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IMMUNOLOGIC STUDIES WITH INTRINSIC FACTOR IN MAN *

By MANUEL E. KAPLAN,} RALPH ZALUSKY, JACK REMINGTON,} anp
VICTOR HERBERT

(From the Thorndike Memorial Laboratory and the Second and Fourth [Harvard] Medical
Services, Boston City Hospital, and the Department of Medicine, Harvard
Medical School, Boston, Mass.)

(Submitted for publication September 1, 1962; accepted November 15, 1962)

Since the fundamental defect in pernicious ane-
mia is inadequate or absent secretion of gastric in-
trinsic factor (1), specific therapy with intrinsic
factor would seem, logically, to be the preferred
treatment. After the demonstration (2, 3) that
desiccated hog stomach could substitute for hu-
man gastric juice to facilitate the absorption of
vitamin B,, in man, many patients with pernicious
anemia were treated orally with extracts of hog
pyloric mucosa and vitamin B,,. In most cases,
gratifying hematological improvement was noted
initially. With continued administration of these
preparations, however, a significant number of pa-
tients suffered hematologic relapse (4-9). In
these individuals, it was found that sources of
porcine intrinsic factor no longer facilitated vita-
min B,, absorption (6-8, 10). This phenomenon
of refractoriness to orally administered hog in-
trinsic factor concentrates (HIFC) was among
the reasons that led the U.S.P. Anti-Anemia
Preparations Advisory Board to recommend, in
1959, that such preparations be excluded from
the U. S. Pharmacopoeia (11).

Certain observations suggest that the refractory
state is immunologic in origin. The present stud-
ies were undertaken in an attempt to demonstrate
a causal relationship between immunization to
HIFC and the refractory state, and have been
previously reported in preliminary form (12).

* Supported in part by grant A-795 from the U. S.
Public Health Service and in part by a grant from Eli
Lilly and Co., Indianapolis, Ind.

T Investigation carried out during the tenure of a post-
doctoral fellowship from the National Heart Institute,
U. S. Public Health Service. Present address: Depart-
ment of Hematology, The Mt. Sinai Hospital, New York,
N. Y.

} Present address: Palo Alto Medical Research Foun-
dation, Palo Alto, Calif.

MATERIALS AND METHODS

1. Anti-HIFC sera

Purified hog intrinsic factor concentrate! (P-HIFC)
was used as the stimulating antigen.

A. Rabbits. To 0.5 mg of P-HIFC dissolved in 1.0
ml of saline an equal volume of complete Freund's ad-
juvant 2 was added, and the mixture was emulsified thor-
oughly. Two albino rabbits each weighing 2 to 3 kg
were injected weekly for 4 weeks with P-HIFC in ad-
juvant as follows: initially, 0.25 ml was administered
into each foot pad; subsequently, 1.0 ml was injected
into multiple subcutaneous and intramuscular sites. Af-
ter a rest period of one month, the animals received in-
traperitoneally 0.5 ml of P-HIFC in saline without ad-
juvant and one week thereafter were bled. Sera were
separated by centrifugation, pooled, and stored at — 20°
C until used.

B. Patients. Two elderly males (J. W. and J. D.) with
treated pernicious anemia, previously diagnosed on the
basis of 1) macrocytic anemia with megaloblastic bone
marrow, 2) gastric anacidity after maximal histamine
stimulation, 3) low vitamin B,, and normal folate serum
levels, and 4) subnormal absorption of Co®-vitamin B,.
corrected by orally administered HIFC, were injected
repeatedly with P-HIFC in the following manner: to a
100 mg per 100 ml concentration of P-HIFC in sterile sa-
line was added sufficient 2% merthiolate 3 solution to result
in a 1:1,000 concentration. Aerobic and anaerobic cul-
tures of this preparation were consistently sterile. The
P-HIFC solution, 0.2 ml, was mixed with 0.3 ml of in-
complete Freund’s adjuvant 2 and injected subcutaneously
into the right upper arm. No immediate or delayed ef-
fects were noted other than persistent “soreness” at the
injection site. One week thereafter, 0.5 ml of P-HIFC
without adjuvant was administered subcutaneously into
the left upper arm. No immediate untoward effects were
noted; however, patient J. W. reported mild itching at

the injection site, beginning within 4 to 6 hours and per-

1 We are indebted to Dr. Leon Ellenbogen, Lederle
Laboratories, Pearl River, N. Y., for generously pro-
viding the following hog intrinsic factor concentrates:
a) 3596 C-46-1 (P-HIFC) active at a daily oral dose
(D.O.D.) of 0.3 mg; b) WES 671 A, D.O.D.=5mg; ¢)
WES 186-1, D.O.D.= 50 mg.

