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The origin, physiological role, and metabolism
of the serum polysaccharides are largely unknown,
and their relationship to changes which occur in
connective tissue is not yet firmly established. The
occurrence of polysaccharide material in connective
tissue has been amply demonstrated by isolation
and histochemical methods. Using histochemical
methods, an increase of polysaccharide in connec-
tive tissue has been noted in many diseases of
connective tissue including rheumatic fever, rheu-
matoid arthritis, and disseminated lupus erythy-
matosus. Ehrich (1) has recently reviewed the
present knowledge of this field. The presence of
increased concentrations of polysaccharides in the
sera of patients suffering from rheumatic fever
(2) and rheumatoid arthritis (3) suggests a pos-
sible relationship between serum and tissue poly-
saccharides in these diseases. Ludwig, Boas, and
Soffer (4) demonstrated a possible relationship of
connective tissue to serum polysaccharide by show-
ing that an elevation of both the hexosamine of
retrobulbular tissue and plasma hexosamine oc-
curred in thyroidectomized guinea pigs after ad-
ministration of thyrotropic hormone. Catchpole
(5) suggests that increased circulating glycopro-
teins in the blood of tumor animals arise from the
ground substance at the site of the invasive growth
by a process of depolymerization of tissue glyco-
protein. The present study is a more complete
analysis of the characteristics of these serum com-
ponents in rheumatoid arthritis, certain other
mesenchymal diseases, and degenerative arthritis,
permitting evaluation of the use of serum polysac-
charide concentration as a diagnostic aid in differ-
entiating these diseases.

METHODS

The patients described were seen in the arthritis clinic
of the University Hospitals. Serum albumin, pseudo-

globulin, and euglobulin were fractionated by a. modified
method of Milne (6) using 21.5 per cent and 26.8 per
cent sodium sulfate. Albumin was assumed to be that
portion of serum protein which was not precipitated by
26.8 per cent sodium sulfate; euglobulin, that portion
which precipitated with 21.6 per cent sodium sulfate; and
pseudoglobulin, the difference between the portion pre-
cipitated by 26.8 per cent and that precipitated by 21.5 per
cent sodium sulfate. Kingsley’s method (7) using ethyl
ether for the separation of globulin fractions was used for
both levels of sodium sulfate. The biuret reagent as de-
scribed by Weichselbaum and Shapiro (8) was used for
the determination of the total serum protein and protein
fractions. Mucoprotein was precipitated from sera by the
method of Winzler, Devor, Mehl, and Smyth (9). The
hexose components of the polysaccharides of each frac-
tion were determined by the tryptophan method of Shet-
lar, Foster, and Everett (10). As hexosamine does not
develop color with tryptophan in this reaction, the method
allows an estimate of polysaccharide components other
than hexosamine. For simplicity, results obtained by this
method will be referred to as “polysaccharide” in this
paper. 7-globulin was determined by the method of Jager
and Nickerson (11). One hour erythrocyte sedimenta-
tion rates (Wintrobe) were conducted by the clinical lab-
oratories of the University Hospitals. The clinical diag-
nosis was established after several visits to the arthritis
clinic where the patient was studied by at least two of the
clinical members of the staff. Cases of rheumatoid arthri-
tis were classified as (a) active, if evidence of both joint
deformity and moderate or severe joint activity was noted;
(b) inactive, if joint deformity, but no activity was pres-
ent; and (c) early (mild), if no joint deformity, but
mild activity was noted.

RESULTS
Serum polysaccharides

Data resulting from the analysis of total serum
polysaccharide and mucoprotein are presented
graphically in Figure 1. The elevation of serum
polysaccharide may be due simply to an increase in
serum protein or to an increase of one or more
polysaccharide rich protein fractions. To correct
for this effect, polysaccharide contents of each frac-
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Polysaccharide components exclusive of hexosamine expressed as milligrams per 100 ml. of serum are shown as

open circles, while the polysaccharides expressed as a percentage of serum protein are shown as closed circles. Mu-

coprotein polysaccharide exclusive of the hexosamine is expressed as milligrams per 100 ml. of serum and shown as

open circles with a black center.

tion are expressed as percentages of the corre-
sponding protein components and summarized in
Table I.

