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ABSTRACT

In this study , the levels of bone marrow-derived (B) 
lymphocytes, thymus-derived (T) lymphocytes, and their 
responses to mitogens were determined. Rheumatoid 
arthritis (RA) patients and normal humans were chosen for 
comparison. Highly purified suspensions of lymphocytes were 
separated from the peripheral blood. The percentages of B- 
lymphocytes, determined by anti-Ig Immunofluorescence in RA 
patients were not different from normal controls. The per
centages of T-lymphocytes were enumerated by spontaneous 
rosette formation with sheep red blood cells in three 
categories, namely active, early, and late rosettes. In RA 
patients none of the rosette percentages was found to be 
significantly abnormal. Within each group, there were no 
significant differences among the values of active, early, 
or late rosettes. Using a whole blood transformation tech
nique, the mitogenic,response to phytohemagglutinin (PHA) in 
RA patients was significantly lower than in normal controls.
In unstimulated control cultures, significantly lower uptake 

3of H-thymidine was seen in RA patients. No abnormality was 
found in the responsiveness of RA leucocytes to pokeweed 

- mitogen (PWM) and concanavalin-A (Con-A). A possible
explanation for the decreased PHA response in RA patients 
could be the occurrence of suppressor substances in

vii
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autologous plasma. Another possibility could be the daily 
use of analgesics by RA patients involved in this study.



INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory 
disease of humans which can proceed to the development of 
permanent joint deformities. The diagnosis of early phase 
RA is extremely difficult. However, the diagnosis and 
classification can be achieved by carefully following the 
criteria established by the American Rheumatism Association 
for rheumatoid arthritis and various rheumatic diseases 
(1 , 2).

The principal lesions of RA are found in the joints 
and, to a lesser extent, in the related tissues such as 
tendons and their sheaths, bursae and periarticular sub
cutaneous tissues (1) .

Rheumatoid inflammation is generally characterized 
by three main processes:

■ 1. Exudation into the synovial space close to margins 
of the articular cartilage along synovial lining 
cells and extending into adjoining swollen tissues.

2. Cellular infiltrations including small lymphocytes 
in early lesions, plasma cells in older lesions, 
monocytes, polymorphonuclear leucocytes, and multi
nucleated giant cells.

3. Proliferation of blood vessels and synovial fibro
blasts in areas of cellular infiltration accompanied



by multiplication and enlargement of synovial 
lining cells

These three processes can account for the develop
ment of the thickening of synovial tissue and the formation 
of dense nodules of mononuclear cells around blood vessels. 
These mononuclear cells actively synthesize immunoglobin, a 
process that may perpetuate the series of immunologic 
reactions thought to underlie rheumatoid inflammation (1, 3).

The etiology of rheumatoid arthritis is still 
obscure. Many attempts have been made to explain the 
pathophysiology of the disease.- These studies have examined 
heredity, nutrition and metabolism, the endocrine system, 
emotional trauma, infectious agents, and auto-immunity.

In 1970, Lawrence and Oration (4) suggested that 
there were familial, probably genetic, factors in RA. The 
occurrence of multiple cases of RA within families has been 
reported, and similar findings are seen in monozygous and 
dizygous twins.

Muirden (5, 6) demonstrated that there was a direct 
correlation between iron deposits in the synovial membrane 
and the degree of anemia in RA. These iron deposits may 
lead to decreased lysosomal membrane stability facilitating 
the release of tissue damaging enzymes. In addition, the 
iron content of lymph nodes draining inflamed joints of RA



patients was significantly greater than in normal lymph' 
nodes.

Harris and co-workers (7), in cultures of rheumatoid 
synovium, found a collagenase which was capable of de
stroying native collagen fibrils and collagen in solution. 
This collagenase may cause some of the membrane changes seen 
in joint tissue. Antibodies to collagen were reported in 
RA patients possibly resulting from extensive damage to 
collagenous tissues. These antibodies are usually specific 
for denatured collagen and in some instances for native 
collagen as well (8).

Increased susceptibility to infections in patients 
with RA, even before the onset of clinical manifestations, 
suggests an infectious etiology. After diagnosis of the 
disease, the use of steroids and immunosuppressive agents 
in RA treatment contributes to susceptibility to infections. 
Mowat and Baum in 1971 (9) demonstrated that leucocytes from 
RA patients showed a poor chemotactic response due to the 
phagocytosis of immune complexes. Decreased IgM antibody 
responses to sheep red blood cell stroma and brucellin were 
reported (10). RA patients have lower serum and synovial 
fluid bacteriolytic activity than normal controls or osteo
arthritis patients (11). Accelerated catabolism of immuno- 
globins in RA has been reported (12). Whether or not these 
observations are relevant to the problem of infections in 
RA is not clear.



Huskisson and Hart in 1972 (13) suggested that a
variety of organisms and recurrent infections might be the 
cause of the deterioration and the development of other 
complications in patients with severe RA. Similar findings 
were shown by Russell and Ansell (14) in patients with 
septic arthritis. In contrast, Mowat and Baum (9) reported 
no significant difference in the frequency of bacteriuria 
in RA patients versus normal controls. The overwhelmingly 
negative results of bacteriologic studies have focused 
attention on mycoplasma and viruses as strong candidates in 
the pathogenesis of the disease. Mycoplasma readily produce 
synovitis in mammals other than man, and at.least in swine, 
mimic much of the pathology seen in human disease (2). A 
few investigators have isolated mycoplasma from rheumatoid 
synovium and synovial fluids but most others have failed 
(2). Several investigators have sought proof of an etio- 
logically significant viral infection but no evidence of 
replicating microbial agents nor chronic viral infections 
has been found (15, 16, 17, 18).

Despite the lack of progress in identifying the 
cause of rheumatoid arthritis, there is considerable evi
dence implicating a humoral immunologic mechanism. Hedberg 
(19) and Pekin and Zvaifler (20) showed a decrease in 
hemolytic complement (CH50) levels in RA synovial fluid 
when approximately corrected for protein content. Ruddy and 
co-workers (21) demonstrated a striking decrease in



complement components Cl, C2, C3, and C4 in the joint fluid 
of patients with positive tests for rheumatoid factor. The 
decrease in complement levels in synovial fluid concomitant 
with normal levels in the serum suggest that an immunologic 
mechanism is involved in rheumatoid synovitis. Polymorpho
nuclear leucocytes in synovial fluid contain ingested 
immunoglobins (22). Vaughan and his colleagues (2 3) have 
shown that these inclusions contain rheumatoid factor and 
sometimes complement component C3. Rheumatoid arthritis 
has been classified among the "diseases of autoimmunity" 
because of the presence of rheumatoid factor, or anti-gamma 
globulin, in the sera of many patients with.this disease. 
Rheumatoid factor has been found in three major classes of 
immunoglobin (IgG, IgM, IgA), with activity existing most 
often in the IgG and IgM classes.