2 Difco Laboratories, Detroit, Mich.

3 Thimerosol, Eli Lilly and Co., Indianapolis, Ind.
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TABLE 1
Source and serological characteristics of the sera studied
Electro-
phoretic Homogenate
BDB* Date of mobility uptake in
serum in serum cpm minus
Code Patient Oral HIFC Titer Date collection of Cos7-HIFC  saline control
HIFC 6,785
A Refractory WSt Discontinued 1:16 1/59 3/59 B 11,572
1/56
B Normal 0 ? B 13,077
C Refractory LW [1]% Daily 1:100 2/59 6/59 B8 12,535
Refractory LW [2] Discontinued 1:100 2/59 6/61 B
10/59
D Refractory FC[1] Daily 1: 8/59 8/59 None 14
H Refractory FC [2] Discontinued 1: 8/59 1/61 B 11,006
10/59
Refractory FC [3] Discontinued 1: 8/59 6/61 B
10/59
E Myelogenous 0 ? B 14,083
leukemia
F Normal 0 ? I} 13,266
G Refractory PC [1] Discontinued 1: 6/59 1/61 B 8,992
10/59
Refractory PC [2] Discontinued 1: 6/59 6/61 B
10/59
Refractory SS Discontinued ?/59 6/61 B8
? date

* BDB is bis-diazotized benzidine.

1 The initials identify the patients previously proved refractory by Lowenstein and associates (13).

1 Numbers in brackets indicate separate serum specimens from the same subject.
were performed on the same day with samples of the same liver.

sisting for 2 to 3 days. Subsequent injections of 0.1 or
0.2 ml of P-HIFC in saline were administered intra-
dermally in order to observe the development of skin
sensitivity. Patient J. W. received a total of 1.1 mg and
patient J. D. a total of 0.9 mg of P-HIFC. Generous
blood samples were obtained from both patients before
immunization was initiated, immediately before each in-
jection of P-HIFC, and 1 week after the series of in-
jections was completed. Sera were separated by cen-
trifugation and stored in separate vials at — 20° C until
used.

I1. Sera from patients previously proved refractory

The sera were supplied by Drs. Lowenstein and Cooper
from 5 patients with pernicious anemia unresponsive to
oral HIFC previously reported in detail by their group
(13). In all, 12 sera were provided by the Montreal
group; the first 8, characterized only by the serial code
letters “A” to “H,” included sera from subjects without
pernicious anemia as well as from patients with per-
nicious anemia previously demonstrated to be refractory
to oral HIFC. After completion of the studies herein
reported, the donor of each serum was identified. The
remaining sera were known to be recently obtained
specimens from 4 previously refractory patients; 3 of

All homogenate uptake studies

the 4 had earlier contributed sera included in the first
group of 8.

In Table I are designated a) the source and collection
date of each serum studied and b) whether the patient
was receiving oral HIFC at the time his serum was
obtained. In addition, the results of the most recently
performed hemagglutination titration studies (BDB =
bis-diazotized benzidine) performed by Lowenstein,
Cooper, Brunton, and Gartha (13) are included.

II1. Serological studies

A. Agar diffusion. Precipitating antibodies to P-HIFC
were sought in the sera of the patients and rabbits im-
munized with P-HIFC and in the sera of 5 patients pre-
viously proved refractory to oral HIFC. For this pur-
pose, the double diffusion methods of Ouchterlony (14)
and Preer (15) as well as the microimmunoelectropho-
retic technique described by Scheidegger (16) were
utilized.

B. Precipitation of Co™-B,,-HIFC complex by rabbit
antisera. A Co"-B,,-HIFC complex was prepared by the
addition of 1.75 ug of Co"-labeled vitamin B,,4 with a

4 Kindly provided by Dr. Alpert, Merck Sharp &
Dohme Research Laboratories, Philadelphia, Pa.



370

KAPLAN, ZALUSKY, REMINGTON, AND HERBERT

1001
o
w
% 9]
=
a
5 80
g ) o
@
a 701
>
|
2 601
-
Q
501
b
o
(&) 40
o
a
a 301
<<
S
- 201
<
w
© 0]
] o
. o0 r . . v . y e Q
(V] 2 4q 8 16 32 64 128 256
DILUTION ANTI-HIFC SERUM I:
Fic. 1. PERCENTAGE oF Co0¥ ACTIVITY PRECIPITATED FROM A SYSTEM

CONTAINING Co”-B,,-HIFC (HOG

INTRINSIC FACTOR CONCENTRATE) AND

SERIALLY DILUTED RABBIT ANTI-HIFC SERUM.

specific activity of 990 uc per mg to 6.0 ml of a 550 mg
per 100 ml aqueous suspension of HIFC (WES 671-A).
Although it would have been preferable to use P-HIFC
as the antigen in this precipitin system, an insufficient sup-
ply of the latter material would not permit this. After
dialysis for 24 hours against cold (4° C) water, the con-
tents of the dialysis bag were centrifuged in the cold
and the scanty precipitate discarded. The clear super-
natant fluid was diluted 1:5 in saline, and 0.5 ml sam-
ples thereof were pipetted into a series of test tubes.
Three ml of the pooled serum obtained from rabbits after
immunization with P-HIFC were diluted serially in two-
fold steps, from 0 to 1:1024. To each tube containing
Co”-B,,-HIFC was added 2 ml of a given dilution of
rabbit antiserum; a control tube containing normal, un-
diluted rabbit serum was included. After incubation at
37° C for one hour, the tubes were allowed to stand at
4° C for 48 hours. The precipitates were spun down,
washed twice in cold saline, and counted against 0.5 ml
of the Co”-B,,-HIFC standard in a well-type scintillation
counter.

