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Ad unusual opportunity wr.s afforded us to study the antibody con
tent of pathologic spleens from two patients who underwent splenectoayj 
one for spontaneous rupture of the spleen in infectious mononucleosis 
and the other for splenomegaly snd chronic thrombocytopenia.

We were unable to find significant information in the literature 

concerning the recovery of antibodies from human tissue except for a 

report by Aubert and Brendemoen^ who extracted hemagglutinins from a 

lymphomatous tissue obtained at autopsy from a case of acquired hemolytic 

anemia. Reports consulted on extracting antibodies from animal skin and 

lymph nodes following active immunization contained details on technic 

and relationship between serum and tissue antibody concentration. Our 
procedure for extracting human spleen is a modification of the method 

used by De Gara and Angevine^ in post-immunized animals.

MATERIALS AND METHODS
Splaen I was from a 60-year-old white woman first admitted in 1933 

to the Psychiatric Division of Wayne County General Hospital with a 
diagnosis of schizophrenia. Since then she had had several episodes of 
ecchymosis and associated rash of lower extremities. She was admitted 
to the general hospital in 1355 for profuse nosebleed of several hours 
duration. Physical examination disclosed numerous petechias of conjunctiva, 
skin of arms, trunk and legs and hepatosplenomegaly. Peripheral blood 
revealed a paucity of platelets (6,000 per cu. mm.). Bone marrow examin
ation revealed numerous large megakaryocytes with poor granulation. Hemo
globin was 10 Ga. per 100 ml. The serum contained cold hemagglutinin* in 
dilution of 1:32,768; direct and indirect Coombs' tests were negative.
Serum proteins were 7.3 Gm. per 100 ml. with 31.A percent albumin and 
36.A percent globulin as determined by paper electrophoresis. Presumptive



tests for cryoglobulin and macroglobulin were negative. Blood was of 
group 0 Rh positive.

The patient was treated for one month with ATCH and cortisone intra
muscularly but thrombocytopenia persisted. Following evidence of re
current. gastrointestinal bleeding and associated hypotension, splenectosy 
was performed. A large retroperitoneal lymphoid tumor was found beneath 
the pancreas. The patient died several hours following surgery.

The spleen weighed 540 Gm., was red-brown and firm. Histologic 
examination of the biopsy of the tumor mass revealed lymphocytic lymphoma.

Spleen II was from a 25-year-old white male intern who was admitted 
because of sudden diffuse left upper abdominal pain radiating to the left 
shoulder and associated with weakness and cold perspiration. He had been 
well except for mild anorexia beginning two weeks earlier. There was no 
history of recent mMeminal trauma. Physical examination revealed enlarged 
cervical, axillary and epitrochlear lymph nodes. The tonsils were also 
enlarged and edematous. The white blood count was 7,5000 with 50 percent 
neutrophiles, 45 percent lymphocytes and 5 percent monocytes. Most of the 
lymphocytes were atypical and characteristic of infectious mononucleosis.
The presumptive heterophile test was positive IsAJ&. The titer was 1:56 
after absorption with Guinea-pig kidney. Cold hemagglutinins were positive 
in dilution of 1:512. C-reactive protein was negative before surgery, be
came positive following surgery and was again negative at discharge.

Paracentesis yielded blood and splenectomy was performed 5 hours after 
admission. The patient made an uneventful recovery and was discharged.

The spleen weighed 550 Gm. There was a email lacerated along the 
posterior surface and at one point a hematoma had formed beneath the capsule. 

The capsule was tense; the parenchyma softer than usual, moderately congested
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and th* malpighlan follicle* were veil visualised. the blood was of 
group 0, Rh positive.

Spleen III was removed from a 15-yeer-old white boy because of 
trauaatic rupture. He vsa otherwise healthy. The spleen weighed 120 
Cfe. and except for a laceration of the anterior inferior surface it 
was normal. The patient was blood group A Rh positive.

