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In  normal human subjects. vit. B,? is 
bound to serum protein, probably alpha 
globulin( 1 ) .  The serum of these individuals 
has an additional capacity to bind vit. BIZ  
which can be estimated in vitro using the ra- 
dioactive vitamin ( 2  ) . By microbiological as- 
say, both serum content and binding capacity 
have been found elevated in chronic myelocy- 
tic leukemia. and some cases of polycythemia 
Vera and acute leukemia( 3 . 4 ) .  In the pres- 
ent study, the unsaturated binding capacity 
of serum has been measured in some hemato- 
logical disorders using Co';" vit. B I Z  by a 
method recently reported from this laboratory 
( 2 ) .  

Method. ('0'''' vit. B 1 2  having a specific 
activity of 968 ,uc mg was used. To  1 ml ali- 
quots of serum in a Visking bag were added 
1. 2.5. 5 ,  10. 25.  50. or 100 mpg of the radio- 
active vitamin. After incubating 2 hours a t  
room temperature. the mixture was subjected 
to exhaustive dialysis in cold. running tap 
water for 48 hours. *'Bound" vit. B,, was 
then measured in terms of residual radioac- 
tivi ty . 

Results. .\-ornza/s. -4 range of unsaturated 
binding capacity was derived from studies on 
6 normal adults. This was similar to, but 
generally lower than the binding capacity in 
normal subjects previously reported ( 2  ) . In 
the present inquiry. a single fresh batch of 
CO"~) vit. B1, was used. while originally the 
material used was several years old. 

Chronic myelocytic leukemia. Sera from 
14 patients were examined. Ten showed un- 
equivocal elevation of vit. B1,, binding ca- 
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pacity. 2 were borderline, and 2 fell into the 
normal range (Table I ) .  Of the ten, 3 showed 
marked and 7 moderate elevation (Fig. l a ,  b ) .  

Using the binding capacity of 1 ml of serum 
for 25  mpg of vit. BI2  as a reference point, 
the correlation was fair with total leukocyte 
count, and less good with the absolute myelo- 
cyte-myeloblast count (Fig. lc, d )  . 

Two patients were studied before and after 
chemotherapy. In patient K, when hemato- 
logical and clinical remission ensued, C O " ~  
vit. BIZ binding fell to the normal range. 
\Vhen partial remission occurred in patient S, 
the binding capacity was insignificantly re- 
duced (Fig. 2a). Two patients, C and F, who 
showed normal binding capacity were in clini- 
cal remission, although the former still had a 
leukocyte count elevated to 41,000,lcmrn. 

Patient J was studied terminally at which 
time he showed morphological evidence of 
acute disease. His serum had the highest vit. 
B1, binding capacity in this survey. 

Chronic lyinphocytic Leukemia. Previous 
reports indicated no significant increase in se- 
rum content of vit. B12 in ,this disease(3,4). 
Of 6 patients studied, serum of one showed 
moderate, and 2 slight increase in vit. B12 
binding capacity. The other 3 were in the 
normal range (Fig. 2b). The binding ca- 
pacity when abnormal was less elevated than 
in myelocytic leukemia. Correlation between 
binding capacity of 1 ml of serum a t  the 10 
inpug level and total leukocyte count was poor. 

.-1rutc lcukcmia. Eight adults in relapse 
were studied. In 7 the cell type was identi- 
fied as myeloblastic. Two sera showed an  in- 
creased vit. B12 binding capacity (Fig. 2c). 
In patient 1IcC the course was subacute, of 
one year's duration. One person who had 
acute stem cell leukemia showed a normal 
serum binding capacity. Polycythemia vera. 
Two patients were studied. One showed mild 
elevation of serum binding capacity for vit. 
B 1 2  while the other was within the normal 
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TABLE I. C o V i t .  B, Binding Capacity of Serum in Chronic Myelocytic Leukemia. 

mpg COBOB12 Total Total 
bound at leukocytes myelocytes- 

Patient 25 mpg/ml Current therapy per mniS myeloblasts 

Normal avg + 3.51 

P 6.95 Prednisone 18,900 764 
117,000 24,570 

Myleran 73,000 14,600 

2 S.D. 

K (pre-therapy) 12.40 6 M-P  
K (post-therapy) 3.45 6 M-P 5,050 101 

9 9  22,400 1,568 
7 9  41,000 1,640 
9 9  39,000 3,540 

9 9  376,000 92,120 
11,650 0 

9 9  95,000 17,100 
9 9  47,000 5,640 

Me 3.78 
Mu 4.78 
C 3.10 
M 5.15 
Pa 3.80 
W i  4.40 
F 2.68 
M a  5.60 
S (pre-therapy) 11.83 
S (post-therapy) 10.08 
R 4.23 None 16,500 165 
P o  7.40 6 M - P  30,000 3,600 
J 20.25 None 73,000 38,690 

None 21,000 6,930 

9 9  

Myleran 87,000 31,500 

_ _  

range. The patient with elevated binding ca- 
pacity had a persistent leukocytosis of 15- 
25,00O/cmm, while the other patient's leuko- 

cyte count remained about 10,00O/cmrn. Per- 
nicious anemia. Serum binding capacity for 
vit. B,2 of 3 patients in relapse was normal. 
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( a )  Binding capacity for  Cowvit. B,, of sera from 10 patients with chronic myelocytic leu- 

(b) Serum binding capacity for Cow vit. B,, i n  3 cases of chronic myelocytic leukemia show- 

(c) Correlation of serum binding capacity for Cow vit. B, in  chronic myelocytic leukemia 