1V. Electrophoretic studies

A similar Co"-B,,-HIFC complex was prepared by the
addition of 0.5 ml (0.484 ug) Co™-B,, to 2.5 ml of a 100
mg per 100 ml aqueous suspension of HIFC (WES
671-A). After dialysis and centrifugation as previously
described, 20 ul of the Co”-B,,-HIFC solution was added
to 0.25 ml samples of various human sera and the resultant

mixtures were incubated at 37° C for 1 hour. Fifty ul of
each mixture was applied to an 8- by 11-inch sheet of What-
man no. 1 filter paper and electrophoresis at 180 v per-
formed in Veronal buffer (pH 8.6, 0.05 M) for 16 hours
at 25° C. Thereafter, the filter paper was oven dried
and cut into- 1%4-inch wide longitudinal strips corre-
sponding to the migration paths of the various sera.
With each electrophoretic run, one control strip was
stained with bromphenol blue in order to localize the vari-
ous serum components. The distribution of radioactivity
of the remaining strips was measured by cutting each
strip into ¥4-inch segments and counting them in a well-
type scintillation counter.

V. Homogenate studies

In the presence of a hog intrinsic factor source, ho-
mogenates of rat liver will take up large quantities of
vitamin B,, from the surrounding medium (17). In
order to explore the effects of various sera in this system,
the standard homogenate technique was modified as fol-
lows: HIFC (WES 186-1) was prepared as a 5 mg per
100 ml suspension in saline. To a series of test tubes con-
taining 0.5 ml of the test serum serially diluted in saline
from whole serum to 1: 32,000, 0.5 ml of the HIFC sus-
pension was added (containing 25 ug of HIFC). After
incubation for 1 hour at 37° C and overnight at 4° C, the
tubes were centrifuged at 3,000 rpm in the cold for 30
minutes. The supernatant fluid was decanted and a
sample thereof assayed for intrinsic factor activity in the
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Fi1c. 2. IMMUNOELECTROPHORETIC SLIDES A AND B.
munization serum from patient J. W. (upper) and J. D. (lower).

with P-HIFC. The anode was to the right.

The circular wells contained postim-
The longitudinal reservoirs

above each well were filled with goat antihuman serum and those below each well were filled

In each case a faint precipitin line is seen between

the P-HIFC reservoir and a serum component corresponding, in electrophoretic mobility, to

the gamma globulins.

liver homogenate system by the single incubation tech-
nique (17). The following controls were always in-
cluded: normal serum with HIFC, test serum without
HIFC, and saline with HIFC. During the incubation of
immune rabbit serum with HIFC, precipitates formed in
tubes containing the higher concentrations of rabbit se-
rum. These precipitates were washed twice in saline and
dissolved in 0.1 ml 0.05 N NaOH. Chemical neutrality
was re-established with addition of 0.05 N HCI and suffi-
cient Krebs-Ringer Tris buffer, pH 7.4, added to result
in a standard volume of 1 ml. These dissolved, buffered
precipitates, which showed no tendency to reprecipitate
spontaneously, were assayed simultaneously with the su-
pernatant fluids in the liver homogenate system by the
single incubation technique. The results were expressed
as counts per minute above or below the value given by
the control containing test serum without added HIFC.
After it had become apparent that antisera to HIFC
prevented the latter from enhancing radioactive vitamin
B,, uptake in the homogenate system, the mechanism of in-
hibition was investigated by means of the sequential
incubation technique (17). Samples of liver homogenate
were incubated for 30 minutes at 25° C in a) HIFC, b)
rabbit anti-HIFC serum, or ¢) saline. After the homog-
enates were washed in buffer, anti-HIFC serum was added
to the homogenate previously exposed to HIFC, HIFC
added to the homogenates previously incubated with anti-
HIFC or with saline, and reincubation was performed as

described above. The homogenates were again washed
and Co™-B,, then added as a third incubation step. Final
washing and measurement of homogenate radioactivity
were performed in the usual way. Two controls were in-
cluded in the sequential incubation studies: HIFC was
incubated for 1 hour at 37° C with rabbit anti-HIFC or
with normal rabbit serum before being mixed with ho-
mogenate ; and after initial incubation and washing, Co®-
B,; was added subsequently as a second incubation step.

