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Identification by cell electrophoresis of a
subpopulation of polymorphonuclear cells which is
increased in patients with rheumatoid arthritis and
certain other rheumatological disorders
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SUMMARY Two and occasionally three electrophoretic subpopulations of polymorphonuclear
cells (PMNs) were indentified in the blood of normal healthy subjects and patients with
rheumatoid arthritis (RA). Most of the PMNs from both groups of subjects were found in the
population with the highest surface charge; the remainder being in the other distributions, which
were collectively termed the slow cell population. There was a significant increase in the
percentage of rheumatoid PMNs (mean 42%) ascribed to the slow population when compared
with PMNs from normal subjects (mean 170/o). A similar increase in the slow cell population was
also seen in patients with Felty's syndrome (mean 38%) and scleroderma (mean 51%), but not in
patients with Behqet's syndrome (mean 18%). Synovial fluid aspirated from the knee joints of
patients with RA contained PMNs with the lowest surface charge. With nylon fibre as an
adherence substrate cells of a low surface charge were found to be more adherent than those of a
high surface charge. An alteration in the electrophoretic distribution of PMNs may represent
changes that are related to the expression of functionally related membrane ionogenic groups.

The polymorphonuclear cell (PMN) is the major
infiltrating leucocyte in the synovial fluid in in-
flammatory joints of patients with rheumatoid
arthritis (RA). Within this environment the ex-
tracellular release of lysosomal enzymes' and oxy-
gen radicals2 from PMNs may contribute to changes
that underlie the pathogenesis of joint damage.
Because the half life of the synovial fluid PMN in

RA is approximately four hours and the daily
turnover of PMNs in a rheumatoid knee joint has
been estimated at over one million cells,3 there must
be a continued extravasation of PMNs from the
circulation into the joint in order to maintain the
high local concentration of these cells. The ques-
tion arises of whether such PMNs represent a
selected subpopulation of cells whose functional
characteristics favour diapedesis into the rheuma-
toid joint.

Cell electrophoresis permits the indirect measure-
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ment of surface ionogenic groups, whose expression
may reflect the status of a cell's functional activity.
The maturation stages of the human PMNs in the
bone marrow are associated with a decrease in
electrophoretic mobility (EPM),4 whereas treat-
ment of macrophages with agents that reduce the
surface charge results in an enhancement of
phagocytosis.i5 6

Earlier studies had shown that the surface charge
of PMNs from a small number of patients with RA
was lower than that of PMNs from normal subjects7
and that cells of a high surface charge were less
adherent than those with a low surface charge.8 It
was the aim of the present study to confirm and
extend those findings by analysing PMNs from a
larger number of patients not only with RA but also
with other selected rheumatological disorders.
Furthermore, investigations were undertaken to
assess the adherent properties of the electrophoretic
subpopulations of rheumatoid PMNs, and to com-
pare the surface charge of synovial fluid PMNs with
that of blood PMNs from patients with RA.
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Patients and methods

PATIENTS AND CONTROl S

Blood was collected from 53 patients with definite or
classical RA9 and seven patients with Felty's syn-
drome, all of whom had neutropenia (mean
141x 109/l). In addition, blood samples were
obtained from 12 patients who satisfied the Amer-
ican Rheumatism Association criteria for sclero-
dermal( and 11 patients with Behcet's syndrome
who fulfilled the criteria of Mason and Barnes."
The control panel consisted of 69 blood samples
taken from 46 healthy hospital personnel. Eleven of
the normal subjects donated blood on two to five
occasions during the study.

SEPARATION OF PMNs
The method was a modification of that of Dioguardi
et al. 12 Twenty millilitres of heparinised blood (10
U/ml) was diluted with 140 ml of 0(83% ammonium
chloride and allowed to stand for 10 minutes at room
temperature. After centrifuging at 450 g for 10
minutes the supernatant was discarded and the
NH4Cl Iysis stage repeated. The PMN pellet from
the second lysis was washed three times by slow
centrifugation (55 g for 10 minutes) in calcium and
magnesium free Hank's balanced salt solution. This
slow centrifugation separated the large dense PMNs
from the smaller less dense lymphocytes, which
remained in suspension. The absence of divalent
cations in the medium prevented any spontaneous
aggregation of the PMNs and greatly increased the
yield of cells. The final cell pellet was adjusted to
1 x 106' cells/ml. Cell viability as shown by exclusion
of the trypan blue was always >96%, and the purity
of PMNs was approximately 90%. Once separated,
the PMNs were subjected to electrophoretic analy-
sIs.