In a preliminary experiment, a known amount
of mucoprotein 2 isolated by the method of Winzler,
Devor, Mehl, and Smyth (9) was added to an ali-
quot of previously analyzed human serum. The
serum was then fractionated with 26 per cent so-
dium sulfate as described above. Results were as
follows in mg. per 100 ml. of serum:

Polysaccharide of
Pseudo- Muco-
Total Albumin globulin  protein
Serum 108 25 17 12
Serum + Mucoprotein 125 42 20 30
Difference 17 17 3 18

2 Supplied by Dr. Richard J. Winzler, Department of -

Biological Chemistry, Univ. Illinois College of Medicine.

The square in each group represents the average figure for the group.

Apparently in the fractionation procedure with so-
dium sulfate as described above most of the muco-
protein is included in the albumin fraction. Con-
sequently, results for the albumin polysaccharide
were corrected by subtracting the mucoprotein
polysaccharide from the original results.

The data were subjected to statistical analysis
using the “t” test, where
X2 — X1

S.E.
are means of the two groups being compared, and
S.E. is the standard error of the difference of two
means. For groups of 28 or more, the standard
error was calculated by the formula:

t= , X1 and X,

ag 12

= (224 )
S.E. = <N1+ N2>



1210

SHETLAR, PAYNE, BULLOCK, PATRICK, HELLBAUM, AND ISHMAEL

TABLE I
Percentage* of serum polysaccharide in serum protein fractions

Polysaccharide of
No. of Total protein Albumin Pseudoglobulin Mucoprotein Corrected albumin
cgieg Average S.E. Average S.E. Average S.E. Average S.E. Average S.E.
Normal 28 1.71 0.65 2.89 12 0.40
(1.48-1.95) .021 (0.45-0.82) .017  (1.89—4.22) 0.11 (8-18) 0.8  (0.28-0.55) .07
Aged normal 15 1.79 — — — —
(1.62-2.06) .025
Degenerative 28 1.85 0.77 2.88 13 0.47 )
joint disease (1.59-2.15) .023 - (0.56-1.10) .028  (1.84-4.15) 0.11 (6-16) 0.6  (0.20-0.72) .03
Rheumatoidar- 62 2.57 1.38 4.14 22 0.74
thritis, active (2.09-3.56) .051 (0.72-2.73) .059  (1.80-7.74) 0.18 (11-47) 1.2 (0.41-1.47) .04
Inactive 5 1.82 0.65 3.42 12 0.34
(1.70-1.92) .032 (0.59-0.77) .036 (2.73—4.30) 0.21 (12-13) 0.1 (0.30-0.37)
Early 9 2.03 0.77 3.20 15 0.43
(1.70-2.27) .067 (0.55-0.97) .016 (2.70—4.40) 0.10 (9-20) 1.3  (0.28-0.62) .04
Rheumatoid 13 1.90 0.68 3.50 ' 14 0.35
spondylitis (1.52-2.29) .061 (0.48-0.92) .041 (2.57-4.80) 0.16 (9-19) 0.1 (0.26-0.44) .02
Mixed arthritist 7 2.15 0.93 4.96 14 0.58
(1.71-2.57) .092 (0.80-1.04) .046 (3.33-6.35) 0.48 (11-16) 1.2  (0.55-0.56)
Gout, active 2 2.65 1.30 3.13 22 0.86
(2.44, 2.85) (1.35, 1.45) (2.20, 4.06) (20, 25) (0.85, 0.87)
Gout, inactive 6 2.04 0.77 3.80 15 0.43
(1.91-2.17) (0.60-0.89) (3.00-4.76) (11-19) (0.25-0.52)
Psychogenic 3 1.72 0.67 3.30 12 0.43
rheumatism, (1.57-1.99) (0.60-0.74) (2.47-4.56) (8-18) (0.27-0.53)
Dermatomyositis 4 1.83 0.68 3.54 11 0.42
(1.77-1.91) (0.68-0.69) (3.16-3.93) (10-12) (0.40-0.52)
Lupus erythe- 1 3.40 2.30 5.08 24 1.23
matosus
Periarteritis 1 1.91 0.91 3.40 13 0.61
nodosa
Weber Christian 1 2.13 0.81 3.38 —_ —
Disease

* Polysaccharide of each f;rotem fraction expressed as a percentage of the corresponding protein component.
haride complex is not included.

osamine component of the

Hex-

t Both rheumatoid art! ntls and degenerative joint disease present.

where o, and o, are standard deviations for the two
groups and N, and N,, the number of cases in the
respective groups. When less than 28 cases were
in either group the following formula was used:

SE. = ( N: + N, )*(Nm’+ Nzﬂz’)*
o N1+ N: -2 NiN: /

The results of this statistical analysis are sum-
‘marlzed in Table II.
An increase of total albumin, pseudoglobulm,

and mucoprotein polysaccharide was noted in the

sera of patients (aged 8 to 76) with active rheuma-
toid arthritis. When comparéd to the patients
with degenerative joint disease, highly significant
differences between the two groups were noted in
all factors. When the degenerative joint disease
group (aged 28 to 59) was compared to the nor-
mal group (aged 18 to 45) a significant elevation
of total and albumin polysaccharide was noted in
the group with degenerative joint disease. How-
ever, when compared to a group of aged normals
(over 60 years) no significant differences were
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TABLE II
Summary of statistical comparisons—t values
Percentage polysaccharide* of
Pseudo- Muco- Corrected

Comparison Total Albumin globulin protein albumint
Rheumatoid A. vs. Degenerative joint disease 11.1% 9.40% 6.04} 7.22% 5.22%
Normal vs. Degenerative joint disease 3.12¢ 3.25% 0.11 0.47 1.37
Aged normal vs. Degenerative joint disease 1.47 — — — —
Normal vs. Rheum. spondylitis 3.58¢ 0.71 5.29% 1.31 1.18
Normal vs. Inactive rheumatoid arthritis 2.04 0.07 4.11% — —

* Polysaccharide of each fraction expressed as a percentage of the corresponding protein component.

!

noted. The rheumatoid spondylitis group (aged
20 to 49) was found to have serum polysaccharide
levels which were usually within the normal range,
although all of this group were in an active phase
of the disease. However, considered as a group,
significant elevations of total and pseudoglobulin
polysaccharide occurred in the rheumatoid spon-
dylitis group. A significant elevation of pseudo-
globulin polysaccharide occurred in the patients
with inactive rheumatoid arthritis but no other
significant differences in this group were noted.
Elevations of serum polysaccharides occurred in
active gout and disseminated lupus erythematosus,
although the number of cases studied was too
small to be analyzed statistically. A doubtful ele-
vation was noted in the one case of Weber Chris-
tian Disease, while essentially normal values were
found in patients with psychogenic rheumatism,
dermatomyositis, and periarteritis nodosa (Table

I).

Significant at the 1 per cent level.

Percentage of polysaccharide in the protein fraction after correction for the mucoprotein.

Serum proteins

Summary of the fractionated protein values for
patients with rheumatoid arthritis, rheumatoid
spondylitis, and degenerative joint disease are
given in Table III. These results were treated
statistically by the “t” test as described above.
Changes were observed in serum proteins as de-
termined by salt fractionations in rheumatoid ar-
thritis patients similar to those previously reported
using electrophoretic techniques (12). Both
pseudo- (a-globulin) and y-globulin were found to
be significantly increased, while albumin was de-
creased. Smaller but significant elevations of
7-globulin were also noted in the patients with
rheumatoid spondylitis and with degenerative joint
disease. These results are similar to those reported
by Effersoe (13) using a polyfractionation salting-
out method with ammonium sulfate.

TABLE II1

Summary of the serum protein® fractions of arthritis patients as determined by salt fractionation

Albumin A/G ratio

Iig.“gf Total Howe Milne Pseudoglobulin  y-Globulin Howe Milne

Normal 28 7.08 5.04 4.31 0.73 0.92 247 155
(6.50-7.73)  (4.47-5.62) (3.43-5.07)  (.45-1.04) (.58-1.55)

Rheumatoid 54 7.461 4.69 3.78% 0.91% 1.87t 171 1.03
arthritis, active (6.13-8.74)  (3.44-5.56) (2.364.63)  (.56-1.59) (.814.01)

Degenerative 32 7.15 4.94 4.09 0.85 1.34% 223 1.34
joint disease (6.16-8.34)  (4.22-5.82)  (3.02-4.82) (.51-1.12) (.67-2.18)

Rheumatoid 9 7.57 5.30 4.59 0.71 1.47% 2.18 1.54
spondylitis (6.74-8.82)  (4.82-6.08)  (3.89-5.44)  (.57-.93) (.77-2.01)

* Expressed as grams of protein per 100 ml. of serum.

!