VI. Vitamin B,, absorption studies

On repeated occasions vitamin B,, absorption was meas-
ured by a modification (18) of the method of Schilling
(19) in the two patients with pernicious anemia. An
oral test dose of 2 ug Co™-B,, containing 0.25 uc of
radioactivity was administered. Immediately and 24 hours
thereafter, 1,000 ug of unlabeled vitamin B,, was injected
subcutaneously. Urine was collected for 72 hours after
administration of the oral Co®-B,. Since little Co® ac-
tivity was excreted during the final 24 hours, the uri-
nary excretion of Co®-B,, was calculated and expressed
as the percentage of the orally administered dose re-
covered within the first 48 hours. In the normal subject,
this was greater than 5%. When the effect of a given
serum on vitamin B,, absorption was to be assessed, the
following protocol was adopted. To 50 mg HIFC (WES
186-1 dissolved in 4 ml of saline, 1 ml of saline con-
taining 2 ug Co*-B,, was added and the:resulting sus-



372

KAPLAN, ZALUSKY, REMINGTON, AND HERBERT

Fic. 3. PAPER ELECTROPHORESIS OF NORMAL SERUM WITH Co0%"-B,-HIFc. The electrophoretic
distribution of radioactivity is shown.

Fic. 4. PAPER ELECTROPHORESIS OF PERNICIOUS ANEMIA SERA (J. ».) witH Co”-B,-HIFC.
The electrophoretic distributions of radioactivity in preimmunization and postimmunization
sera are shown. Preimmunization serum was obtained after the patient received the first injec-
tion of P-HIFC; this may account for the slurring of the radioactivity peak toward the origin.
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Fic. 5. PAPER ELECTROPHORESIS OF PERNICIOUS ANEMIA SERA (J. w.) witH Co"-B,-HIFC.
The electrophoretic distributions of radioactivity in preimmunization and postimmunization
sera are shown.

F16. 6. PAPER ELECTROPHORESIS OF SERUM “C” (PATIENT REFRACTORY) WITH Co”-B,-HIFc. The
electrophoretic distribution of radioactivity cannot be distinguished from normal.
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SERUM “D" MONTREAL + HIFC~c057)p
(REFRACTORY)

F16. 7. PAPER ELECTROPHORESIS OF SERUM “D” (PATIENT REFRACTORY) WITH Co”-B,.-HIFC. The

radioactive material has remained at the origin.

pension mixed thoroughly. A standard volume of the
test serum (10 ml of rabbit serum or 40 ml of human
serum) was added and the mixture incubated at 37° C for
one hour. Precipitate, when formed, was resuspended
and the entire mixture fed to the patient. In two studies,
10 ml of rabbit antibovine serum albumin serum and 1 ml
of a 400 mg per 100 ml suspension of bovine serum albu-
min (BSA)5 (a quantity calculated to result in maximal
precipitation) were added to the Co¥-B,-HIFC. After
incubation at 37° C for one hour, the resultant mixture
was fed to the patient.

RESULTS

Serological studies. Serum obtained from rab-
bits after immunization with P-HIFC contained
precipitating antibodies to P-HIFC. By the
Ouchterlony technique, four precipitin bands were
visualized and on immunoelectrophoresis multiple
lines were formed. The rabbit antiserum did not
precipitate purified porcine A substance,® but did
react with porcine plasma ? to form two precipitin
lines. One of these fused, with spur formation,
with a precipitin band resulting from the reaction

8 Nutritional Biochemicals Corporation, Cleveland, Ohio.
6 Knickerbocker Laboratories, New York, N. Y.
7 Pentex, Inc., Kankakee, Il

between P-HIFC and rabbit anti-HIFC (i.e., re-
action of partial identity).

Figure 1 shows the percentage of radioactivity
precipitated from a fixed quantity of Co%'-B,,-
HIFC complex by various amounts of rabbit anti-
HIFC serum. A maximum of 78% of the Co®"
activity was precipitable in the presence of excess
antiserum. Possible reasons for the failure to
precipitate all of the Co®" activity will be discussed
later.

After the third injection of HIFC, both patients
with pernicious anemia manifested skin sensitivity
of the immediate type (wheal and erythema).
Further injections of antigen were necessary,
however, before sera from both patients reacted
visibly with P-HIFC in agar diffusion systems
(Figure 2). Repeated attempts utilizing Ouch-
terlony, Preer, and immunoelectrophoretic tech-
niques to demonstrate precipitating antibodies to
P-HIFC in the sera of five patients previously
proved to be refractory to oral HIFC were un-
successful.

Electrophoretic  studies. A Co%-B,,-HIFC
complex, when added to normal serum or to sera
obtained from the pernicious anemia subjects be-
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LIVER HOMOGENATE STUDY: HIFC-RABBIT ANTI-HIFC
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Fic. 8. Liver HOMOGENATE Co"-B,, UPTAKE. To rabbit anti-HIFC serum, serially diluted,
was added a standard quantity of HIFC. The products of this reaction (supernatant fluids
and redissolved precipitates) were added to liver homogenate, immediately followed by
Co"-B,,, in the single incubation technique (17).

fore immunization, migrated anodally with the
beta globulins on paper electrophoresis (Figures
3-5). In postimmunization sera (containing pre-
cipitins) the complex remained fixed at the origin
as a homogenous peak (Figures 4 and 5). The
electrophoretic mobility of Co®-B,,-HIFC in the
sera of patients previously proved refractory to
oral HIFC was found, in all but one case, to be
normal (Table I, Figure 6). In the exceptional
serum “D,” the Co®" activity failed to migrate
from the zone of application (Figure 7). It
should be noted (Table I) that serum “H.” ob-
tained 4 months after serum “D” from the same
refractory patient (F. C.) did not impede the mi-
gration of the Co®"-B,,-HIFC complex.