For the isolation of PMNs from the synovial fluid
of patients with RA the fluid aspirated from knee
joints in the course of treatment was incubated with
75 U/ml lyalase for 30 minutes at 37°C before
dilution with ammonium chloride.

CELL ELECTROPHORESIS
A detailed description of the apparatus used for
electrophoretic analysis and its application in the
measurement of surface charge has been given
elsewhere.'3 PMNs were suspended at Ix 106 cells/
ml in Medium 199 containing 20 nmol/l HEPES
(N - 2 - hydroxyethylpiperazine - N'- 2 - ethanesul-
phonic acid; pH 7 2), and electrophoretic measure-
ments were made on 1 ml samples in a cylindrical
electrophoretic assembly (manufactured by Rank
Bros, Bottisham, Cambridge). Both electrode and
capillary chambers were kept at a constant 24°C and

contained Medium 199, pH 7 2. A polarising
voltage of 60 V produced a 4 mA current through
the capillary, resulting in a field strength of 8 0
V.cm-

For each determination 100 PMNs were scored
and the EPM, expressed as [tm.cm.s-'.V-', calcu-
lated from the following equation:

EPM distance migrated (25 ,um)
(tm.cm.s .V ) time(s)/field strength (V.cm ')

If the distance migrated by the cells and the field
strength applied are known the only variable needed
to calculate the EPM is the migration time of the
cells, to an accuracy of 1/4() s, over this fixed distance.
By reversing the polarity each cell was timed over
the same distance but in the opposite direction and
mean values accepted from pairs of timings with less
than 5% variation. Results were subjected to probit
analysis to test for departures from normal distri-
bution. '4 Subpopulations of cells with distinct differ-
ences in surface charge were distinguished from
plots of probits against EPM values. Deviations
from linearity implied the presence of more than
one population of cells.
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Fig. I Electrophoretic mobility distributions and probit
analyses ofPMNs from (a) a typical normal healthy subject
and (b) a patient with RA.
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ADHERENCE ASSAY
Nylon fibre which had been washed on three
separate occasions with 0*1 M HCl, distilled H20
and Medium 199 containing 10% fetal calf serum
was gently packed into the barrel of a 10 ml plastic
syringe to a depth of one inch from the narrow
orifice. Ten million PMNs suspended in medium 199
with 10% fetal calf serum were added to the column
(narrow orifice being closed) and incubated for 30
minutes at 37°C. The non-adherent PMNs were
eluted by several washes with medium 199.

STATISTICAL METHODS
Student's t test was used to determine the signifi-
cance of differences between the means of two
groups.

Results

Fig. 1 shows a typical EPM histogram of PMNs
isolated from the blood of a normal subject and a
patient with RA. Probit analysis of the different
speeds of migrating PMNs identified two and
occasionally three distinct electrophoretic sub-
populations. Those PMNs with a high surface charge
(i.e., cells contained in the histogram blocks nearest

Table I Longitudinal study of the electrophoretic
distribution of blood PMNs from two normal healthy
subjects

Subject Montths EPM (tun.cm.S 1. V I)

Population I Population 11 Population Ill

A I (091 (9()* 0(85 (8) 0(78 (2)
2 0-92 (90) 0(84 (10)
8 0(90 (85) 0(81 (12) 0(80 (3)

20 0.91 (84) 0-83 (11) 0(80 (5)

B 0-91 (85) 0(82 (7) 0(79 (8)
11 0)90 (85) 0(85 (9) 08() (6)
17 0.91 (84) 086 (I1) 0(80 (5)

*Numbers in hraickcts dcnotc perccntaige of cells ascribed to thait
populattion.

the vertical axis) are referred to as population I
(EPM >0*90 [tm.cm.s-'.V-I) and the others, in
decreasing order of surface charge, as population II

(EPM 0-80-0-89 [tm.cm.s-'.V-'), and population
III (EPM <0-80 [m.cm.s-'.V-'). For normal sub-
jects the EPM and percentage distribution of cells
within these subpopulations showed only minor
fluctuations as demonstrated by repeated tests on six
volunteers over a 20 month period, two of which are
shown in Table 1. Table 2 shows the results of
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Fig. 2 Comparison of the distribution ofthe slow
population ofPMNs from normal subjects with thatfor
patients with RA, Felty's syndrome, scleroderma, and
Beh(et's syndrome.