IgG rheumatoid factors (IgGL^) react with antigenic 
determinants in the Fc region of autologous IgG bound 
complement to form intermediate complexes that sediment 
between 7S and 19S. These complexes in turn are capable of 
reacting with I g M ^  to form (IgG^ - I9G)CjgMRF (3, 24). 
Through this activation of the complement sequence in 
rheumatoid arthritis joints, complement-derived chemotactic 
factors attract polymorphonuclear leucocytes which migrate 
into the joint spaces. Phagocytosis of immune complexes by 
these polymorphonuclear cells and by the lining cells of the 
synovium leads to release of the hydrolytic enzymes



responsible for joint inflammation and degradation (1, 2,
3, 24). The initiation of this chain of reactions requires 
the participation of local antigen, the character of which 
is presently unknown.

Cellular immunity has also been suggested as a ,prime 
factor in the induction of experimental models of chronic 
immune arthritis (25, 26). Frequently, perivascular mono
nuclear nodular clusters are found in the deep layers of 
rheumatoid synovium. In these clusters of mononuclear 
cells, blast cells, or developing blast cells, are frequently 
seen. It is well established that blast cells resulting 
from antigenic stimulation of thymus-derived lymphocytes 
elaborate macrophage migration inhibitory factor (MIF), one 
of the effector substances of delayed-type hypersensitivity. 
Bacon and associates (27), using the leucocyte migration 
test, showed that RA patients possessed cell-mediated 
immunity to antigens present in rheumatoid synovium, but 
not to antigens present in psoriatic and osteoarthritic 
synovium. This suggests that cell-mediated immune mech
anisms may play a role in the pathogenesis of rheumatoid 
synovitis. Kinsella (28) demonstrated that the majority of 
rheumatoid synovial fluids could induce significant trans
formation of autologous lymphocytes in vitro ; non-rheumatoid 
fluids did not. If a similar reaction occurs in vivo, 
intra-articular lymphocyte transformation could result.



thereby perpetuating the lymphoid hyperplasia and inducing 
chronic synovitis.

The existence of two major types of lymphocytes has 
been well established. Bone marrow-derived (B) lymphocytes 
which bear readily detectable membrane-associated immuno- 
globin (Ig) can be demonstrated by using fluorescein- 
conjugated anti-immunoglobin reagents (29, 30). B- 
lymphocytes also have surface receptors for the third com
ponent of complement and can be detected by rosette forma
tion using antibody and complement-coated erythrocytes as 
indicators (31). The second type, thymus-derived (T) 
lymphocytes, can be distinguished by their surface antigens 
(32), and by spontaneous rosette formation with sheep red 
blood cells (SRBC) (33). In recent studies involving T- 
lymphocytes rosette formation, Wybran and Fudenberg (34) and 
Wybran, Chantler, and Fudenberg (3 5) introduced the "active" 
rosette. Other workers describe their rosette formation as 
"early" or "late" according to time of incubation after 
physical contact between SRBC and lymphocytes. Sex and age 
had no effect on the percentage of rosette-forming cells 
(RFC) (35-39). '

Studies of human T- and B-lymphocytes and evaluation 
of their functions in rheumatoid arthritis have received 
wide attention in recent years. These reports have con
centrated on both peripheral blood and synovial fluid 
levels. Table 1 summarizes the findings.



Table 1. Literature Survey of Bone Marrow-Derived (B) and
Thymus-Derived (T) Lymphocyte Levels in Rheumatoid 
Arthritis (RA)

•B-Lymphocytes T-Lymphocytes

References
Peripheral

Blood
Synovial
Fluid

Peripheral
Blood

Synovial
Fluid

Papamichail 
et al. (29) t - - -
Yu et al. 
1974 (36)

Normal
Normal -

Normal
Normal13 -

Fr^land, Natrig 
and Husby 1973 
(37) Normal - !a
Zeiders et al. 
1973 (40)

Normal0 f * d ' -
Normal0d -

Mellbye et al. 
1972 (41)

Sum of .* 
B-Cells *■ , > a - -

Williams et al. 
1973 (42) Slightly! -

Severe Case!
Less Severe - 
Case-Normal

Clements, Levy 
and Barnett 
1973 (43)

Normal-j-* 0 - - -

Durance, Micheli 
and Pallet , . 
1974 (44) Normal
Keith and 
Currey 1973 
(45) Normal Normal3
Hurd, Giuliano 
and Ziff 1973 
(.46) ie — !e —

*Significant difference from normal healthy 
individuals„

^Comparison to peripheral blood from same individual.
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Table 1.--Continued

^RA patients receiving Azathioprine therapy.
CRA patients without Vasculitis.
^RA patients with Vasculitis.
eRA patients receiving Cyclophosphamide therapy. 
1 Above normal value.
4- Below normal value.



10
Papamichail, Brown, and Holborow (2 9) reported an 

increase in the proportion of peripheral Ig-bearing cells in 
active rheumatoid arthritis with a mean value of 31%.
Similar findings were reported by Zeiders and co-workers
(40) who found a higher number of B-lymphocytes in the 
peripheral blood of RA patients with vasculitis as compared 
to normal subjects. In contrast, several other investigators 
(36, 37, 41-45) have found no abnormalities in the propor
tion of peripheral B-lymphocytes. However, Mellbye et al.
(41) reported that the sum of percentages obtained from the 
three immunoglobin classes of B-lymphocytes, and the per
centage of lymphocytes carrying C3 receptor in rheumatoid 
arthritis, were significantly lower than those in normal 
controls. Azathioprine therapy was not seen to affect 
peripheral B-lymphocyte levels (36, 45). In further con
trast, two different groups of investigators (43, 4 6) re
ported a significant B-lymphocyte decrease in RA patients, 
but therapy appears to have caused this reduction. B- 
lymphocytes in synovial fluid have been determined by one 
group of investigators (41) and increased levels were 
reported in comparison to autologous peripheral blood levels.