Liver homogenate studies. When the products
of the reaction between HIFC and rabbit anti-
HIFC serum (i.e., the supernatant fluids and dis-
solved precipitates) were tested for their capacity
to enhance the Co®-B,, uptake of rat liver ho-
mogenates, curves such as the one depicted in Fig-
ure 8 resulted. Supernatant fluids derived from
tubes containing antiserum in great excess dimin-
ished Co®"-B,, uptake by the homogenate below

that occurring in the absence of HIFC. With
progressive dilution of antiserum to 1: 256, dimin-
ishing quantities of precipitate formed; neverthe-
less, no reciprocal increment in intrinsic factor
activity in the supernatant fluid could be demon-
strated. At dilutions of antiserum greater than
1:256, precipitation was not observed. Super-
natant fluids from these tubes did potentiate B,
uptake by homogenates. Precipitates formed by
the reaction between HIFC and rabbit anti-HIFC,
after being dissolved and buffered, enhanced B,,
uptake by homogenates only 15%, compared to
control serum (Figure 8).

TABLE II

Effect of order of addition of reactants on the
uptake of Co®-B,s by liver homogenate

Substance Sequence of addition
HIFC 2 1 2 1 1
Rabbit anti-HIFC 2 1 1
Normal rabbit serum 1
Saline 1
Co®-B;» 3 3 3 2 2

Counts per minute 3,004 806 2,213 51
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Fi1c. 9. Liver HOMOGENATE Co0"-B,, UPTAKE. Postimmunization serum from J. D. was
serially diluted and each dilution incubated with a standard quantity of HIFC. The ability
of the latter thereafter to enhance the uptake of Co™-B,, by liver homogenates is depicted.

The results of sequential incubation studies per-
formed are depicted in Table II. The data demon-
strated that 1) preincubation of homogenate in
rabbit antiserum did not inhibit subsequent vita-
min B,, binding, 2) preincubation of HIFC with
anti-HIFC totally suppressed the ability of former

15007 _ — — PREINMUNIZATION SERUM + HIFC

10001

c037—8,; ACTIVITY, CTS/MIN

= ——SALINE # HIFC— — —————-————-—-—

to facilitate the uptake of vitamin B,, by the ho-
mogenate, and 3) the addition of rabbit antiserum
to a homogenate previously incubated in HIFC
diminished significantly, but not completely, its
subsequent uptake of vitamin B,,.

The effects of pre- and postimmunization sera

J.W.SERA

o] 2 4 8 16 32 64

128 256 512 1024 2048 4096 8192 16384

POSTIMMUNIZATION SERUM, DILUTION 1I:

Fic. 10. LivER HOMOGENATE Co0"-B,, UPTAKE. Postimmunization serum from J. W. was
serially diluted and each dilution incubated with a standard quantity of HIFC. The ability of
the latter thereafter to enhance the uptake of Co™-B,, by liver homogenate is depicted.



IMMUNOLOGIC STUDIES WITH INTRINSIC FACTOR IN MAN

377

2

-3 201

©

$ 18 &———SKIN TEST+ ——>

o é—— PPT TEST ——

& 16

g HIFC

€ 14 Wl

x

w 124

N

S 0]

(7]

3

o

@ 6 R

’u_, R U P D U N P B AL CLL T
INDETER-

g 4- MINATE

F_l P.A.

- | l

z o

u B2 B2 B2 812 Bi2 3;2 Blz

+ + + +
@ HIFC HIFC HIFC HIFC HIFC HIFC
u + + + +
RABBIT  RABBIT M:‘B%ng- AUTOGE-
NOUS

ANTI=BSA ANTI-HIFC
+

BSA

ANTI-HIFC CONTROL
SERU

Fic. 11. UriNARY EXCRETION OF Co*-B,, IN SCHILLING TESTS ON PATIENT J. D. Effects of
adding various sera to Co*-B,-HIFC prior to oral administration. In addition, the temporal
relationships of P-HIFC injections (HIFC) to subsequent development of skin sensitivity,
precipitating antibodies, and Schilling tests are shown.