Spleen IV was removed from a 35-year-old whit* woman incidental 
to partial esophagectomy for carcinoma of the esophagus. The spleen 
weighed 160 Gm. and was of normal configuration and appearance.

About one-half of each of these spleens was cut into slices 1 cm. 
thick within one hour of splenectomy. The slices were wrapped separately 
in oelloph*ne and frozen at 20° C.

Three aeparate studies were performed. First, weighed portion* of 
*ach spleen ware minced with a sharp knife, extracted with twice their 
volume of oold saline at 4° C. for 10 minutes. The supernate was removed 
after centrifugation and the residual splenic tissue was extracted one* 
more with the same volume of warm aaline at 22° C. for 10 minutes. The 
oold and warm saline extracts were then tested for cold hemagglutinin* 
with fre*h 0 MM Rh^ hr' + (CcDe) red cell* and for heterophile antibodies 
according to the method of Davidsohn.3 The results of these test* are 
lndlo*ted in Tabl* I. A* can be seen only spleen I yielded detectable 
cold antibodies and theae were in relatively low titer compered to th* 
serum level of 1*32,768. Heterophile antibodies could not be recovered 
from any of these spleens by any of the methods employed.

In th* second study weighed portions of each spleen were minced with 
a sharp knife and extracted for 72 hours at 4° C. with three times their 
volume of barbital buffer of pH 8.6 and ionic atrength 0.1. The supernate 
was teated as above and the result* are recorded in Table II. Again only
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Results of Serologic Testa on 10 Minute Saline Extract of Splenic Tissues*
TABLE I

Spleen
Gm
of

Spleen
Volume of 
Saline 
Used

Cold Agglutinin Heterophile
2 4 8 16 32 64 Presumptive

I 5.5
Warm
Extract 
11 ml

+ + + ♦ + •f -
Cold 
Extract 
11 ml

+ ♦ + + ♦ - -

II 5.3
Warm 
Extract 10.6 4

-

Cold 
Extract 
10.6 ml

-

III 3.2
Warm
Extract 
6.4 ml

-
Cold
Extract
6.4 ml

-

17 5.0
Warm
Extrect 
10.0 ml

-
Cold 
Extract 
10.0 ml

-

•Saline was mixed with diced spleen and shaken at 4° C. for 10 Binutes in 
s pipette shaker that Bade one cycle every second. After removal of cold 
saline the remaining tissue was resuspended in warn ealine and extracted 
for an additional 10 minutes at 22° C. in the a axe shaker apparatus.
Spleen I is from a patient with thrombocytopenia and splenomegaly, Spleen
II is from a patient with infectious mononucleosis and Spleens III and 17 
from incidentaily removed spleens considered as normal controls.



TABU II

Results of Serologic Testa on 72 Hour Barbitol Buffer Extract of Splenic Tissue*

Spleen Gm
of

Spleen
Barbital 
Buffer 
pH 8.6

Cold Agglutinin 
Titer

Heterophile
2 4 8 16 32 si Presumptive

I 4.7 U.l Ml + + + + + - -

II A.9 14.7 ml am

III 5.3 15.9 ml - - - - -

IV 5.3 15.9 «1 - - - - -

•Spleens were diced, mixed with buffer and placed at 4° C. for 72 hours sod then 
allowed to return to room temperature before centrifuging and testing.

spleen I yielded any antibodies and these were cold agglutinins, but ths 
titer waa only 1:32, one tube less than obtained in the first experiment.

As s final attempt portions of each spleen were diced and shaken with 
three ports of saline. This mixture was allowed to stand at 4° C. for 72 
hours before centrifuging and performing the testa on the supernste. The 
resulta are tabulated in Table III.

The remainder of theae extracts were resuspended and incubated at 37° 
C. for l£ hours. The same testa were repeated on the aupernate with the 
reaulta indicated in Table IV.
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TABLE III

Result* of Serologic Tests on 72 Hour Saline 
Extract of Splenic Tissue*

Spleen Gm
of

Splsen
Extract 

ml. of saline 
at room temp.

