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THE IMPORTANCE OF HOLOTRANSCOBALAMIN MEASUREMENT
ZNACAJ MERENJA HOLOTRANSKOBALAMINA

Velibor Cabarkapa, Zoran Stogi¢, Radmila Zeravica, Branislava llin&i¢, Ana Filipovi¢

Institute of Laboratory Medicine, Clinical Center, Novi Sad, Serbia

Summary: Clinically significant vitamin B,,, deficiency can
occur even with total vitamin B,, levels apparently within
normal range. There is an indeterminate zone between
approximately 154 and 300 pmol/L of vitamin B,, where
there is likely misclassification of B,, status if relying on to-
tal serum B,,. The aim of the present study was to assess
the usefulness of holotranscobalamin in diagnosis of B, defi-
ciency. Blood samples were collected and subjected to
assays for vitamin B,,, and holotranscobalamin. We exam-
ined the levels of ?holotranscobalamin in 32 subjects
(n=32, =18, m=14) with vitamin qu values within inter-
val 154-300 pmol/L. These subjects were compared with
control group with vitamin B,,>300 pmol/L (n=31, f=17,
m=14). 25% of subjects witﬁ vitamin B,, of 154 to 300
pmol/L had low levels of holotranscobalamin. Holotransco-
balamin levels of patients with vitamin B,, of 154 to 300
pmol/L were significantly lower than those of control sub-
jects (38.55 = 23.0 vs. 61.35 = 31.81 pmol/L, p<0.01).
The obtained results also show a positive significant rela-
tionship between levels of holotranscobalamin and vitamin
B4, (r=0.53, p<0.01). In conclusion, holotranscobalamin
is a better indicator of early vitamin B,, deficiency than
total serum cobalamins and it is a usefuﬁtool in the diag-
nosis of vitamin B, deficiency.
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Introduction

A number of rapid fully-automated B, assays
are now used widely (1). The assay of total serum B12
remains the first-line investigation in the assessment
of B,|2 status (2), but many patients with low cobala-
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Kratak sadrzaj: Klinicki znacajan deficit vitamina B,,
moze da se pojavi i pri normalnim vrednostima vitamina
B,,- Postoji jedna nedefinisana zona gde su vrednosti vita-
mina B,, 154-300 pmol/L, i gde je moguée pogre$no pro-
ceniti status vitamina B,, oslanjajuci se samo na vrednosti
ukupnog serumskog B,, vitamina. Cilj ove studije je da se
utvrdi znacaj odredivanja holotranskobalamina u dijagnos-
tici deficita vitamina B, ,. U uzorcima krvi analizirani su vita-
min B,, i holotranskobalamin. Utvrden je nivo holotrans-
kobalamina kod 32 ispitanika (n=32, 2=18, m=14) sa
vrednostima vitamina B,, od 154-300 pmol/L. Ovi ispita-
nici su uporedeni sa kontrolnom grupom kod koje je vita-
min B12>3OO pmol/L (n=31, 2=17, m=14). 25% ispi-
tanika sa vitaminom B,, izmedu 154 i 300 pmol/L je imalo
hipoholotranskobalaminemiju. Nivo holotranskobalamina
kod grupe ispitanika sa vrednostima vitamina B,, unutar
intervala 154-300 pmol/L bio je znadajno niZi od nivoa u
kontrolnoj grupi (38,55 + 23,0 vs. 61,35 + 31,81 pmol/L,
p<0,01). Dobijeni rezultati takode pokazuju pozitivhu, sta-
tisticki znacajnu korelaciju izmedu holotranskobalamina i
vitamina B,, (r=0,53, p<0,01). MoZe se zakljuciti da je
holotranskobalamin bolji indikator ranog deficita B, vita-
mina nego ukupni serumski kobalamin i da predstavlja
korisno sredstvo u dijagnostici deficita vitamina B, ,.

Kljuéne reéi: vitamin B,,, holotranskobalamin

min levels are not cobalamin-deficient (i.e. have »fal-
se« low values), while significant clinical impairment
may occur despite normal cobalamin values (i.e. »fal-
se« high values) (3, 4). »False« low values are accom-
panied with folate deficiency, pregnancy, oral contra-
ceptives, multiple myeloma, HIV infection, low hapto-
corrin levels. »False« high/normal values are accom-
panied with high haptocorrin levels, myeloprolifera-
tive disorders, renal disease, increased tissue release
of cobalamin, liver disease, low/absent cobalamin,
low affinity transcobalamin polymorphisms, inherited
disorders of cobalamin metabolism, recent cobala-
min therapy, high dose vitamin C. The measurement
of serum vitamin B, has the following limitations: it



228 Cabarkapa et al.: Importance of holotranscobalamin

measures total, not metabolically active B,,, the le-
vels are not clearly correlated with clinical symptoms,
there is a large »grey zone« or indeterminate range
between normal and abnormal levels, and clinically
significant vitamin B, deficiency can occur with total
vitamin B,, levels apparently in the normal range.