from the two patients with pernicious anemia on
the vitamin B,, uptake of liver homogenates are
depicted in Figures 9 and 10. Preimmunization
sera enhanced somewhat the B,, accumulation by
the homogenate in the presence of HIFC. Post-
immunization sera produced some turbidity but
little precipitate when incubated with HIFC.
Nevertheless, they severely curtailed vitamin B,,
uptake by the liver homogenate. It is noteworthy
that, on a volume for volume basis, postimmuniza-
tion human sera were significantly less inhibitory
than rabbit antisera. This presumably reflects a
lesser degree of immunization in the human sub-
ject. When undiluted serum from five patients
previously proved refractory to oral HIFC were
tested in the liver homogenate system, only one,
serum “D,” proved inhibitory (Table I). Se-
rum “H” obtained from the same patient (F. C.)
4 months after serum “D” did not suppress the
vitamin B,, uptake by the homogenate.
Absorption studies. The results of serial vita-
min B,, absorption studies performed on the two

patients with pernicious anemia (J. W. and
J. D.) are shown in Figures 11 and 12. The
findings were as follows: 1) deficient vitamin B,,
absorption in the absence of an intrinsic factor
source; 2) significant augmentation of B,, absorp-
tion by HIFC before immunization; 3) nullifica-
tion of intrinsic factor activity by rabbit anti-HIFC,
but not by rabbit anti-BSA or by the reaction prod-
ucts of BSA and rabbit anti-BSA; 4) failure of
parenteral immunization with P-HIFC to produce
refractoriness to orally administered HIFC;® and
5) complete suppression in patient J. D. of vitamin
B,, absorption when autogenous, postimmuniza-
tion serum was administered orally with hog in-
trinsic factor concentrate. In this patient, no in-
hibition of vitamin B,, absorption was induced by

8 One year after being immunized, patients J. D. and
J. W. were again evaluated by means of Schilling tests.
At this time, J. D. excreted 11.6% and J. W. 154% of
the orally administered dose of Co®-B,, when it was fed
with HIFC, indicating refractoriness had still not de-
veloped.
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cipitating antibodies, and Schilling tests are shown.

orally administered, autogenous preimmunization
serum. Postimmunization serum from patient
J. W. did not clearly inhibit vitamin B,, absorp-
tion when used in identical fashion to the serum
of patient J. D.

DISCUSSION

The evidence that acquired resistance, or re-
fractoriness, to orally administered hog intrinsic
factor (HIFC) is the sequel to an immunologic
phenomenon may be summarized as follows: 1)
It may be acquired following the ingestion of
HIFC preparations (20). 2) It may be over-
come, temporarily at least, by the administration
of exceedingly large quantities of HIFC—mass
action effect (21-23). 3) It is species specific—
patients refractory to hog intrinsic factor will
absorb vitamin B;, when the latter is ingested
with a nonporcine source of intrinsic factor such
as human gastric juice (6, 8, 10, 23). 4) Sera
of refractory patients may inhibit vitamin B,,
absorption when fed with HIFC and vitamin
B,, to nonrefractory patients with pernicious

anemia (13, 24). 5) The inhibitory principle in
serum has been localized to the globulin fraction
(25). 6) Sera of refractory patients may agglu-
tinate red cells that have been coated with HIFC
(13, 25). 7) Patients refractory to oral HIFC
therapy will occasionally, on discontinuation of
such therapy, regain partial ability to absorb vi-
tamin B,, when it is administered with oral
HIFC. When large quantities of HIFC are fed
to such individuals, refractoriness reappears very
quickly. This has been termed an “anamnestic
response” (26).

On the other hand, certain other observations
suggest that the problem cannot be resolved so
simply. Thus, it has been shown that serum
from certain patients with pernicious anemia who
have never received hog intrinsic factor prepara-
tions, or who, despite such therapy, are not re-
fractory, may suppress vitamin B,, absorption
when allowed to interact with hog, human, or rat
intrinsic factors (25-29). Moreover, although
many laboratories have searched for antibodies
to hog intrinsic factor in the sera of refractory
patients, none has clearly demonstrated precipitating
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antibodies, and only one (13) has described a sig-
nificant correlation between the presence of hemag-
glutinating antibodies and the refractory state.

Several years ago, Taylor and Morton (30)
clearly demonstrated that rabbits immunized with
porcine or human intrinsic factor preparations
would produce antisera that would, when adminis-
tered with the appropriate intrinsic factor source,
inhibit the absorption of vitamin B,, in patients
with pernicious anemia. The present studies
were undertaken in the hope that systemic im-
munization with HIFC of nonrefractory patients
with pernicious anemia would provoke unequivocal
antibody production while, concomitantly, the re-
sponse of these patients to orally administered
HIFC could be ascertained. By means of such
observations, it was hoped that certain conclusions
could be drawn regarding the relationship of the
refractory state to the patient’s immunological
status. In addition, the serum antibodies re-
sulting from systemic immunization to HIFC
could be compared with those found in patients
refractory to HIFC.