Increased T-lymphocyte percentages in the peripheral 
blood of RA patients have been reported by Fr^land et al. 
(37). Others (36, 40, 42, 45) have not found abnormal T- 
cell levels, except in severe cases (42). Azathioprine 
therapy did not change these levels (36). Decreased
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peripheral blood T-lymphocyte percentage in RA have been 
reported by two investigators (40, 46). In one of these 
studies (40), the decrease was seen only in patients with 
vasculitis. In the other (46), patients were receiving 
cyclopasphamide therapy. T-lymphocyte levels in RA synovial 
fluid have been reported to be elevated in one study (37) 
and normal in two others (4 5, 47).

Another means of distinguishing lymphocyte sub
populations is through their in vitro responsiveness to 
certain mitogenic agents: phytohemagglutinin (PHA),
Concanavalin-A (Con-A), and pokeweed mitogen (PWM). PHA 
and Con-A stimulate T-lymphocytes while PWM. stimulates B- 
lymphocytes (31). The responsiveness of RA lymphocytes to 
PHA, PWM, and Con-A has been investigated (28, 4,8, 49, 50). 
Kinsella (2 8) also employed autologous synovial fluid as a 
specific antigenic stimulant.

The results of such experiments reveal absence of 
functional deficits in T- and B-lymphocyte subsets. PHA 
responsiveness of circulating RA lymphocytes was reported to 
be normal by Kinsella (28) and by Waxman et al. (49). In 
addition, MSnard, Haim, and Peltier (4 8) found that the 
PHA-indices in RA patients were half the value of normal 
controls but not significantly different. In contrast, a 
significantly decreased response of RA patients to all three 
mitogens (PHA, PWM, and Con-A) was reported by Lance and 
Knight (50).
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It is evident that conflicting results exist not 

only in T- and B-cell levels in RA patients, but also in 
the xnitogenic responses to PHA, PWM, and Con-A. Therefore, 
the purposes of this study were:

1. To determine, compare, and contrast the percentages
/

of T- and B-lymphocytes in peripheral blood from 
rheumatoid arthritis subjects and healthy indi
viduals .

2. To determine the 'hiitogenic responses of RA and 
normal lymphocytes to PHA, PWM, and Con-A, thereby 
detecting functional abnormalities or absences of 
lymphocyte subpopulations (5).

3. To compare results of this study to.those of others 
hoping to explain some of the discrepancies which 
now exist.



MATERIALS AND METHODS

Animals
Male, albino New Zealand rabbits weiging between 3 

and 4 kgs were used to produce rabbit anti-human IgG sera. 
Rabbits were housed individually, and were fed Purina 
rabbit chow, cabbage, and tap water, ac3 libitum.

Preparation of Purified Human IgG 
The method employed was described by Campbell and 

co-workers (51). Briefly, pooled fresh human sera were 
collected from four healthy individuals. Gamma globulin 
was isolated from serum by three precipitations with 
ammonium sulfate at a final concentration of 33% saturation. 
The ammonium sulfate was then removed from the precipitate 
by dialysis against 0.15 M NaCl followed by 0.01 M sodium 
phosphate buffer, pH 7.4. Further separation of fast and 
slow electrophoretic mobilities of 7S gamma globulin (IgG) 
was obtained by ion exchange using a rapid two-stage batch 
procedure employing DEAE-Sephadex A-50 (coarse) described 
by Baumstark, Baffin, and Bardawil (52).

Immunoelectrophores is 
Immunoelectrophoresis was performed using the 

Buchler model 3-1014 A apparatus. Purified samples and 
whole human serum were separated on 20 cm x 2 0 cm glass

13
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plates using 1% Noble agar in sodium barbital buffer (pH 
8.5, ionic strength 0.1) for two hours at 75 ma constant 
current. Separated samples were then incubated for two days 
at room temperature against rabbit anti-whole human serum. 
Excess protein was removed from the gel by repeated washing 
with 0.15 M NaCl over a 48 hour period. The plates were 
dried and stained with 1% amidoschwartz stain.

Determination of Protein 
Protein quantitation was based on the method of 

Lowry as described in Campbell et al. (51). The protein 
standard used was crystalline bovine albumin (assayed 
potency 10 mg protein nitrogen/ml) containing no preserva
tive (Armour Pharmaceutical Company, Kankakee, Illinois; 
lot no. Y 2905).

Production of Rabbit Anti-Human IgG Serum 
Three rabbits were each immunized subcutaneously at 

multiple sites on the back with 0.2 ml/site of 2 ml purified 
human IgG (2.01 mg protein/ml) emulsified in an equal volume 
of complete Freunds' adjuvant (Difco Laboratories, Detroit, 
Michigan; control no. 498179). All animals were boosted 
subcutaneously at the first, second, and third week with the 
same amount of human IgG emulsified in incomplete Freunds' 
adjuvant. The rabbits were exsanguinated 7-10 days later. 
The sera were fractionated to obtain IgG fractions (as



15
above) and their protein content was determined as described 
earlier.

Selection of Human Subjects 
Classical or definite RA patients (American 

Rheumatoid Association criteria) were selected by a group of 
physicians at Holbrook-Hill Medical Group, Tucson, Arizona.

Heparinized peripheral blood specimens were received 
blindly, numbered, and processed without knowledge of the 
donors' backgrounds. The normal subjects were age-matched 
with the patients studied. Consent forms approved by Human 
Subjects Committee appear in Appendix A.

Separation of Lymphocytes .
Mononuclear cell-rich suspensions were separated 

from whole blood using methods similar to those described by 
Harris and Ukaejiofo (53) and Wybran et al. (35). Approxi
mately 15-20 ml of lithium heparinized peripheral blood was 
overlayed on 10 ml of a mixture of aqueous 9% ficoll (24 
parts) and 34% isopaque solution (10 parts). The layered 
blood was centrifuged at 400 x g for 20 minutes at room 
temperature. A suspension of leucocytes was collected from 
the white layer at the interface. This suspension was in
cubated at 37°C for one hour in a 300 ml prescription bottle 
(flat side down). This procedure was repeated two more 
times. This technique was designed to separate glass
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adhering cells such as monocytes, and granulocytes from the 
suspension.

