previously unreported.
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Hemophilia A (HA) is an X-linked bleeding disorder
caused by a wide spectrum of mutations in the coagula-
tion factor VIII (F8) gene (MIM # 306700). In the severe
phenotype, the most prevalent mutations are the intron
22 (IVS22) and intron 1 (IVS1) inversion accounting for
40-50% and 5% of the mutations, respectively.1,2 Apart
from these inversions, no mutation hotspots have been
identified. Approximately 30% of all distinct point muta-
tions in HA occur at CpG sites.3

The aim of this study was to analyze the mutation pat-
tern causing HA in a population from Southern Spain.
The study included a consecutive series of 109 unrelated
males with HA (55 severe, 8 moderate and 46 mild phe-
notypes) enrolled in the Hemophilia Registry from
Andalusia (Southern Spain). Forty were sporadic cases
with no previous family history and 69 had a positive
family history. Genealogical investigations conducted for
each patient’s family did not disclose any common ances-
tor in three generations.

Among the 55 patients with severe HA, of which 27
were sporadic cases (49%) and 28 had a positive family
history (51%), the prevalence of IVS224 and IVS12) inver-
sion was 36% (20 patients) and 5% (3 patients), respec-
tively. The IVS22 frequency was relatively low in com-
parison with the prevalence reported in other studies in
the Spanish population.1 Nevertheless, the number of
patients in the group is too small to determine whether
the frequency is statistically lower. When the correlation
between familial or sporadic inheritance of the disease
was analyzed, no significant differences were observed
(11 and 9, respectively).

In patients with inversion-negative, severe or moder-
ate-mild HA, we sequenced the F8 gene (exons and
intron/exon splice junctions) following standard proto-
cols using previously described primers.5 Among 32
patients with severe HA, the mutation was identified in
26 and 23 different mutations were found, 15 (65%) of
which had not been previously reported;6,7 none of these
mutations affected the CpG sites. The novel mutations
comprised 5 frameshift mutations, 4 nonsense mutations,
5 missense mutations and 1 mutation affecting the splic-
ing sites (Table 1). Among 54 patients with moderate-
mild HA, 12 sporadic cases (22%) and 42 with positive
family history (78%), the mutation was identified in 50
patients and 29 different mutations were found (Table 2),
all of them missense mutations. Thirteen (45%) of the 29
mutations identified were novel6,7 and only one affected
the CpG site. All the detected mutations were confirmed
through two independent polymerase chain reaction
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