Significantly higher at the 1 per cent level than the corresponding normal value.
Significantly lower at the 1 per cent level than the corresponding normal value.
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Sedimentation rates

A summary of erythrocyte sedimentation rates
for patients with rheumatoid arthritis, spondylitis,
and degenerative joint disease is given in Table
IV. Sedimentation rates were generally elevated
in the rheumatoid arthritis patients; many of the
patients with degenerative joint disease also had
elevated sedimentation rates. In order to deter-
mine if sedimentation rate and serum polysac-
charide concentration reflect similar disease proc-
esses in rheumatoid arthritis, the correlation coeffi-
cient between these two factors was determined.
A correlation coefficient of 0.24 was found between
the percentage of polysaccharide in serum protein
and the sedimentation rate in patients with rheuma-
toid arthritis. This coefficient is not statistically
significant, that is, it is not significantly different
from 0. Thus, no quantitative relationship ap-
pears to exist between these factors in this series.
This finding recalls the observation of Seibert,
Seibert, Atno, and Campbell (14) to the effect that
serum polysaccharides do not significantly corre-
late with sedimentation rates in a series composed
largely of patients with tuberculosis.

DISCUSSION

Variation in serum polysaccharides in different
mesenchymal diseases is somewhat difficult to
evaluate. It seems likely that an elevation of serum
polysaccharide may be correlated with either tis-
sue injury, tissue proliferation or both. Shetlar
(15) has suggested that an elevation of polysac-
charide in the pseudoglobulin and mucoprotein
fraction correlates with tissue injury and that an
elevation of albumin polysaccharide (after correc-
tion for mucoprotein) is related to tissue prolifera-

SHETLAR, PAYNE, BULLOCK, PATRICK, HELLBAUM, AND ISHMAEL

tion. According to these postulates, both inflamma-
tion and tissue proliferation occur in many rheuma-
toid arthritis patients, as 20 out of 43 patients had
elevations above the highest normal levels in both
albumin and pseudoglobulin polysaccharide com-
ponents. Only one of 32 patients in the degenera-
tive arthritis group was high enough in total poly-
saccharide to fall within the range of the rheuma-
toid arthritis group; however, eight of this group
had elevated albumin polysaccharide levels and
five had elevated pseudoglobulin polysaccharide
levels. The uniformly elevated serum polysac-
charide level in rheumatoid arthritis suggests that
this assay might be of value as an objective test
for evaluating the degree of activity in patients with
rheumatoid arthritis. This possibility is currently
under investigation.

SUMMARY AND CONCLUSIONS

Comparative polysaccharide studies were made
on the sera of patients with rheumatoid arthritis
and degenerative joint disease. A limited number
-of patients with other collagen diseases and with
other joint diseases were also studied. The tryp-
tophan method was used to determine the polysac-
charide components other than hexosamine of the
total serum protein, albumin, pseudoglobulin, and
mucoprotein.

Elevations of the polysaccharide of the total pro-
tein, albumin, pseudoglobulin, and mucoprotein
were found consistently in the sera of patients with
rheumatoid arthritis, but not in those with degen-
erative joint disease. The polysaccharide con-
tent of the pseudoglobulin fraction was found to be
elevated in inactive rheumatoid arthritis, while
other components were unchanged. No significant

TABLE 1V
Comparison of serum polysaccharide values with erythrocyte sedimentation rates

Erythrocyte sedimentation rate*

(Wintrobe)
No. of Number
cases Polysaccharidet Average Range elevated}
Degenerative joint disease 28 1.85 26 5-46 20
Rheumatoid arthritis
Active 62 2.57 . 40 5-65 58
Early 9 2.03 27 841 7
Rheumatoid spondylitis 13 1.90 25 5-38 9

* Expressed in millimeters per hour.

I Percentage of polysaccharide not including hexosamine components found in serum protein.
Number of patients with sedimentation rates above 15 millimeters per hour.
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correlation between erythrocyte sedimentation rate
and the polysaccharide percentage of serum protein
was found in rheumatoid arthritis patients.
Elevations of serum polysaccharides were found
in two cases of active gout and in one case of lupus
erythematosus, while essentially normal levels
were noted in a limited number of patients with in-
active gout, dermatomyositis, periarteritis nodosa,
and Weber Christian Disease. The use of the de-
termination of serum polysaccharide as a diagnostic
aid to distinguish degenerative joint disease from
rheumatoid arthritis is suggested. '
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Pulmonary Function in Boeck’s Sarcoid, by M. Henry Williams,
Jr., J. Clin. Invest., 32: 9, 909, 1953. Table II.
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