The purity of the above cell suspension was deter
mined by the latex particle technique. In a Leighton tissue 
culture tube (8 x 1.75 cm, Bellco, U.S.A.) containing 1 x 5  

cm coverslip, two ml of the above cell suspension containing 
4.0 x 10  ̂ cells were incubated with 0.1 ml balanced salt 
solution containing 4.0 x 10  ̂ polystyrene latex particles 
(Dow Chemical Company, Midland, Michigan; run no. LS-061-A, 
particle dia 0.365 + 0.0079 y) at 37°C for one hour. The 
supernatant of this mixture was then gently resuspended and 
transferred to the second Leighton tissue culture tube. The 
same"process was repeated two more times. The final cell 
suspension was centrifuged at 200 x g for 10 minutes, and a 
smear was made from the cell pellet. The coverslip from 
each culture tube was washed gently and rinsed in warm 
balanced salt solution, fixed in absolute methanol, and 
stained with Wright stain. The percentages of cells phago- 
cytizing polystyrene latex particles, non-phagocytizing 
monocyte-type cells, and lymphocytes were determined by 
counting 200-500 cells with the aid of a light microscope.

Indirect Immunofluorescence Staining
Lymphocyte suspensions were washed three times with 

0.15 M NaCl (10 minutes at 400 x g); 2.0 x 10^ lymphocytes 
in 0.1 ml were incubated with 0.1 ml rabbit anti-human IgG
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(1:2 dil in phosphate buffered saline [PBS] pH 7.4) for two 
hours at 4°C followed by three washes with 0.15 M NaCl. 
Fluorescein isothiocyanate (FITC) conjugated goat anti
rabbit IgG (Miles Laboratories, Inc., Research Products 
Div., Kankakee, 111.; lot no. 15, potency 15.6 mg antibody 
protein/ml) at a 1:4 dilution in 0.1 ml PBS was added to the 
washed cells, and incubated for one hour at 4°C with mixing 
at intervals. Cells were washed two times with 0.15 M NaCl 
and resuspended in 0.05 ml 90% glycerol in saline. A small 
drop of the final cell suspension was put on a glass slide, 
cover-slipped, and sealed with vaseline. The slides were 
checked for fluorescent cells under a fluorescence micro
scope (Fluorolume Illuminator model 645, exciter filters no. 
693, 695, and 702). Two hundred cells were counted, and the 
percentage of fluorescing cells was determined. Two 
negative controls were employed: a lymphocyte suspension
incubated with FITC-conjugated goat anti-rabbit IgG (as 
above) and a second lymphocyte suspension incubated with 
rabbit anti-rat IgG (Microbiological Associates,
Bethesda, Maryland; lot no. 13136) which, after washing with 
0.15 M NaCl, was incubated with FITC-conjugated sheep anti
rabbit globulin (Colorado Serum Company,Laboratories,
Denver, Colorado; lot no. 19).
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Rosette Formation Technique 

The capability of T-lymphocytes to form rosettes 
spontaneously by binding SRBC to their surfaces was used to 
enumerate T-cells in human peripheral blood (54, 55). Early 
and late rosettes have been described by several investi
gators (34, 36). The method employed here was similar to 
these investigators with slight modifications. Three tubes 
were set up. To. each tube was added 0.1 ml 0.15 M NaCl 
containing 1 x 10** lymphocytes and 0.1 ml heat inactivated, 
fetal calf serum (PCS).

Active Rosettes
The first tube was incubated for one hour at 37°C,

nand 0.1 ml containing 1.0 x 10 washed SRBC in 0.15 M NaCl 
was then added. The mixture was centrifuged at 400 x g for 
5 minutes. It was immediately rotated gently until the 
pellet was completely resuspended. One drop of this sus
pension was transferred with a Pasteur pipette to a small 
saline pre-wetted area (about 2 cm in diameter) of a glass 
slide.

Early and Late Rosettes
7One tenth ml of 1.0 x 10 washed SRBC was added to 

the second and third tube. They were immediately centri
fuged at 400 x g for 5 minutes. Both tubes were then in
cubated at room temperature for one hour. A slide was pre
pared from the second tube (as above) and was designated as
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the early rosette slide. The third tube was further in
cubated at 4°C for 24 hr without dispersing the cell pellet. 
The rosette slide prepared from this tube (as above) was 
designated as the late rosette slide.

All slides were allowed to air dry, fixed in 
absolute methanol for 1-2 minutes, stained with Wright 
stain, and cover slipped. Duplicate slides were made from 
each tube.

The percentage of rosette forming cells (RFC) was 
determined by counting 1000 or more cells from each slide 
with the aid of a light microscope using the oil immersion 
objective. A RFC was defined as a lymphocyte binding at 
least 4 SRBC.

Lymphocyte Transformation Study
The method employed in this study was similar to 

that of Han and Pauly (56). Lithium heparinized human 
peripheral blood was diluted 1:30 with RPMI 1640 tissue 
culture medium (Grand Island Biological Company, Grand 
Island, New York and Berkeley, California; control no. 
330049) containing 50 units penicillin and 50 units strepto
mycin per ml (penicillin-streptomycin mixture, 50 00 units 
each per ml. Microbiological Associates Inc., Bethesda, 
Maryland; lot no. 832 88). Each mitogen was set up in quad
ruplicate, with three ml aliquots of each cell suspension 
per tube. Respective tubes contained: 75 yg PHA-P (0.1 ml
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of 1:20 dilution, Difco Laboratories, Detroit, Michigan; 
lot no. 311057), 10 ug Con-A (0.1 ml of 1:500 dilution; 
Calbiochem, San Diego, California; lot no. 210073) , 0.5 mg 
PWM (0.1 ml of 1:5 dilution of reconstituted product. Grand 
Island Biological Company, Grand Island, New York; lot no.
A 232505), or no additive.