Table 2 Distribution of electrophoretic subpopulations of PMNs in the blood of normal healthy subjects and patients
with RA

Subjects Electrophoretic subpopulations

I 11 Hil

EPM* % EPM % EPM %

Normals (n=69) 0-91 (0-01) 83 (10) 084 (0-02) 13 (17) 077 (0.03) 4 (5)
RA (n=53) 0-91 (0-01) 58 (19) 083 (0-02) 31 (15) 0-76 (0.03) 11 (10)

*EPM values are expressed as (sm.cm.s-'.V- (standard deviation).
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measuring surface charge distribution on PMNs
isolated from the blood of 53 rheumatoid patients
and 69 normal samples. There was a significant
decrease in the representation of population I ('fast'
cells) in the RA group (prevalence 58%; p<0.00l).
Correspondingly, the representation of populations
II and III ('slow' cells) was increased in patients with
RA (prevalence 42%; p<0.001). Although the EPM
values of individual subpopulations in RA corres-
ponded with those of normal subjects, two thirds
(35/53) of rheumatoid samples contained a percen-
tage of 'slow' cells (i.e., with EPM <0.90) higher
than two standard deviations above the normal
mean (i.e. 30%), while this was seen only in 10/69
normal samples.
To ascertain if the increase in the slow population

was a general consequence of inflammation rather
than an observation peculiar to RA, electrophoretic
determinations were performed on PMNs isolated
from the blood of patients with other rheumatolo-
gical disorders. Fig. 2 shows that the slow popula-
tion was increased in the blood of patients with RA

Table 3 Electrophoretic anallsis o] .msylovialflulid PMN.s

(mean 42%; p<0001), Felty's syndrome (mean
38%; p<0.001), and scieroderma (mean 51%;
p<0-001) but not in patients with Behcet's syn-
drome (mean 18%O) when compared with normal
subjects (mean 17%i0).

Electrophoretic determinations were also per-
formed on synovial fluid PMNs isolated from
patients with RA. Of the 13 samples examined, only
two presented an EPM profile similar to that seen
with blood PMNs from normal healthy subj'ects
(Table 3). Interestingly, both of these atspirates were
obtained from the left and right knee joints of a
patient with RA during one visit to the clinic.
Overall, the percentage of synovial fluid PMNs
ascribed to population I was significantly less (mean
31%; p<0()()()) than that of blood PMNs obtained
from any of the patient groups. Many of the synovial
fluid PMNs often possessed the lowest EPM re-
corded in this study.
When blood PMNs from patients with RA were

applied to nylon fibre columns and subsequenitly
eluted it was the cells of a low surface charge that

obtained froin kniee a.sp)irales of 12 /painiit.s nithi RA

Patiet7t
No

Percentage Distribiuioni of I'MNs /or tdh followingE M.'I'Ms

0-91-) 93

I (L);X
(R)

2
3
4
5
6
7
8
9

I()
I1
12

Mean (SD)

82
77
39
18
24
2(1)
8

38
13
3(0
17
14
1 )

X3X (2-3)

0-80-0-89

16
20
53
2(

43
53

16 (21)

0 70-f) 7(

3
8

62
2.1
73
801
62
27
1 7
3(0
39
78

39 (28)

*EPM units airc tm.cm.s I.V .

,For paticnt No I PMNs wcrc obtiniicd from the lcft (L) aind right ( R) kicc joilis.

Table 4 Electrophoretic profile of PMNs from four patientis with RA belfore anttd aftic- passage throlig/i nylon
fibre columns

Patient No 1 2 4

Electrophoretic 1 11+111 1 11+111 1 11+111 1 11+l11
population

Percentagc PMNs
Before column 51 49 44 46 69 31 73 27
Aftcr column 92 8 88 12 97 3 87 13

0-( (-069 ().1()-(9.1)

31
7

1-'

19

I53
47

13 (19)
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were preferentially retained (Table 4). These results
suggest that PMNs of a low EPM are more adherent
than cells of a higher surface charge.

