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CLINICAL OBSERVATIONS I

Unreliability of current assays to
detect cobalamin deficiency:
“nothing gold can stay”

Ralph Green UNIVERSITY OF CALIFORNIA, DAVIS

Measurement of vitamin B;,, homocysteine, and methylmalonic acid may not be
the ultimate “gold standard” for diagnosis of cobalamin deficiency.

easurement of the serum vitamin B,

level has been widely used as the stan-
dard screening test for cobalamin deficiency. It
has, however, long been recognized that be-
cause of sensitivity and specificity problems,
the test has poor positive and negative clinical
predictive value.? In essence, a low serum
vitamin By, level does not always connote co-
balamin deficiency, nor does a “normal” se-
rum vitamin By, level reliably indicate nor-
malcy. Cobalamin is a necessary cofactor for 2
metabolic reactions. In cobalamin deficiency,
resulting bottlenecks cause 2 substrates in
those reactions, methylmalonic acid and ho-
mocysteine, to accumulate. When clinical di-
agnostic assays to measure these compounds in

the serum became available,’ they replaced
serum By; as the “gold standard” for diagnos-
ing cobalamin deficiency. However, some con-
cerns about the use of these assays and the in-
terpretation of their results soon began to
emerge* and some of the gloss began to fade.
In this issue, Solomon reports the results of
aretrospective review of the records of a large
group of patients in an ambulatory setting ata
staff model HMO over a 10-year period.
These patients were evaluated for possible
cobalamin deficiency using the standard labo-
ratory tests of serum B, methylmalonic acid,
and homocysteine. The startling and disturb-
ing findings in this study are that all assays
showed considerable variability before any
treatment was initiated
and that the results of

these assays taken sin-
cﬁ.k;,:'.‘;;r“dm' gly or in combination
often did not reliably
l 1 predict or preclude a
Chi<200 Chi=201-300) ChI=300 response to specific
mﬁi’, I(!:;:E: m treatment with vitamin
| | Bjy;,. Taken at face value
and given the general
MMA=250 MMA““‘"I MMA>250 MMA<250 MM*"’-ﬂ reliance placed on the
IN=24} N=3} IN=10} {N=6} IN=14)
clinical reliability of
these tests for identifi-
cation of cobalamin
E(g,'_f;“ N::([",’:“ “%,‘;;}u' Hfﬁfll‘l" deficiency, these find-
e} ings are extremely

Pattern of Cbl, MMA, and HCys values in patients with clinical responses to
Cbl therapy. See the complete figure in the article beginning on page 978.
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troubling. Overdiagno-
sis of cobalamin defi-

ciency is one thing,

carrying with it the negative consequences of
possible unnecessary, but essentially innocu-
ous, treatment as well as burdensome cost;
missed diagnosis is, quite clearly, a matter of
greater gravity, particularly since the risk of
formidable devastation from neurologic dam-
age that results from uncorrected cobalamin
deficiency is preventable. In 37 of the patients
reported by Solomon who responded to phar-
macologic doses of vitamin By, pretreatment
values of serum By, and homocysteine were
normal in approximately 1 of every 2 and
methylmalonate in 1 of every 4 patients (Fig-
ure 1).

Solomon’s provocative findings convey
an apt and timely caution and may shake up
present complacencies. Many have come to
accept at face value the glib messages and
mantras conveyed by assay kit manufactur-
ers and the enshrined dogmas that permeate
the literature that the laboratory identifica-
tion of clinically significant cobalamin defi-
ciency is a “cake walk.” Indeed, it may be
time to carefully reassess a field that is per-
haps in a state of confusion and disarray not
dissimilar to what existed when radioassays
were introduced to replace microbiologic
assays for measuring By,. The situation may
now be aggravated since the introduction of
folic acid fortification of the diet in North
America and elsewhere is giving rise to the
potential risk of undetected cobalamin defi-
ciency, through “masking” by folate. More-
over, with the virtual disappearance of folate
deficiency, cobalamin deficiency has become
the most common modifiable cause of hy-
perhomocysteinemia, with its potential at-
tendant risks of atherothrombosis.

At this stage, it would be prudent to con-
clude that the currently available assays for
identifying or excluding cobalamin defi-
ciency, though potentially useful, should be
used with full awareness of their possible
limitations, at least until unresolved issues
have been settled. Serious questions have
been raised about the clinical dependability
of the trio of tests variously considered as
gold standards for suspicion or confirmation
of cobalamin deficiency with a possible de-
valuation in the currency of all. Nothing
gold can stay.’ m
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Down-regulation of ADAMTS13 activity by

serine proteases

Yoshihiro Fujimura NARA MEDICAL UNIVERSITY

Left unchecked, ADAMTS13 activity may inhibit platelet adhesion at sites of vas-
cular injury under high shear stress. Crawley and colleagues present evidence that
the proteolytic cleavage of ADAMTS13 by coagulation proteinases inhibits its

ability to cleave von Willebrand factor.