Clinical signs and symptoms of cobalamin defi-
ciency include megaloblastic anemia, paresthesias
and neuropathy, and psychiatric symptoms such as
irritability, dementia, depression, or psychosis. While
hematological abnormalities disappear promptly after
treatment, neurologic disorders may become perma-
nent if left untreated.

Tests for cobalamin deficiency include measure-
ments of (a) total cobalamin; (b) methyl malonil acid
and homocysteine, as indices of functional deficien-
cy; and (c) holotranscobalamin as a measure of the
metabolically active fraction of circulating cobalamin.

Vitamin B,|2 (cobalamin) in serum is bound to
two proteins, transcobalamin and haptocorrin. The
transcobalamin-cobalamin complex is called holo-
transcobalamin. Only 6-20% of the cobalamin in se-
rum is bound to transcobalamin Il; the remainder is
bound to transcobalamin | (haptocorrin 1) whose func-
tion is uncertain (2). Transcobalamin Il is a plasma
protein that binds cobalamin and facilitates the cellu-
lar uptake of cobalamin by receptor-mediated endo-
cytosis. Transcobalamin Il, a non-glycosylated secre-
tory protein of molecular mass 43 kDa, and its plas-
ma membrane receptor are essential components of
plasma cobalamin transport into all cells.

Humans are unable to synthesize cobalamin: de
novo synthesis seems to be restricted exclusively to
some bacteria (5), and so exogenous cobalamin must
be efficiently absorbed in the intestine and then trans-
ported to cells (6).

Cobalamin is first released from proteins through
peptic digestion in the stomach, and then bound to
the protein ligands haptocorrins or transcobalamin .
These haptocorrins are digested by pancreatic prote-
ases in the duodenum, thus allowing the subsequent
binding of cobalamin to intrinsic factor. Finally, intrin-
sic factor-cobalamin complex binds to the receptor on
the brush border of the ileal enterocytes and under-
goes endocytosis. This receptor is known as cubilin
(7, 8). Enterocyte uptake of the intrinsic factor-coba-
lamin complex is followed by the degradation of in-
trinsic factor, after which vitamin binds transcobala-
min |l transport protein and is finally secreted in this
form into plasma. Cells other than enterocytes can
only take up the cobalamin bound to transcobalamin
(holotranscobalamin). About 80% of total cobalamin
in serum is bound to haptocorrin and is not available
to the cells. Transcobalamin does not deliver cobala-
min to tissues. The holotranscobalamin enters the
portal vein and is rapidly recognized by, and bound
to, specific receptors distributed on the cell surfaces

of a variety of organs. Cobalamin is first dissociated
from transcobalamin Il at low pH existing in lyso-
somes, then reduced, and finally converted to the two
coenzyme forms (9).

Transcobalamin Il deficiency leads to disturbed
function of the two cobalamin requiring enzymes,
methylmalonil coenzyme A mutase and methionine
synthase, and to methylmalonic aciduria and homo-
cystinuria. The aim of the present study was to assess
the usefulness of holotranscobalamin in the diagnosis
of B,, deficiency and the incidence of true hypoholo-
transcobalaminemia in a group of patients with vita-
min B, values within 154-300 pmol/L.

Material and Methods

In this cross-sectional study sixty three subjects
(random sample) from different departments of the Cli-
nical Centre Novi Sad (35 females and 28 males) were
studied. Thirty subjects were hematological patients, fo-
urteen ambulatory patients, ten gastroenterologic pa-
tients, three nephrologic, two endocrinologic, two sur-
gical and two neuropsychiatric patients. They were
examined on the basis of the vitamin B, status. These
subjects were divided into two groups: %irst group—su-
bjects with vitamin B, values within interval 154-300
pmol/L (n=32, 18 females and 14 males, mean age
45.57+17.2 years), and control group-subjects with
vitamin B, , value above 300 pmol/L (n=31, 17 fema-
les and 14 males, mean age 54.7+13.9 years). After
the vitamin B,|2 measurement, we measured the holo-
transcobalamin values in all patients.

Vitamin B, , and holotranscobalamin were mea-
sured by microparticle enzyme immunoassay—MEIA
(AxSYM analyzer, Abbott reagents). Axsym holotrans-
cobalamin direct binding assay is based on two well-
-characterised binders: mouse mAb to holotransco-
balamin (that does not recognise transcobalamin)
and mouse mADb to transcobalamin. The assay direct-
ly quantitates holotranscobalamin and avoids all pre-
treatment steps common to all B, assays.

Statistical analyses were performed using Mi-
crosoft Office Excel program package 2003. Results
are expressed as mean = S.D. The following statistic
methods were performed: f-test, t-test, correlation
and single linear regression.