The studies in rabbits herein reported confirm
and extend the findings of Taylor. Rabbits im-
munized with P-HIFC responded with the pro-
duction of antibodies capable of precipitating ap-
proximately 80% of the Co®-B,, bound to a
relatively pure preparation of porcine intrinsic
factor. Despite the presence of excess antiserum,
20% of the radio-B,, activity could not be pre-
cipitated. Further studies demonstrated that the
nonprecipitable vitamin B,, could not be bound
by liver homogenates, nor could it be absorbed
when fed to patients with pernicious anemia. It
was recognized, therefore, that this nonprecipitable
vitamin B;, was not bound to active intrinsic
factor, and probably existed in one of the follow-
ing forms: a) as free unbound vitamin B,,, b)
complexed with nonintrinsic factor-vitamin B,,
binding substances, ¢) bound to nonfunctioning
HIFC. Since, when dialyzed, the supernatant fluid
lost no Co®” activity, the vitamin B,, could not have
been free. When the supernatant fluid was sub-
jected to paper electrophoresis as previously de-
scribed, Co®" activity remained fixed at the ori-
gin. These findings suggest an immunologic in-
teraction of a vitamin B,, complex with rabbit
antibody. We feel that the most likely explana-
tion for the incomplete precipitation of Co®-B,,
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in this system is the presence, in rabbit antiserum,
of a variety of antibodies, some precipitating and
some nonprecipitating. Additional evidence that
the rabbit antiserum contains nonprecipitating
antibodies to HIFC is derived from the liver ho-
mogenate studies. Here the supernatant fluids
derived from the reaction between excess rabbit
antiserum and HIFC inhibited even the baseline
uptake of vitamin B,, by the homogenate that oc-
curs in the absence of intrinsic factor. This find-
ing implies the formation of soluble HIFC-anti-
body complexes that retain their ability to bind
vitamin B, but are incapable of attaching to ho-
mogenate receptor sites.

Because of the recognized stability of intrinsic
factor at alkaline pH (31), attempts were made
to recover intrinsic factor activity from HIFC-
rabbit anti-HIFC precipitates by dissolving the
latter in weak base. Nevertheless, the yield of
intrinsic factor activity, as demonstrated in the
liver homogenate system, was unimpressive. Al-
though the reasons for this were not fully investi-
gated, it is probable that most of the intrinsic
factor in the solubilized precipitate remains firmly
bound to antibody, and is therefore inactive.

The results obtained from the sequential incu-
bation studies may be interpreted as suggesting’
that the mechanism of action of rabbit antiserum:
in the liver homogenate system is to bind HIFC
in a soluble or precipitated complex and, thereby,
to prevent the intrinsic factor from attaching to
homogenate receptor sites. The partial suppres-
sion by rabbit antiserum of vitamin B,, uptake by
homogenate previously incubated in HIFC sug-
gests that antibodies can remove HIFC from re-
ceptor sites (i.e., that the bond between intrinsic
factor and receptor is not so strong as that be-
tween intrinsic factor and antibody), or that
HIFC, when complexed with antibody, cannot
subsequently bind vitamin B, efficiently.

The inhibition by rabbit antiserum of HIFC-
facilitated vitamin B,, absorption in man is pro-
found. That this is not a function of nonspecific
binding of the B,,-HIFC complex to antigen-
antibody precipitates was demonstrated by the
failure of BSA-rabbit anti-BSA precipitates to
inhibit vitamin B,, absorption.

Further evidence that this inhibition is specifi-
cally mediated by the reaction between intrinsic
factor and an antiintrinsic factor antibody is. the
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observation that when 10 ml of rabbit anti-HIFC
was incubated with 30 ml normal human gastric
juice, it reduced significantly the ability of the
latter to facilitate vitamin B,, absorption in a pa-
tient with pernicious anemia.® This patient ex-
creted in her urine 22.8 % of the orally adminis-
tered 2 pg Co®°-B,, when given with 30 ml nor-
mal human gastric juice, but only 5.45 % of this
dose when rabbit anti-HIFC was preincubated
with the human gastric juice. The cross reac-
tivity of human intrinsic factor with an antibody
to purified porcine intrinsic factor strongly sug-
gests that the physicochemical configuration of
that portion of the intrinsic factor molecule which
facilitates vitamin B,, absorption is similar in the
two species.

Despite the development (with immunization)
of skin sensitivity and of precipitating antibodies
demonstrable by agar diffusion techniques, two
patients with pernicious anemia continued to ab-
sorb vitamin B,, normally whenever oral HIFC
was administered. Nevertheless, postimmuniza-
tion sera from these patients inhibited hog intrinsic
factor activity in liver homogenates, prevented the
normal migration of Co%-B,,-HIFC complexes on
paper electrophoresis, and in one case, when ad-
ministered orally with HIFC to the serum donor,
completely suppressed vitamin B,, absorption.

Possible reasons for the inability of postimmuni-
zation serum from the other patient (J. W.) to
clearly suppress vitamin B,, absorption could not
be studied adequately because of the limited quan-
tity of serum available.