The tightly stoppered culture tubes were placed in
an upright position at 37°C for 96 hours undisturbed, at

3 3which time each tube received 1 i_tCi H-thymidine ( H-TdR
specific activity 8 Ci/m mole; Schwarz-Mann, New York; lot 
no. YR 2753). After mixing well by flicking, each tube was 
returned to 37°C incubation for 24 hours before harvest.
Each culture tube was harvested by mixing well with a vortex 
mixer and suctioning through a glass-fiber filter pad (2.4 
cm in diameter; Reeve Angel VWR Scientific, Clifton, New 
Jersey) supported on a millipore apparatus (Millipore Corp., 
Bedford, Massachusetts). Each tube was rinsed three times 
with 0.15 M NaCl which was poured through the filtration 
pad. Red blood cells were lysed by adding 3% acetic acid 
to the pad. The filter was rinsed twice with 5 ml of 5% 
trichloroacetic acid and dried with two applications of 5 
ml absolute methanol. Each filter pad was then put into a 
scintillation vial (New England Nuclear, Boston, Massachu
setts), and 10 ml of scintillation fluid (3785 ml toluene + 
18.925 g PRO + 0.38 g POPOP; Crescent Research Chemical 
Inc., Scottsdale, Arizona) was added. Results of



21
3H-thymidine incorporation were expressed as counts per 
minute obtained in a Packard Tri-Garb Liquid Scintillation 
Counter.

Results were analyzed by analysis of variance. 
Differences were considered to be significant at p < 0.05, 
or better.



RESULTS

Evaluation of Rabbit Anti-Human IgG Globulin 
The purified human IgG used to immunize rabbits was 

determined to have a protein concentration of 2.01 mg/ml. 
Immunoelectrophoresis revealed a single arc of precipitate 
when the separated product was reacted against rabbit anti
whole human serum. The placement of this arc corresponded 
with that formed by reaction of separated whole human serum 
versus rabbit anti-whole human serum.

The final protein concentration of rabbit anti-human 
IgG globulin was determined to be 12.73 mg/ml, of which 4.31 
mg/ml was specific antibody protein. This rabbit anti-human 
IgG formed a single arc of precipitate with separated human 
whole serum, and its placement was the same as that formed 
by separated whole human serum versus rabbit anti-human IgG.

Separation of Lymphocytes 
Results of the removal of phagocytic cells from 

mononuclear cell suspensions by glass adherence are shown in 
Table 2. The ficoll-isopaque separation of three bloods 
contained an average of 81.16% lymphocytes; 2.0% polymorpho
nuclear leucocytes; 8.4 6% morphologically distinct, non- 
phagocytic monocytes; and 11.0% phagocytic cells (those 
containing polystyrene particles). After removal of glass

2 2



Table 2. Evaluation of Highly Purified Lymphocyte-Suspension Separated from Human 
Peripheral Blood by Ficoll-Isopaque and Followed by 3 Sequences of Glass 

. Adherence

After
Ficoll-IsopaqueSeparation^

After Glass Adherence0
Differential^ First Second . Third^

Polymorphonuclear
Leucocytes 2.0 + 2.64 0.73 + 1.10 0.06 + 0.10 0
Monocytes 8.46 + 10.88 2,73 + 2.85 1.03 + 1.7 0 0.71 + 0.30
Phagocytic Leucocytes 11.0 + 6.42 1,77 + 1.22 0,32 + 0.17 0
Lymphocytes 81.16 + 7,97 94,78 + 3,28 98.61 + 1.40 99.16 + 0.14

• aMean percentage'+ S.D. from 200-500 Wright stained Leucocyte counts of 
three blood specimens, '

^Separation of mononuclear cells from human peripheral blood (35, 53).
c300 ml size glass prescription bottle.
^Final yield of highly-purified lymphocyte suspensions to be used in 

spontaneous rosette formations and immunoflucrescent studies.
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adherent cells by three passes on the surface of glass 
prescription bottles, monocytes and polymorphonuclear 
leucocytes made up less than one per cent of the cell sus
pension. This lymphocyte-rich preparation was used for 
immunofluorescence and rosette-formation determinations.

B-Lymphocytes by Immunofluorescence 
Preliminary experiments showed that with 1:2 dilu

tion of rabbit anti-human IgG and 1:4 dilution of FITC- 
conjugated goat anti-rabbit IgG, satisfactory immunofluorescent 
staining results could be obtained. No cells were stained in 
negative control preparations. Peripheral blood B-lymphocyte 
immunof luorescent results in normal subjects and RA patients are 
shown in Table 3. There is no significant difference between 
the two groups. Immuno-globulin-bearing lymphocytes in 
normal subjects are 14.35+.1.21 per cent of purified lympho
cytes compared to 15.28 + 1.31 per cent in RA patients.

T-Lymphocytes by Spontaneous Rosette Formation 
With Sheep Red Blood Cells

Three categories of T-rosettes were investigated.
Two groups of subjects were studied, normal humans, and RA
patients. The results are shown in Table 3. No significant
differences were found in the percentages of active rosettes,
early rosettes, and late rosettes between the two groups of
subjects. Active rosette percentages for normal subjects
and RA patients were 35.45 + 4.0 3 and 38.93 + 3.18,



Table 3. Summary of Percentages of IgG-Bearing B-Lymphocytes and Spontaneous 
T-Lymphocyte Rosettes in Normal Humans and Rheumatoid Arthritis 
Patients (RA)

Sample No,
IgG-Bearing

B-Lymphocytes
T-Lymphocyte Rosettes

"Active" "Early" "Late
Normal RA Normal RA Normal RA Normal RA Normal RA

6 9 8. 0 20,0 39.06 28.61 42.17
13 12 11,5 26, 0 33,1 40.93 45.4 29.83 31.55 33 .95
48 14 38, 0 8,5 25, 0 21.9 33.75
52 17 16,87 24,5 22,15 15.35 28.20
79 31 14,87 10.0 37,4 46.6 36.10
80 41 10,75 24.5 29,95 66.77 40.20
10 42 22,5 18,5 24,5 40.1 24.81 54; 0 6 27.75 49 .80
33 43 11,5 23,0 52,4 5 39,6 53.45 45.5 45.80 61.06
35 39 12,5 8,0 49,25 44,9 47,75 57.55 68.45 58.95
37 45 11,0 15,66 40.9 55.65 69.25
46 47 14.0 12,0
50 51 15. 0. 22.0
55 56 16,0 12.0
59 8 9 15,0 12.5
65 94 17,0 19,0
88 127 9,5 ' 11.25
93 129 11.0 6. 5 '

128 136 6.75 9,0
130 147 7,75 9,0
133 156 4,0 ■ 14,0
135 163 25,3 10,5
148 172 . 5,0 21.0
155 173 10,0 16,0
162 192 11.0 18,0
171 202 17.0 9,0