(d )  Correlation of serum binding capacity for  Corn vit. B,, i n  chronic myelocytic leukemia 

kemia. Shaded area represents normal avg binding capacity 2 2 S.D. 

ing  the greatest elevation. Avg of binding capacity in  7 other patients is shown. 

with total  leukocyte count. 

with absolute myeloblast-myelocyte count. 
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( a )  Seruiii binding cap:icity for Coa) \-it. R,, in c.liroiiic ni~clocgtic leukemia before and after 

(b) Serum binding capacity for Cow rit. I$, i l l  3 c:tses of chronic lymphocytic leukemia 

(c) Serum binding cap:icity for Cow rit. B,, i i i  2 c:~ses of acute leukemia showing an eleva- 

(d)  Serum binding capacity for Cow vit. B,, in 2 cases of idiopathic neutropenia. 

therapy. 

showing an elevation. Avg of 3 cases falling witliiii nornial range is shown. 

tion and 5 cases (avg) falling witliiu 1lorn1:ll rallgth. 

Leukopenia. Two adults with chronic, idio- 
pathic neutropenia were studied. The bone 
marrow of each was normal. Each exhibited 
abnormally elevated serum binding capacity 
for vit. BI2 (Fig. 2d). I t  will be noted that 
the pattern of binding of patient 0 resembles 
that seen in chronic myelocytic leukemia. In 
patient S, the abnormal binding is manifest 
only when the larjyr amounts of vit. B12 are 
used. 

Discussion. Several observers, using micro- 
biological estimation, have noted an increased 
binding capacity for vit. B12 in sera of pa- 
tients with chronic and acute myelocytic leu- 
'kemia(3,S). Others, employing radioactive 
vitamin, have noted a decreased rate of its 
plasma clearance in chronic myelocytic leu- 
kemia(6,7). This may be considered an 
equivalent in vivo phenomenon, because with 
increased binding capacity a larger part of 
the administered vitamin is bound to serum 
protein and consequently lost from plasma 
more slowly than in normals. In general, the 
i n  vitro or in vivo abnormality showed a 

mildly positive or no relationship with total 
leukocyte count and severity of disease. These 
findings are in harmony with the results of 
the present study. We have also confirmed 
(though in one case only) the increased bind- 
ing capacity which may be present in polycy- 
themia Vera. 

Inspection of the graph (Fig. 1 a, b) of 
vit. B12 binding in patients with chronic mye- 
locytic leukemia shows a rapidly ascending 
essentially straight segment followed by a 
portion which parallels the normal. This 
suggests a specific binding mechanism which 
becomes saturated, following which non-speci- 
fic binding-as in normals-becomes evident. 
If the straight portions of the ascending and 
horizontal limbs of the graphs were extended 
to an intersecting point, this point might be a 
measure of total binding capacity. We have 
arbitrarily used the amount of vitamin bound 
when 10 or 25 mpg were added per ml serum 
for correlation with leukocyte count. 

Because previous investigation had shown 
increased serum binding capacity for vit. BIZ 
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only in those hematological disorders char- 
acterized by ipcreased granulopoiesis, Mollin 
( 3 ) proposed that disintegrating granulocytes 
might be the source of an increased binding 
substance in the serum. He was able to dem- 
onstrate this in vitro by mechanically injur- 
ing granulocytes. In the present report, we 
have shown that the serum of patients with 
chronic lymphocytic leukemia and idiopathic 
granulocytopenia may have an increased 
bind,ing capacity for vit. B12. This suggests 
an alternative source for binding substance. 
However, if the rate of granulocyte produc- 
tion were masked by an excessive rate of de- 
struction, these cells might represent the 
source of binding substance in all instances. 
Leukocyte agglutinins, which have been re- 
ported to be only infrequently present in 
chronic lymphocytic leukemia and idiopathic 
neutropenia(8), were not sought in these 
cases. 

Other investigators have noted serum con- 
tent of vit. B12 to be elevated always in 
chronic myelocytic leukemia, even during re- 
mission (3,4,7). Our method does not permit 
accurate measurement of less than 1 mpg of 
vitamin. With this reservation, 2 of our pa- 
tients with this disease showed normal, 2 bor- 
derline elevation of vit. BI2 binding capacity. 
All 4 were under treatment and in various de- 
grees of clinical and hematological remission. 
A fifth patient’s serum fell to normal in bind- 
ing capacity following treatment. Patient W, 
who had received no specific therapy and who 
had the highest leukocyte count in this study, 
showed only a moderate elevation of binding 
capacity. However, she had been treated 
with parenteral vit. B12 for several months 
before she came to our attention. This may 
have saturated her binding capacity, as Mol- 

lin has shown(3)’ thus accounting for the 
relatively small degree of unsaturation dem- 
ons trated. 

The findings in acute myelocytic leukemia 
are in accord with previous demonstrations 
that serum content of and binding capacity 
for vit. BI2 in this disease may be elevated, 
though usually to a lower level than in the 
chronic form of the disease. 

Summary and conclusions. 1. A survey of 
in vitro Co60 vit. B12 binding capacity of se- 
rum from patients with various hematological 
diseases is presented. Results are compared 
with previous studies employing microbiologi- 
cal assay and with measurements of serum 
content as well as binding capacity for the 
vitamin. 2. These data confirm earlier find- 
ings of elevated binding capacity in acute and 
chronic myelocytic leukemia and in polycy- 
themia Vera. 3. An increased binding ca- 
pacity in some cases of chronic lymphocytic 
leukemia and idiopathic neutropenia is noted 
for the first time. 
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