Discussion

This study has shown that blood PMNs of normal
healthy subjects and patients with rheumatological
disorders often consist of at least two electrophor-
etic subpopulations with most of the cells residing in

the population of a high surface charge. For normal
healthy subjects the EPM values and percentage
distribution of cells ascribed to these subpopulations
showed little fluctuation over several months.
Although the EPMs of the subpopulations in RA
were identical to those shown from normal subjects,
they often contained significantly more cells of a low
surface charge, which were selectively retained on

nylon fibre columns. This increase in the slow
population was not confined to RA as shown by the
similar finding with PMNs from patients with Felty's
syndrome and scleroderma but not with PMNs from
patients with Behcet's syndrome.
From previous demonstrations that a decrease in

cell surface charge is associated with an increase in

adherence& 7the present data could be interpreted
as suggesting that the adhesiveness of RA PMNs is

greater than that of control PMNs. We recently
showed, however, that there was no difference
between the adherence properties of RA and
control PMNs to cultured porcine endothelium.'-'
The apparent anomaly of these observations is

probably related to a difference in experimental
conditions. In the adherence studies most experi-

ments were undertaken with serum present in the
culture media, whereas all electrophoretic deter-
minations were undertaken in the absence of serum.

When the adherence assay was performed without
serum the small number of blood PMNs attaching to
endothelium made it difficult to evaluate any

significant changes between the normal and RA
groups. Interestingly, the adherence of RA synovial
fluid PMNs to endothelium in the absence of serum
was greater than that of matched blood PMNs, and
in the present study many of the synovial fluid
PMNs possessed the lowest recorded surface charge.
Scanning electron microscopy of blood PMNs

from patients with RA has shown morphological
characteristics distinct from those of normal
PMNs,'" and such changes may reflect an alteration
in the expression of membrane glycoproteins, whose
ionogenic groups determine the electronegative
nature of the cell surface. The very low EPM of the
synovial fluid PMNs may represent a loss of
membrane associated, N-acetylneuraminic acid con-

taining glycoproteins, whose decreased expression
relates to the impaired chemotaxis and phagocytosis

of synovial fluid PMNs.'7 '8 Although previous
reports have shown that a decrease in surface charge
increases the phagocytic activity of macrophages,
there may not be a single direct relation between a
lowering of the EPM and an enhancement of cell
function. It is conceivable that an augmentation or
impairment of the functional activity of phagocytic
cells depends upon the extent of PMN charge
reduction. Experiments are in progress to examine
this possibility.
Blood PMNs are known to consist of a circulating

and marginating pool of approximately equal
distribution,'" the circulating PMNs being located in
the axial stream, and marginating PMNs in contact
with vascular endothelium. The slow population
identified in this study may contain a proportion of
marginating PMNs which are not firmly bound to
the vascular wall. Hence an increase of the slow
population could represent an increase in the
marginating: circulating PMN ratios. The leucopenia
associated with Felty's syndrome is believed to be a
result of an increase in the number of marginating
cells,2" 21 though as far as we are aware there have
been no reports of a disturbance between the
circulating and marginating PMN pools in patients
with RA and scleroderma.
That the slow population was increased in PMNs

from patients with scleroderma was unexpected in
that, as far as we are aware, these cells have not
been accorded an active role in the pathology of this
disease. Serum samples from patients with sclero-
derma are cytotoxic for cultured vascular
endothelium,22 23 and as a protease dependent
mechanism has been described24 it is plausible that
some of the agents inducing cytotoxic activity, which
may include the reactive oxygen metabolites, origin-
ate from PMNs. Support for this view stems from
the recent demonstration that the chemiluminescence
of PMNs from patients with scleroderma is greater
than that of controls. Thus in scleroderma an
increase in the slow population may be associated
with a particular stage of activation that is not seen
in patients with Behcet's syndrome, where the
PMNs display an in vitro chemotactic hyperrespon-
siveness26 27 but an impaired migration through skin
abrasions into chambers in vivo.27
A decrease in surface charge may result from the

acquisition of more electropositively charged groups
on the membrane, the loss of ionogenic groups
containing N-acetylneuraminic acid, or their mask-
ing by circulating soluble factors. The last possibility
was investigated in the accompanying paper.8
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