Table 3.--Continued

IgG-Bearing
B-Lymphocytes

T--Lymphocyte Rosettes
Sample :No. "Active" "Early" "Late II

Normal RA Normal RA Normal RA Normal RA Normal RA
174
190
191 
201 
203
40

204 14.0
29.0
19.0
13.0
14.0

17.0

33.4 45.15 41.70

N 30 26 6 9 6 9 6 9
Range 4.0-

•38,0
6, ST- 

26, 0
24.5-
52,45

22,15-
44,9

24.81- 15.35- 
55.65 66.77

27.75- ' 
69 . 25

28.20-
61.06

X 14,35 15,28 35,45 38,93 45.36 40.68 47.41 42.68
S.E.M, 1,21 1,31 4,03 3.18 6,86 5.42 6.39 5.05
P value N, s, N, s. N.S. N.S •

N = Numbers of subjects in each group.
X = Arithmetic mean,

S ,E,M, = Standard error of the mean, 
N«S, - No significant difference,
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respectively. The percentage of early rosettes for normal 
subjects was 45.36 + 6.86, and 40.68 + 5.42 for RA patients. 
Late rosette percentages for normal subjects and RA patients 
were 47.41 + 6.39 and 42.68 + 5.05, respectively.. In both 
groups late rosettes are higher than.early rosettes and 
early rosettes are higher than immediate rosettes.

In Vitro Lymphocyte Transformation 
Results of whole blood lymphocyte transformation

3responses to PHA, PWM, and Con-A, determined by H-TdR 
uptake and expressed as square root of CPM + SEM, are shown 
in Table 4. There is a significant difference between the 
responses of unstimulated control cultures from normal

3subjects and RA patients. H-TdR uptake of normal control 
cultures was 13.51 + 0.75, significantly higher (P < 0.05) 
than that of RA subjects which gave a value of 11.70 ± 0.63. 
The PHA response was significantly higher (P <'0.05) in 
normal subjects than in RA patients (491.3 9 + 22.88 versus 
426.15 + 24.46, respectively). No significant differences 
in PWM and Con-A responsiveness were seen between the two 
groups. No significant differences were observed in the 
mitogen/control indices, nor in the PHA/PWM, PHA/Con-A, or 
Con-A/PWM indices between the two groups.



Table 4. Summary of Whole Blood Lymphocyte Transformation Responses.in Normal 
Humans and Rheumatoid Arthritis Patients (RA)a

Sample N o . /Control CPM
/Mitogen (CPM) - Control (CPM)

PHA PWM CON--A
Normal RA Normal RA Normal RA Normal RA Normal RA

6 9 . 25.74 11.35 305.64 457.03 142,34 81.17 317.10 218.41
13 12 16.70 8.24 . 560.00 391.74 195.04 264.46 331.90 368.49
48' 14 15.19 14,42 687.77 388.24 275.01 164.34 468.66 319.57
52 31 15.42 9,38 551.88 408.72 136.12 188.57 278.20 349.46
79 41 11.46 8,48 401.85 452.27 168.79 113,03 187.65 270.09
8 0 42 10,95 10.48 542.48 350.10 132.59 131.38 185.69 288.92
10 43 10.53 15,62 368.62 343.80 198.63 205.04 301.21 336.89
33 39 10.67 15.09 580.28 293.69 233.22 264.29 311.07 438.58
35 45 10.09 13,01 536,05 548,79 198.87 171.46 270.29 318.94
37 47 11,83 9,82 493.26 487.88 180.32 96.99 335.16 247.48
4 6 51 13,15 13,19 356,14 438.54 156,04 223.27 249.13 348.48
50 56 14,96 11,87 - 590,92 413,43 301.38 212.89 394.62 303.73
55 89 16.24 12.44 > 440.50 547,77 320.45 167.27 337.62 234.61
59 94 13,37 9,40 438.85 461,70 204.25 250.15
65 127 8.77 8.24 625.39 408.63 184.98 430.37
88 129 15,00 10.19 379,33 63,74 258.54 148.36
93 136 15,42 9.48 494.70 . 136.91 197.92 210.90

-128 156 11,78 12,88 2 64.01 213,85
130 163 10,04 14.73 231.64 283.77
133 172 13,82 12,52 238.87 220.62
135 173 13 , 00 12,16 215.17 202.82
155 17 '11,95 14,42 179.46 158.82 402.64
162 15, 03 296,31
171 13,26 240.44
174 13,56 224,83



Table 4.--Continued

/Mitog en (CPM) - Control. (CPM) .

Sample No. /Control CPM PHA PWM Con -A
Normal RA Normal RA Normal RA Normal RA Normal RA

N 25 22 17 15 17 14 25 20
Range 8.77- 8,24- 305.64- 293.69- 63.74- 81.17- 158.82- 148.36-

25.74 15. 62 687.77 548,79 320.45 264.46 468.66 438.58
X . 13,51 11,70 491,39 426,15 • 189.92 175.97 279.01 286.33

S,E.M. 0.75 0, 63 22.88 24,46 15,36 17.04 15.39 17.29
P value < 0, 05 < 0. 05 N , S • N. S.

N = Numbers of subjects in each group«
X - Arithmetic mean.

S.E.M, = Standard error of the mean
a3j£_rphymidine uptake (GPM) by quadruplicate cultures either unstimulated 

(control)f or stimulated with PHA, PWMf or Con-A (Mitogen),



DISCUSSION

Ficoll-isopaque mixtures have been widely used to 
separate lymphocytes from peripheral blood (34, 35, 57). 
However, Zucker-Franklin (57) recently established that 
mononuclear cells obtained from ficoll-isopaque separations 
may contain up to 44% phagocytic cells. Polymorphonuclear 
leucocytes and monocytes are known to spontaneously form 
rosettes with sheep red blood cells thereby artificially 
increasing T-cell counts (58). Futhermore, monocytes will 
give positive immunofluorescence with the anti-Ig staining 
technique, erroneously inflating B-cell percentages. 
Therefore, removal of these cells from the preparation is 
essential to the enumeration of T- and B-lymphocytes. The 
results in Table 2 show that the lymphocytes used in this 
study contained less than one per cent monocytes and poly
morphonuclear leucocytes. Normal B-lymphocyte levels in 
peripheral blood in this study are in agreement with those 
reported by several other investigators (29, 41, 42). All 
of these investigators employed Anti-Ig immunofluorescence 
for their B-cell determinations. Two workers (38, 39) have 
found elevated B-cell levels with immunofluorescence. How
ever, the first (38) has elsewhere reported normal B-cell 
levels in agreement with this study (29) and the latter 
(39) studied only two normal subjects. Another investigator,

30
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using C3-receptor rosette techniques (58) , has reported higher 
normal values than those in this study.' Perhaps these 
higher values are due to non-removal of adherent cell 
populations. Finally, Frpfland et al. (37) using immuno
fluorescence has found normal peripheral B-cell levels which 
are slightly, but not significantly, lower than those 
reported here.