Cold Agglutinin Heterophile

2 4 8 16 32 64 128 Presumptive

I 4.4 13.2 ml. 4 4 4 + 4 + mm

II 4.4 13.2 ml. 4 1:4 **

III 5.1 15.3 ml. -

IV 4.4 13.2 ml. -

"Spleens diced and let stand 72 hours at 4° C. with saline and returned 
to room temperature before centrifuging and testing.

•♦After incubation at 4° C. overnight.
TABU 17

Results of Serologic Tests After Heat Incubation of Ssline 
Splenic Tissue Mixture From Table III***

Spleen
Cold Agglutinin Heterophile

2 4 8 16 32 64 128 Presumptive

I 4 4 + 4 4 4 4 -

II 4 4 4 - - - - 4 Ij8 **

III -

Vf -

***Spleens from Table III were resuspended in the remainder of the 
supernate and incubated at 3f C. for 1-J- hours. The tests were 
then repeated.

••After incubation at 4° C. overnight.

Spleen I is from a patient with thrombocytopenia and splenomegaly, 
Spleen II is from a patient with infectious mononucleosis and Spleens
III and IT from incidentally removed spleens considered as normal con
trols.
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RESULTS
The * mo art of cold hemagglutinin recovered fro* the pathologic 

spleens increased with prolonged saline extraction and hea+ incubation.
The barbitol buffer extract yielded lower concentrations of antibody 
than expected since proteins generally are very soluable in this buffer. 
One possible explanation was the high pH which nay not have been optimal 
for the agglutination studies. Heating of the resuspended salire-splenic 
mixture apparently liberated additional cold hemagglutinin* from the 
fragmented cells of spleen I. In spleen II oold hemagglutinins and 
presumptive heterophile antibodies were only demonstrated after prolonged 
saline extraction and incubation at 37° C. (Table III and IV). Identical 
extracts of control spleens were consistently negative in all tests.

DISCUSSION
Sine* both pathologic spleens were removed during the height of 

disease It was our belief that If they had participated in the production 
of cold hemagglutinins (spleen I and II) and heterophile (spleen II) anti
bodies than their extracts should contain these antibodies in high con
centration. From Tables I, II, III and IV it can be seen that this was 
not the case. Although the reasons for this apparent discrepancy are not 
known Seversl explanations come to mind.

Spleen 1 was removed from a patient with a large retroperitoneal 
lymphoma and it may have served only a passive role in production of 
Oold hemagglutinins* Since autopsy was not performed, tumor tissue was 
not available for analysis but it may have been actively producing cold 
hemagglutinins.

Aubert and Prendenoen reported a case of hemolytic anemia of the 
oold antibody type in a young woman who at autopay had a large retro
peritoneal lymphoma. Saline extracts of the tumor contained significant



concentration of cold hemagglutinins in comparable titer to serum levels 
but liver, spleen and kidney extracts vere negative for this antibody.
It seems spparent that this tumor was responsible for the serum cold anti
bodies that caused the hemolytic anemia. This case is oomparable to our 
patient with lymphoma and serves to stress the role some lymphomas may 
play in intinologic disorders.6 In view of the high serum levels of cold 
hemagglutinins found in our patient (1j32,768) it is entirely possible 
that blood trapped in the sinusoids of the spleen ves enough to give the 
titers obtained. An ittempt wee made to wash trapped blood from aplenie 
tissue in a pilot extraction and the first wash contained more Cold hemag
glutinin then subsequent extractions evsn after hest Incubation of splenic 
tissue and saline. These observations suggest that the antibodies we re
covered from spleen I originated from trapped blood rather than from the 
reticuloendothelial tissue of the spleen.

In spleen II the amount of antibody recovered was low but more nearly 
proportional to serum concentration. This patient had a serum titer of 
cold hemagglutinins of 1:512 and * presumptive heterophile titer of lt448f 
the splenic extrscts had titers of 1:8 and 1:8 respectively (Table I?).
Cold agglutinins in infectious mononucleosis have been observed by others. 
Rodstein® reported a case in which he called attention to this relationship 
but made no sttempt to recover the sntibody from tissue.