Results

Group of patients with vitamin B, ., values with-
in the range 154-300 pmol/L had mean plasma B,,
value 215.03+38.23 pmol/L and mean holotransco-
balamin level 38.55+23.0 pmol/L. Control group of
patients with vitamin B,,>300 pmol/L had mean plas-
ma B, value 451.83 +139.73 pmol/L and mean ho-
lotranscobalamin level 61.35+31.81 pmol/L. Blood
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Figure 1 Correlation of vitamin B,, and holotranscobala-
min (r = 0.53, p<0.01).

holotranscobalamin level of subjects with vitamin B
values within 154-300 pmol/L were significantly lo-
wer than those of controls (p<0.01).

Twenty five percent of patients with vitamin B
value within 154-300 pmol/L had a low level of ho-
lotranscobalamin. All subjects in the control group
had normal values of holotranscobalamin.

Serum vitamin B,,, and holotranscobalamin le-
vels showed a statisticaﬁy significant positive correla-
tion by linear regression (r=0.53, p<0.01).

Age of subjects and holotranscobalamin levels
did not show statistically significant correlation.

Discussion

Vitamin B, deficiency may take decades to de-
velop, and affected patients may be asymptomatic or
may present with a wide spectrum of hematologic
and neuropsychiatric manifestations (10). Herbert
(11) outlined four stages in the development of vita-
min B, , deficiency. Stages 1 and 2 represent the con-
dition in which the biochemical depletion of vitamin
B, occurs prior to any obvious clinical damage; se-
rum levels of B,, may still be normal. Stages 3 and
4 represent the condition of true deficiency with ob-
vious metabolic components, clinical components, or
both; serum B,, levels are low. Any hematological
and neurologic Eeatures tend to occur in the later sta-
tes. True challenge is to identify vitamin B, , deficien-
cy in a preclinical stage, when treatment can avert
complications. Early diagnosis of vitamin B,, defi-
ciency is crucial because of the latent nature of this
disorder and the possible risk of irreversible neurolo-
gical damage (12). The plasma vitamin B,, concen-
tration does not reliably rule out vitamin B, deficien-
cy. Thus, the finding of a normal serum B,, level
does not completely exclude the possibility of B,,
deficiency.

In plasma, vitamin B, is bound to two proteins,
haptocorrin and transcobaémin. Vitamin B, , attach-
P 12

ed to transcobalamin, holotranscobalamin, repre-
sents the biologically active fraction that can be deli-
vered into all DNA-synthesizing cells. Therefore, mea-
surement of holotranscobalamin has for years been
suggested as a sensitive marker of vitamin B,, defi-
ciency, and this measurement would be expected to
provide a more reliable measure of B,, availability to
tissues than total serum B,,,. Deficit of transcobalamin
Il results in failure of immunoglobulin production, me-
galoblastic anemia, granulocytopenia, thrombocytope-
nia, and intestinal villous atrophy, all correctable with
vitamin B, therapy. However, the clinical usefulness of
holotranscobalamin has not yet been evaluated thor-
oughly, and only limited knowledge exists of other fac-
tors influencing the level of holotranscobalamin (12).

Cobalamin deficiency occurs in the 3% to 40%
of the general population (13-15). Dhamarajan et al.
(16, 17) in studies of community, hospital, and nurs-
ing home subjects found the prevalence to be 15% to
25%. In our study, in subjects (random sample) with
vitamin B, values within the range 154-300 pmol/L
we found 25% in which we can expect functional co-
balamin deficiency because of their holotranscobala-
min deficiency. This deficiency of holotranscobalamin
occured in subjects with vitamin B, level between
154.9-259.8 pmol/L. In study of Hvas (12) from
937 individuals with increased methyl malonic acid,
in 242 (26%) the concentration of holotranscobala-
min was below the reference interval. In Herrmann
and Obeid (18, 19) studies with vitamin B,|2 risk po-
pulation they found low levels of holotranscobalamin
in 22% of elderly and 12% of subjects with normal di-
et. In subjects with B,,>300 pmol/L we did not find
hypoholotranscobalaminemia. The holotranscobala-
min mean values of these two groups were signifi-
cantly different. For this reason, we considered addi-
tional holotranscobalamin measurement efficient
only in subjects with borderline total vitamin B,,.

The concentration of holotranscobalamin in our
study was significantly associated with plasma vitamin
B4, levels (r=0.53, p<0.01). That is slightly lower
than in other studies—Hvas (12) found stronger asso-
ciation r=0.71, p<0.001, Loikas et al. (20) found
r=0.80, p<0.0001.

We did not find a significant correlation between
aging and the level of holotranscobalamin.

The present study indicates that holotranscoba-
lamin shows promise as a first-line test for excluding
vitamin B, deficiency, and that holotranscobalamin
is a more sensitive marker in the diagnosis of this
deficiency when compared with plasma vitamin B,
especially for subjects with borderline vitamin B,,
concentrations (154-300 pmol/L).
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