Percentages of immunoglobulin-bearing lymphocytes 
(B-cells) in the peripheral blood of RA patients in this 
study were not significantly different from normal subject 
values. These results obtained by immunofluorescence tech
nique confirmed the findings of other investigators (37, 41, 
42). Furthermore,. these results are in agreement with those 
reported by Yu et al. (36) and Durance and co-workers (44) 
who employed C3-rosette formation for the enumeration of 
B-cells. Papamichail et al. (29) and Zeiders and co
workers (4 0) found significantly elevated immunoglobulin- 
bearing cell percentages in RA patients; they did not remove 
adherent cells. Lower RA B-cell values, by immuno
fluorescence technique, were found by Clements et al. (4 3) 
and Hurd and associates (46). However, their patients were 
receiving cyclophosphamide therapy (CPA).

Comparison of spontaneous sheep erythrocyte rosette 
determinations of T-lymphocyte levels has been a problem due 
to diffireng techniques used by various groups. Hence, in 
this study, T-cells were enumerated by all three techniques.
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namely "active rosettes," "early rosettes," and "late 
rosettes," for comparative purposes. No significant differ
ences were found among the percentages of rosettes deter
mined by each of the three procedures.

Normal T-lymphocyte levels in this study agree with 
those reported by other workers (36, 42, 45). Zeiders et 
al. (40) found a higher percentage of T-rosettes than this 
study. A lower percentage of normal T-rosettes was deter
mined by Frinland et al. (37). They did not use fetal calf
serum in setting up the rosette test, which may account for
this discrepancy. In this study the percentage of rosettes
formed was directly proportional to the FCS concentration.

"i . • 'None of the three types of T-rosette percentages in
RA patients was found to be significantly different from 
normal controls. This is in agreement with the results re
ported by several other workers (36, 40, 42, 45). De
creased levels of T-cells were seen only in RA patients 
severely affected by the disease (40, 42) and in cyclo
phosphamide treated patients (46). Fr^land et al. (37)
found lower T-RFC levels in RA patients than this study, but 
their normal levels were lower, too.

Mitogen induced lymphocyte transformation is a 
simplified technique for in vitro studies of lymphocyte 
reactivity. The immunological function of lymphocytes 
expressed in terms of response to mitogenic substances might 
reveal defects in the immune response of RA patients.
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The method employed in this study was similar to 

that of Han and Pauly (56). This whole blood assay technique 
gives several advantages over the conventional technique.
It requires less blood and less time to set up. In addi
tion, lymphocytes are in a more natural environment, and all
peripheral blood cell types are present. Lymphocyte reac-

3tivity as measured by H-thymidine incorporation in this 
method closely approximates that obtained by using purified 
lymphocyte populations, and reproducibility of results is 
excellent. PHA, PWM, and Con-A were used as mitogenic 
stimulants for both RA and normal peripheral blood.

Unstimulated RA leukocyte cultures incorporated 
significantly less ^H-thymidine than normal control leuko
cytes (P < 0.05). This conflicts with the findings of 
Griffiths and Williams (59) and Menard and co-workers (48) 
who reported that unstimulated cultures of RA lymphocytes 
incorporated more label than normal control lymphocytes.
This discrepancy could be explained by the fact that this

i
study employed the whole blood assay, whereas they used 
purified lymphocytes with FCS supplement. Since the serum 
supplement in the whole blood assay is actually autologous 
plasma, suppressor substances in RA blood could account for 
the observed results in this study. In addition, all 
patients in this study were taking some form of analgesic, 
usually aspirin. This could explain the abnormal reduction 
in the PHA response (60). However, for humane
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considerations, neither the patients in this study nor those 
in any other RA experiment could be removed from the only 
therapy that can give patients some relief.

The significantly decreased responsiveness of RA 
lymphocytes to PHA seen in this study is in agreement with 
results reported by Lance and Knight (50). Similarly,
Mdnard et al. (42) found that PHA/control ratios of RA
lymphocytes decreased somewhat although not significantly.
In contrast, workers (28, 49) found no difference in PHA 
indices between RA and normal control groups. However, they 
employed conventional purified culture methods using FCS 
supplement. As with the results obtained in unstimulated 
leukocytes in our study, autologous plasma components from 
RA patients could cause suppression of the PHA response.

Results from this study show no abnormality in 
responsiveness of RA patients to PWM and Con-A. This is in 
sharp contrast to work reported by Lance and Knight (50) 
who found significantly decreased PWM and Con-A responses 
in RA patients. These conflicting results could arise from 
the use of gelatin-sedimentation separation of lymphocytes 
employed by Lance and Knight (50). The gelatin method 
could selectively remove PWM and Con-A subsets thus 
diminishing responsiveness to these mitogens.

Since both the unstimulated and the PHA-stimulated 
RA leukocyte cultures in this study incorporated less than 
normal amounts of label, the PHA/control ratios for RA
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patients were not different from those seen in normal leuco
cyte cultures. Furthermore, the ratios of PHA/Con-A, 
PHA/PWM, and Con-A/PWM were the same in both RA patients and 
normal humans.

In conclusion, rheumatoid arthritis may arise from 
a regulative defect in T-cell populations or subpopulations. 
This may be accompanied in severe cases with abnormalities 
in B- and T-cell proportions. Our findings, though unable 
to demonstrate abnormal numbers of T-cells and B-cells, may 
identify a selective subpopulation deficiency in the peri
pheral blood of RA patients responsible for PHA response. 
This functional defect may be in the central lymphoid 
tissues, or it may be a distributional disturbance of 
lymphocyte subpopulations, either of which might be relevant 
to the etiology and pathogenesis of rheumatoid arthritis.