The low titer of tissue antibodies demonstrated in spleen II indicate 
that the reticuloendothelial system of the spleen is no mors active than 
elements of the RE system located elsewhere. Infectious mononucleosis is 
a generalised response of the reticuloendothelial system to an unknown in
fectious agent. The splsen therefore would contribute only a fraction of

the total antibody production. It is of interest that the response of the



spleen to the infectious agent whs of such intensity as to cause the 

spleen tc rupture spontaneously. "'hit observation and the apparent 

lov concentration of extracts bit* tissue antibodies implies that the 

hyperplastic reticuloendothelial system of the spleen wps persuing 

functions of body defense other then entibody production. Since the 

etiology of infectious mononucleosis is unknown enc the diseese has 

not been experimentally transmitted to man or animal,^ the role of 

heterophile antibodies in defense against infectious agents remains 

obscure. However, as with spleen I, trapped blood cannot be excluded 

as the source of antibody in spleen II, but washings of spleen II did 

not eontsiB demonstrable cold hemagglutinins or heterophile sntibodies. 

Absorption with Guines-pig kidney wes not done during this studv.

Absorption of antibodiea by particles of fragmented spleen cells 

oould also account for failure to extract high concentration of anti

body* In this regard, a String blendor was used in an ^arly attempt 

at extracting but no antibodies could be remonstrated. These extracts 

were turbid and OOuld not be cleared by long high speed centrifugation. 

Smears of +he extracts treated with Wrights' stein reveeled irregular 

pale eosinophilic particles 1-3 mu in diameter*

lack of antibody solubility would not account for the lov yield of 

antibody recovered in saline extrscts since both ccid hemagglutinins and 

heterophile antibodies are globulins and soluble in saline. The hetero

phile antibody hes electrophoretic mobility of gemma-globulin,^ but cold 

hemagglutinins are not gamma-globulins. Further more, De Gara and 

Angevine^ and Aubert and Brencemoen* were able to recover antibody in 

high concentration from animal and human tissue by aaline extraction.

De Gara and Angevine^ were able to recover tissue antibodies from 

animals actively immunised with bacteria in higher concentration than
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they found in the sera®. The ekin at the site of immunisation and 
regional lymph nodes were the first to ahov antibody formation and 
lymph nodes had more than other tissues* Ehrich and Harris5 believe 
the lymphocyte is the final site of antibody production and thst 
mcrophages prepare the sntigen for the lymphocyte* Wagner and Chase*c 
injected washed lymphocytes and splenic cells from dijitheria lsamnized 
rabbits into unimrurised rabbits and followed appearance and height of 
antibody titer. Antibody appeared in the injected rabbit as early as 
18 hours and increased through the 5th day. Of interest is the fact 
thst the corresoonding antibody wes not recovered from the donor cells.

further exoerimerts are being conducted which are designed to 
perfect the extraction technic and to obtain more conclusive results.

SUMMARY
Two surgically removed pathologic spleens were extracted with saline 

in sn attempt to reoover antibodies that were demonstrated in the serum 
of these patients* One spleen was from a patient with infectious mono
nucleosis with high titer cold hemagglutinins and heterophile antibodies 
oompllcsted by spontaneous rupture of spleen* The second spleen was re
moved from a patient who had chronic thrombocytoperia and retroperitoneal 
lymphoma and extremely high serum levels of cold hemagglutinins. As con
trols, two surgically removed apleens (one for traumatic rupture; and the 
other incidental to esophogectosgr) were subjected to the same extraction 
procedures.

Even though both spleens were removed st the height of diseese only 
low titers of antibody were recovered in saline extracts. No antibodies 
were recovered from control apleens* The possible reasons for failing to 
recover higher titers of antibody from the pethologic spleens sre discussed.
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