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Inhibition of Leukocyte Phagocytic Activity by Hypergammaglobulinemic 
Multiple Myeloma Plasma.” (26124) 

31. INGRAM ( With the technical assistapice of Rita llcDaniels, Bernice Morehouse 
and Gladys J-ettewich) 

dtoniic i?:nergy Project,  CnivPrsifg o f  R o r . h t ~ ~ f e r  .l4Pdicnl School,  Rochester,  N .  Y .  

This report presents preliminary studies on 
a phenomenon in which the phagocytic ac- 
tivity of peripheral blood leukocytes in an in 
z l i t ~ o  system is virtually completely inhibited 
by hypergammaglobulinemic multiple mj‘e- 
loma plasma. 

illaterials and methods.  The phagocytic 
activity of leukocytes is evaluated by means 
of a procedure used in this laboratory since 
1952 ( 1 ) . Briefly, heparinized blood is incu- 
bated with saccharated iron+ in a rotating 
plastic vial immersed in a water bath main- 
tained a t  37.5”C. After incubation, cover- 
glass blood films are pulled. Saccharated iron 
in the leukocytes is demonstrated by means 
of the ‘E’russian blue reaction and the prepa- 
rations are counterstained with basic fuchsin. 
For each sample, a minimum of 100 poten- 
tially phagocytic cells, i.e., granulocytes and 
monocytes, are classified individually as be- 
ing “marked” (containing one or more par- 
ticles of iron) or “unmarked” (containing no 
iron). 

‘The ratio of volume of blood to volume of 
ircn must be constant among the incubation 
mixtures ( 1 ) .  In  the present studies this ratio 
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is 100 volumes of blood plus one volume of 
iron, total volume of each sample being 2-5 
ml. 

T f  samples are aspirated from such an in- 
cubating system serially over a period of 
about one hour, the number of potentially 
phagocytic leukocytes which have failed to 
ingest iron is found to decrease exponentially 
with time. Thus, number of “marked” or 
“unmarked” phagocytic leukocytes per 100 
potentially phagocytic cells examined may be 
used as an index of rate of phagocytosis. 

This series of studies represents 13 patients 
with multiple myeloma (%Il l ) ,  6 of them 
with hyperproteinemia due to abnormally 
high levels of gamma globulin. Studies on 4 
patients with hypergammaglobulinemia due 
to disease other than M.M. are also included. 
l’lasma protein studies were carried out in 
the Special Determinations Laboratory, Univ. 
of Rochester bled. Center. Total protein de- 
terminations were made by means of the bi- 
we t  procedure and serum protein fractiona- 
tion by paper strip electrophoresis. 

The basic protocol utilized 4 cell-plasma- 
iron incubation mixtures. The patient’s cells 
were incubated in (1) patient’s plasma and 
( 2 )  normal Compatible plasma; cells from 
normal compatible blood were incubated in 
(3) their native plasma and (4) patient’s 
plasma. In some instances a fifth sample was 
included, consisting of the patient’s cells and 
plasma plus commercially available human 
gamma globulin containing 16.5 g % y globu- 
lin (Immune Serum Globulin) .$ Cells incu- 
bated in plasma other than their native 
plasma were first washed once with a small 
volume of the plasm2 in which they were to 
be incubated. 

The effect of diluting patients’ plasma with 

3 This material was kindly made available t o  
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TABLE I. I n  Pitro Phagocytosis by Granulocytes. 

Serum proteins ( g  VL) s-yo granulocytes ingesting Fe-, 
Total Total Total Pt. cells Pt. cells D. cells D. cells 

Patient protein globulin y glob. + Pt. pl." + I). pl. 4- Pt. PI. 4- D. pi. 

O.R. 
P.P. 
M.L. 
hT.F, 
F.S. 
73.A. 

N.W. 
73.C. 
:M . 8 . 
H.W.  

I.0. 
G.B. 
73.W. 

M.34 .I 
J.R." 
G.M." 
1C.B." 

M.M. with hypergammag.lobuliiieniia 
6.0 0 - - 10.9 - 

13 11.5 10.7 0 99 0 
9.7 7.8 6.8 1 100 1 

10.6 8.5 6.4 2.5 90 3.5 
12.0 9.3 7.5 0 100 1 
11.2 9.3 8.0 1 83 0 

9.4 6.1 .4 84 98 90 

9.7 t 6.7 .3 80 94 46 
8.1 t 5.2 1 .o 100 100 100 

7.0 2.1 .4 93 93 89 
6.3 2.6 .7 97 99 97 
6.8 2.9 .9 6 4 76 98 

7.7 4.2 2.4 100 95 91 
6.1 4.3 1.5 91 98 93 
5.6 3.3 1.6 65 100 86 
9.4 7.0 5.7 78 87 94 

M.M. with increased a or p globuliiis 

- 10.9 8.7 <.I 90 I00 

111 .M. wi thou t h y pcr p r o t einc nii a 

Absolutely o r  relutivt~ly increased y glohulin; not M.M. 