APPENDIX A

HUMAN SUBJECTS CONSENT FORMS

Donor Consent Form
I, ' ________(First Name) (Middle Name) (Last Name)

herewith agree to serve as a donor in the investigation 
named "Transfer Factor Immunotherapy in Rheumatoid 
Arthritis."

The study attempts to obtain knowledge regarding 
the effectiveness of transfer factor in rheumatoid 
arthritis treatment. I will be given an injection of 
keyhoId limpet hemocyanin (KLH) into the skin of the arm. 
This substance is an extract taken from a sea snail (the 
key ho Id limpet) , rarely encountered by human's, and I will 
probably become allergic to KLH. The injection will be 
similar to a tuberculosis skin test in size and placement. 
The allergy which develops in me will then be detectable 
in recipients of transfer factor (TF) prepared fromjmy 
blood.

Four weeks after the KLH injection, I will donate 
500 cc. (1 pint) of my blood from which TF will be extracted 
for injection into a rheumatoid arthritis patient, This 
amount of blood is the same as that given at the Red Cross 
Blood Bank, and will be obtained in a similar fashion.
After donating the blood I will be skin tested with one or 
more, of the following antigens: KLH, tuberculin PPD, 
qoccidioidin, histoplasmin, tetanus-diphtheria toxoid, 
tetanus toxoid, and brucellergin. No skin tests to which 
I have been known to react severely in the past will be 
performed.

I understand that this is an experimental procedure, 
and the risks for me are as follows:

a. Development of keyhoId limpet hemocyanin (KLH) 
allergy, a substance which I am unlikely to 
encounter again and an allergy which will appear 
only when I contact KLH again.
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b. Possible itching, burning and inflammation of
2-3 days duration at initial KLH injection site 
and skin testing sites.

c. Usual risks of donating 50 0 cc. of blood, such 
as development of anemia, hematoma at the 
venipuncture site, and dizziness or fainting 
during or following donation.
I will incur no expenses from my participation in 

this study, and the attending physician will answer any 
questions I may have about the procedures. I am free to 
withdraw from participation in the project at any time.

The foregoing information has been explained to 
me, and,I have read and fully understand it.

"X

Date Donor

Witness
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Patient Consent Form

1/   __________________(First Name) (Middle Name) (Last Name)
herewith agree to serve as participant in the investigation 
to be known as: "Transfer Factor Immunotherapy in Rheumatoid 
Arthritis."

I understand that participation in this study will 
require 18 weekly blood studies and examinations by my 
physician at the Holbrook-Hill Medical Group Offices at 
5100 E , Grant Road, Tucson, Arizona. The blood studies 
will involve donation of an average of 3 0 cc. (1 ounce) of 
blood per week by venipuncture. This amounts to approxi
mately one pint of blood over the 4-1/2 months' study. 
Examinations will include measurements of size and 
swelling in selected joints, grip strengths, and time to 
walk 50 feet. My present medications, other than gold or 
analgesics as I need them, will be discontinued during the 
study. Analgesics which will be permissible will be 
aspirin (Bufferin), Tylenol, Darvon, Percodan, codeine, 
Emperin and Tylenol #4. Indocin and Motrin will be 
acceptable as analgesics with mild anti-inflammatory 
activity. I understand that I must keep careful account 
of my daily use of these medications. In addition, I 
understand, that use of medications other than those listed 
above must be reported to my physician and will preclude the 
use of my data thereafter in the transfer factor study.

I will receive two sterile injections during the 
study. One will be Transfer Factor and the other will be 
a Placebo (normal salt solution). These injections will be 
administered 3 weeks apart, and neither I nor my physician 
will know which material was given first„ The transfer 
factor preparation will be a sterile extract of the white 
blood cells obtained from 500 cc. (1 pint) of blood taken
from a normal person living with me, or from some other 
normal human. These preparations will be sterilized by 
filtration to remove any bacteria, fungi, or protozoa, and 
preparations will be checked for the presence of bacteria 
and fungi by microbial culture techniques. Donors will be 
questioned regarding their past history of virus diseases, 
particularly hepatitis. Passage of any known living micro
organisms, viruses included, through the dialysis membrane 
used in the preparation of transfer factor would be unlikely 
if not impossible.

At two times during the study (one week prior to the 
1st injection and one week after the 2nd injection), I will
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be skin tested with a number of antigens in the skin of the 
forearm (similar to a tuberculosis skin test). These skin 
tests will include one or more of the following: keyhold 
limpet hemocyanin (KLH), tuberculin PPD, coccidioidin, 
histop.lasmin, tetanus-diphtheria toxoid, tetanus toxoid 
and brucel.lergin. No skin tests to which I have been known 
to react severely in the past will be performed. The skin 
tests are used to detect the passage of donor immunities (or 
allergies) to me thereby confirming the administration of 
good quality transfer factor.

Part of the blood donated just prior to each 
experimental injection and three weeks after 
the last injection will be used to test for 
toxic liver or kidney reactions due to 
transfer factor.
I understand that this is an experimental method of 

treatment which has not yet been proven to be beneficial.
The risks for me are as follows:

a. Possible return pf some rheumatoid arthritis dis
comforts due to discontinuation of my present
medication.

b. Possible short-term discomfort at the site of 
treatment injections.

c. Possible itching, burning, and inflammation of
2-3 days duration from skin tests, given twice
at 1-7 sites.

. d „ Possible development of allergies (shown by skin 
test) existing in the transfer factor donor„

e. Possible adverse reactions to Transfer Factor 
injections, although, none have yet been noted in 
approximately 2 00 Transfer Factor recipients 
throughout the world.

f. Possible development of anemia due .to donation of
one pint of blood over 4-1/2 months. Since weekly
blood analyses will be completed, development of 
anemia would be detected early and corrected with 
a blood transfusion if necessary.
I may benefit from the treatment by a decrease in 

the pain, stiffness and swelling of my arthritis„ However,
I understand that I may not improve at all from the treat
ment, or I may worsen. I also realize that by entering this
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study I will contribute to new knowledge and may benefit 
rheumatoid arthritis patients in the future.

No expense will be incurred by me by participation 
in this program.

My physician will answer any questions I may have 
about the procedures. I understand that I am free to 
withdraw from participation in the study at any time 
without any impairment of the medical care I receive.

The foregoing information has been explained to me, 
and I have read and fully understand it.

Date Participant

Witness
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