latelet adhesion to sites of vascular injury
P under high shear stress occurs as a 2-step
process. Initial platelet rolling is mediated by
transient interactions between the platelet
membrane glycoprotein Ib-IX-V complex and
surface-immobilized von Willebrand factor
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Proteolysis of ADAMTS13 by thrombin abolishes
ADAMTS13 enzymatic activity toward purified human
VWF. See the complete figure in the article begin-
ning on page 1085.
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(VWF), and subsequent firm adhesion occurs
following the stable binding of platelet inte-
grin alIbB3 or collagen receptors to surface-
immobilized VWF or collagens in the vascular
subendothelium.! In vitro, the interplay of
VWF and fibrinogen during thrombus growth
on a collagen surface under physiologic high
shear stress has been extensively studied using
a perfusion chamber and confocal laser mi-
croscopy. From these studies, it is now known
that during the initial stages of thrombogen-
esis, platelet thrombi are entirely composed of
plasma VWF | and platelet-derived fibrinogen
accumulates predominantly inside the grow-
ing thrombi and acts as a core adhesive ligand.
However, the thrombus surfaces exposed to
flow are constantly occupied with VWF.2 The
ability of VWF to bind forming thrombi is
dependent on its multimeric size, ranging
from 500 to 15 000 kDa. The multimeric state
of VWF is regulated by the number of N-ter-
minal intersubunit disulfide bonds formed in
the Golgi complex as well as by proteolytic
cleavage by ADAMTSI13 (a disintegrin-like
and metalloproteinase with thrombospondin
type 1 motifs 13) in the circulation.’
ADAMTSI13 isa Zn?*-binding metallo-
proteinase produced in the liver, and its 1427
amino acids form a multidomain structure.
Recent studies have revealed that the catalytic
or substrate recognition site resides on the
metalloproteinase or cysteine-rich/spacer
domain. Thus, the structure/function rela-
tionship of ADAMTS13 is becoming clear but
the regulation of ADAMTS13 activity is en-
tirely unknown. Possible clues to this regula-

tion have been provided by 2 recent reports
that showed that interleukin-6 abolishes
ADAMTSI13 activity solely under flow condi-
tions* and that a relatively high concentration
of hemoglobin inhibits enzyme activity in a
static assay system.’ The physiologic role of
these proteins in normal hemostasis remains
undetermined.

In this issue of Blood, Crawley and col-
leagues suggest a role for proteolytic cleavage
in the inactivation of ADAMTSI13. The 3
serine proteases (thrombin, Xa, and plasmin)
used are ubiquitously involved in normal he-
mostasis. Using purified recombinant
ADAMTSI13 fused with a myc epitope and
polyhistidine tag at the C-terminus, the au-
thors used 2 monoclonal antibodies to the
ADAMTS13 metalloproteinase domain as
well as an anti-myc antibody to follow the pro-
teolytic degradation of ADAMTS13 by Western
blot. The ADAMT'S13 fragments generated by
these serine proteases were similar in size but not
identical. Interestingly, ADAMTS13 activity
decreased uniformly with increased proteoly-
sis. Perhaps most interesting, thrombin-medi-
ated proteolysis of ADAMTS13 was entirely
inhibited following preincubation with soluble
thrombomodulin (TM) but not heparin, im-
plicating thrombin exosite I as a possible site of
interaction with ADAMTS13. These data
lead to amodel in which TM, expressed on nor-
mal endothelium, inhibits the thrombin-medi-
ated proteolysis of ADAMTS13. On denuded
endothelium, however, the absence of TM
would allow thrombin to inactivate
ADAMTSI3, facilitating the initial platelet
adhesion process. Finally, because 3-dimen-
sional models of mural thrombus formation
suggest that the outer platelet surface is VWF
rich,z increased ADAMTS13 activity at sites
distant from thrombin generation may ulti-
mately control thrombus size. ®

REFERENCES

1. Savage B, Saldivar E, Ruggeri ZM. Initiation of platelet
adhesion by attachment onto fibrinogen or translocation on
von Willebrand factor. Cell. 1996;84:289-297.

2. Matsui H, Sugimoto M, Mizuno T, et al. Distinct con-

certed functions of von Willebrand factor and fibrinogen in
mural thrombus growth under high shear flow. Blood.

2002;100:3604-3610.

3. Zheng X, Chung D, Takayama TH, et al. Structure of
von Willebrand factor cleaving protease (ADAMTS13), a
metalloprotease involved in thrombotic thrombocytopenic
purpura. ] Biol Chem. 2001;276:41059-41063.

4. Bernard A, Ball C, Nolasco L, etal. Effects of inflamma-
tory cytokines on the release and cleavage of the endothelial
cell-derived ultralarge von Willebrand factor multimers

under flow. Blood. 2004;104:100-106.

911