- 
51 
99 
98.5 
87 
80 

88 

79 
99 

87 
96 
96 

98 
'75 

100 
98 

I 

* Pt.  1 patient's; pi. = plasma; I). z normal compatible donor's. 
t Protein determinations on plasnia instead of serum. 

S j ogreil's syndrome ; chronic alcoholism and CNS atrophy ; lymphoma ; clironic liver 
diseasc. 

(11) 0.8576 NaCl solution and ( 2 )  normal 
compatible plasma was studied in experi- 
ments representing 3 myeloma patients with 
hypergarnmaglobulinemia. 

The possibility that multiple myeloma 
plasma might simply interfere with the I'rus- 
sian blue reaction was evaluated as follows: 
Cells which had been incubated with iroln in 
11.31. plasma were washed twice with normal 
plasma and suspended in normal plasma be- 
fore smears were pulled. No intracellular 
iron was demonstrable in these cells. The 
counterpart of this experiment was also car- 
ried out, i.e., cells which had been incubated 
with iron in normal plasma were washed twice 
with multiple myeloma plasma and suspended 
in it before smears were pulled. The intra- 
cellular iron in these cells was demonstrated 
just as vividly as in cells which remained in 
normal plasma. 

Results. Data are summarized in Tables 
I. 11, 111 and IV. The salient points are as 
follows: ( 1 ) Hypergammaglobulinemic mul- 
tiple myeloma plasma inhibits, almost com- 

by peripheral blood phagocytes from bolth 
healthy individuals and M.M. patients (Ta- 
ble I) .  ( 2 )  Plasma of M.M. patients with 
hyperproteinemia due to increased amounts 
of a or p globulins rather than y globulins 
does not inhibit ingestion of saccharated iron 
by peripheral blood phagocytes, nor is phago- 
cytosis inhibited by plasma of multiple mye- 

TABLE 11. Effect of Diluting M.M. Plasma with 
Saline or  Normal Plasma, Patient, F.S. Total pro- 

tein, 1 2  g %. y globulin, 7.5 g %. 

Yo patient's YO marked 
plasma yo dilueiit phagocytcs" 

S d ine  100 
d ilueri t 80 

40 
20 
1 0  
5 

Norimnl 100 
pl a s rri a 8 0 
diluerit 4 0 

10 
5 
0 

2n 

0 
20 
60 
80 
90 
95 

0 
20 
6 0 
80 
90 
95 

100 

8 
13  
83 
78 
52 
33 
3 
5 

68 
8 0 
81  
86 
91 

" Cells contairiing 1 particle or  more of sscchn- 
pletely, in z~itro ingestion of saccharated iron rated iron. 
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TABLE 111. Effect of Adding Tnimurie Seruni (+lobuIin (ISG) to Patients’ Cells and  Plasma 
and Saccliarstetl I r o n  I n  VVitro. 

g % y glob. ---Scruin proteins ( g  I-, {/P niarkecl phagocytes in:  after 
Plasnia ing  I S G  

~ . : i  t i  (’11 t Tot:il (;lobiiliiis 7 glol). oii1,v P1;isni;i oiily + TSG (calculated) 

F.S. 
S.F. 
1 J . S .  

S.1T. 
M.S. 

1.0. 
G.R. 
En‘. 

9.4 
8.7 
8.9 

3.6 
2.4 

2.1  
2.2  
3.6 

x 3 r .  I .a 4.0 2.4 
J.H. ti.] 4.3 1 .;i 
(i.11. 5.G 3.3 7 . t i  

r -  9.5 88 ,5.4 
91 2 0 4.2 
65 23 4.4 

+ llulti1)le m ~ c ~ l o n i : ~ .  

loma patients with normal total plasma pro- 
tein levels (Table I ) .  ( 3 )  Hypergamma- 
globulinemic A1.M. plasma diluted with nor- 
mal plasma or saline is entirely capable of 
supporting brisk phagocytosis. Results rep- 
resenting the two types of dilution studies 
may be compared in Table TI. The  percent- 
age of phagocytes ingesting saccharated iron 
increases progressively as the proportion of 
normal plasma increases, reaching a niaxi- 
mum in 100% normal plasma. Diluting the 
abnormal plasma with saline also increases 
TABLE IV. Effect of Adding lniiiiuiie Seruiri 
Globulin ( ISG)  to Normal Blood and Saccharatecl 

Iron In Pityo. 

(70 marked phagocptes 
Normal Plasnia Plnsnin y glob. a f te r  

donor No. only + TSG adding I S G  

1 88 
2 89 
3 100 
4 95 

95 
9 .j 

5 ! I 9  
! I 9  
9 9 
9 9 

3 
3 
3 
1 .t‘ 
1 .(i 
4..j 
3 
3.4 
4 
5 

* Protein fractioiiatioii stiidics \verca not ca  ri.icvl 
oilt 011 earlier rioriiial I ~ l i l s l l l a  s:i i i i~iIw. ‘I’liesr :in’ 

assunid  to  contain approximately 1 g y globu- 
lin. Nomial  raiige in Special Iktcrminat ioi is  I ,a l ) -  
oratory is 0.6-1.7 g 70. 