In most respects, the postimmunization human
sera closely resembled the immune antisera pro-
duced by rabbits. In contrast, sera from five pa-
tients previously proved refractory to oral HIFC
in no case contained demonstrable precipitating
antibodies to HIFC and, with one exception, did
not alter the migration of a Co®"-B,,-HIFC com-
plex on paper electrophoresis, or inhibit HIFC ac-
tivity in the liver homogenate system. It is sig-
nificant that the inhibitory serum “D” was ob-
tained at a time when the patient was receiving
oral HIFC. Subsequent sera from this patient
were inactive in electrophoretic and homogenate
systems. These findings suggest a) that perhaps

9 This urinary excretion study was carried out with the
aid of Dr. Louis W. Sullivan.
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an occasional patient receiving oral HIFC therapy
may develop serum antibodies similar to those
characteristically induced by systemic immuniza-
tion, b) that these serum antibodies persist only
transiently if HIFC is discontinued and that the
absence of such antibodies in the sera of the other
refractory patients may simply reflect disappear-
ance of antibody subsequent to cessation of oral
HIFC therapy, and ¢) that these antibodies are
labile and disappear with prolonged storage of
serum. At present, none of these possibilities can
be dismissed. It should be noted, however, that
serum “C” from patient L. W. had a much higher
hemagglutination titer than serum “D” from pa-
tient F.C. Both patients were receiving oral
HIFC when sera “C” and “D” were drawn.
Furthermore, these two sera were of approxi-
mately the same age when tested. Nevertheless,
only serum “D” modified the electrophoretic mo-
bility of HIFC and the ability of the latter to fa-
cilitate the uptake of vitamin B,, by liver homoge-
nates.

Recent observations (13, 26-29) demonstrate
that sera from a fraction of all patients with per-
nicious anemia, refractory as well as nonrefrac-
tory, contain antibody-like substances capable of
binding intrinsic factor and of interfering with
its ability to facilitate B,, absorption. The ac-
cumulated evidence to date does not clearly estab-
lish that sera from refractory patients are unique
either in the quality or quantity of antibodies con-
tained. The studies herein reported demonstrate
1) that systemic immunization with hog intrinsic
factor resulting in the formation of serum anti-
bodies detectable by a variety of techniques does
not, of itself, produce refractoriness, 2) that anti-
bodies to intrinsic factor must be present in the
lumen of the gut to prevent B,, absorption (a
judgment previously voiced by others (6, 29), and
it is probable that they do so by preventing the
attachment of intrinsic factor to receptor sites (a
possibility also previously expressed) (29, 32),
and 3) that the serum of the refractory patient
does not act in various i vitro systems like that
of patients who have undergone systemic immuni-
zation with hog intrinsic factor.

These studies, however, do not rule out an im-
munologic basis for the refractory state. The
possibility exists that preferential hyperimmuniza-
tion of the gastrointestinal tract may result in the
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presence of significant quantities of antibody lo-
cally within the lumen of the gut with little or no
“spill-over” into the systemic circulation. It has
been long recognized (33) that the concentra-
tion of antibody in the gastrointestinal tract may
bear no fixed relationship to its concentration
in the serum. An alternative possibility is that
refractoriness results from cellular immunity of
the tuberculin type unassociated with demon-
strable serum antibodies. A third, nonimmuno-
logic mechanism may be conceived: repeated oral
administration of heterologous intrinsic factor
may, in some manner, induce a change in the
mucosal receptors that interferes with the subse-
quent attachment of such intrinsic factor to re-
ceptor sites and, thereby, with its capacity to po-
tentiate vitamin B,, absorption. This possibility
is quite unlikely, as it would require perpetuation
of abnormal receptor sites on rapidly regenerating
mucosal cells in the absence of continued ingestion
of heterologous intrinsic factor.

SUMMARY

Two patients with pernicious anemia were in-
jected repeatedly with purified hog intrinsic fac-
tor concentrate (P-HIFC) until both developed
unequivocal evidence of sensitization manifested
by skin reactivity of the immediate type and pre-
cipitating serum antibodies. Nevertheless, no re-
fractoriness to orally administered hog intrinsic
factor was induced.

Postimmunization sera from both patients
closely resembled rabbit anti-HIFC serum in their
ability to 1) precipitate P-HIFC in agar diffusion
systems, 2) prevent the electrophoretic migration
of a Co%-B,,-HIFC complex, 3) suppress the
HIFC-enhanced uptake of vitamin B,, by liver
homogenates, and 4) inhibit vitamin B,, absorp-
tion, when administered orally with HIFC, in one
of two subjects with pernicious anemia.

In contrast, sera from five patients previously
proved refractory to oral HIFC contained no pre-
cipitating antibodies to HIFC and, with one ex-
ception, altered neither the electrophoretic migra-
tion of a Co®*-HIFC complex nor the vitamin B,,
uptake of liver homogenates.

Since there is no correlation, in the individual
patient, between the degree of systemic sensitiza-
tion to hog intrinsic factor and the ability of the
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latter to enhance vitamin B,, absorption, it is con-
cluded that the refractory state must be deter-

mined by local factors within the gastrointestinal
tract.
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