phagocytosis. In saline dilutions, however, 
a minimum of about 20% patient’s plasma 
appears to be necessary for optimum phago- 
cytic activity. Although results of plasma 
dilution studies for 3 hypergammaglobuli- 
nemic ni1.M. plasmas studied in this way are 
similar, further studies must be completed to 
determine how consistent the shapes of the 
dilution curves may be from one plasma 
specimen to another. ( 4 )  Addition of com- 
mercially available immune serum globulin to 
the plasma of multiple myeloma patients with 
hypergammaglobulinemia fails to promote in- 
gestion of saccharated iron by granulocytes 
(Table 111). Furthermore, phagocytosis is 
depressed by addition of normal gamma glob- 
ulin to multiple myeloma plasma which is not 
hyperproteinemic or in which hyperprotein- 
emia is due to increased amounts of alpha olr 
beta globulins rather than gamma globulins. 
Addition of normal y globulin to normal 
plasma inhibits ingestion of saccharated iron 
by phagocytic leukocytes only in concentra- 
tions greater than about 5 g% (Table I V ) .  
This is in distinct contrast to the concentra- 
tions of only 2 to 3 g% required to inhibit 
phagocytosis in M.M. patients without hy- 
perproteinemia. ( 5 )  Incubating particles 
with commercial immune serum globulin be- 
fore exposing them to blood cells in vitro did 



SOME CHARACTERISTICS OF PARA-MUCUS SECRETION 407 

not inhibit phagocytosis in the few instances 
in which i t  was tested. 

Discussion and conclusions. This report is 
intended to describe a new observation. Spec- 
ulation about the ultimate significance of vir- 
tually complete inhibition of leukocytic pha- 
gocytosis in hypergammaglobulinemic mul- 
tiple myeloma (M.M.) plasma in vitro is 
clearly unwarranted at present, but a few ten- 
tative conclusions are justified: (1) De- 
pressed phagocytic activity is directly attrib- 
utable to the y globulin fractioin in M.M. 
plasma and not to a cellular defect. ( 2 )  
Plasma from M.M. patients with hyperpro- 
teiinemia due to increased levels of u or p 
globulins, or from patients with hypergamma- 
globulinemia due to disease other than M.M. 
does not inhibit leukocyte phagocytic activ- 
ity. (3 ) Inhibited phagocytosis appears not 
to  be solely a function of total gamma globu- 
lin level. This is most clearly demonstrated 

by the relatively low levels of y globulin 
which inhibit phagocytosis in plasma of M .Me 
patients without hypergammaglobulinernia or 
hyperproteinemia; most notably when y 
globulin levels are lower than nosmal. (4) 
Since the inhibitory effect of hypergamma- 
globulinemic M.M. plasma may be decreased 
or abolished by diluting the abnormal plasma 
with normal plasma or isotonic saline, the ef- 
fect is not due to a simple deficiency. Speci- 
fically, the inhibitory phenomenon appears 
nolt to be due to a deficiency of normal gamma 
globulin. (5)  Studies of the phenomenon are 
continuing. 
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Some Characteristics of Para-Mucus Secretion.* (26125) 
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I t  has been reported from this laboratory 
that the topical application of iodoacetamide 
(IAA) or N-ethyl maleimide (NEM) solu- 
tiolns to the mucosa of canine gastric pouches 
will evoke a flow of mucinous secretion for 
many hours( 1 ) .  This material had never 
been recognized before, and because its physi- 
ological significance is still unknown, i t  was 
designated “para-mucus” ( 2 ) .  Exploratory 
experiments on the pepsin content of para- 
mucus indicated that the zymogen is present 
in appreciable quantities, and that it is prob- 
ably a significant component in chemical char- 
acterization of this mucinous secretion. This 

* This work was supported by grant from Nat. 

t Fello~v of ‘( Gonsijo National cle Invest. Clirii- 

$ Presciit address: Tnst. Nacioiial tle la  Rolutl, 

5 Fellow of Williams Foundation, Buenos Aires, 

- 

(hrrver Jiist., 1J.S.P.H.R. 

tif.,  Ruenos Aires, Arg.” 

Rariios Mejia, Biieiios Aires, Arg. 

Ar g. 

report presents a systematic study of the vari- 
ations in pepsinogen content of para-mucus, 
using specimens collected fractionally every 
30 minutes for 6 hours following topical ap- 
plication of IAA solution to the gastric mu- 
cosa in dogs with a Heidenhain pouch and 
antrectomy. Several other characteristics of 
this material are presented here. 

Material and method. Four Heidenhain 
pouch dogs, provided with an antrectomy, 
were used in these experiments. The antral 
resection was performed to insure the vir- 
tually complete absence of HC1 secretion in 
the fasting state, in accordance with previous 
experience in this laboratory (3) . Each dog 
was subjected to the follolwing 2 types of 
experiment: A) Histamine stimulation : Dogs 
were starved for a t  least 18 hours before ex- 
periment, and unstimulated (basal) secretion 
was collected for 2 hours, a t  60-minute inter- 
vals. Following this, histamine was admin- 
istered subcutaneously (0.1 mg of histamine 


