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SUMMARY

Analytical isotachophoresis has been applied to the separation of urinary constituents in
healthy controls and patients with rhaumatoid and osteoarthritis. Various methaods of com-
paring isotachograms have been investigated. Significant differences have heen demonstrated
between the pattern of UV-absorbing components in patients with rheumatoid arthritis and
healthy subjects.

INTRODUCTION

Isotachophoresis, where ions are separated on the basis of net mobility [1],
has been widely used in the analysis of a variety of complex peptide and pro-
tein mixtures. Thus, analytical isotachophoresis has been employed for the
quality control of peptide formulations [2, 3], in the analysis and isolation of
peptides in the “middle molecule” fraction of uraemie body fluids [4, 5], and
in the analysis of human serum, cerebrospinal fluid, urine and sweat proteins
[6--10], enzymes [11, 12], tissue proteins [6] and soluble immune complexes
[6, 13]. Conventional methods for analysing urine for UV-absorbing constitu-
ents, including proteins and peptides, are usually slow, insensitive and have a
low resolving power. Isotachophoresis might be a better technique for studying
these constituents. Proteinuria and peptiduria have been demonstrated in rheu-
matoid patients without renal involvement and are thought to mirror connec-
tive tissue involvement. Most studies have concentrated on particular proteins
[14—20]. The pattern of excretion cf urinary peptides and proteins in rheuma-
toid patients, and their diagnostic significance have not been investigated. The
objective of this study was, therefore, to investigate the use of isotachophoresis
in urine metabolic profiling and, in particular, to compare the pattern of excre-
tion of constituents in the urine of patients with rheumatoid arthritis and in
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healthy controls. A secondary objective was to investigate the use of various
methods of data handling and pattern analysis for large numbers of samples. - -

EXPERIMENTAL

Clinical material

Urine samples (24-h collections using sodium azide as preservative) were ob-
tained from ten healthy controls, ten patients suffering from rheumatoid ar-
thritis, and six patients with osteoarthritis. Those suffering from rheumatoid ar-
thritis were either housebound and contacted through their general practi-
tioners, or had been admitted to hospital for assessmnent and treatment. Those
with ostecarthritis were all hospital in-patients and acted as an “ill”’ control
group. Informed consent, detailed medical and drug histories, and where pos-
sible results of any relevant investigations were obtained. Samples were stored
frozen at —4° until analysed.

Conirols

Creatinine levels of the 24-h urines were determined by the Jaffe reaction
using a Technicon AutoAnalyzer II [21]. In order to ensure that complete 24-h
collections had been obtained, no urine was used which had a creatinine level
outside the mean + 2 S.D. for the relevant subject group. Urines were tested for
protein, haemoglobin, ketones, glucose and pH using Labstix (Ames Co.) in
order to eliminate patients with renal involvement or other pathologies.

Analytical isotachophoresis

Urine sampies to be analysed were first filtered through Millipore filters
(0.45 um, Millipore, London, Great Britain) to remove particulate matter. Then
aliquots (10 pl) of an equivolume mixture of urine and agueous Ampholine
solution (2% v/v Ampholines, pH 3.5—10; LKB, Croydon, Great Britain) were
analysed on the LKB Tachophor 2127. The leading electrolyte was hydro-
chloric acid (10 mmoi/l) in methyl cellulose (2 g/l, hish substitution; BDH,
Poole, Great Britain) buffered to pH 8.5 with ammediol (2-amino-2-methyl-1,3-
propanediol; Sigma, Poole, Great Britain). The terminating electrolyte was
glycine (20 mmol/l; BDH) brought to pH 10.0 by the addition of barium hy-
droxide solid (BDH), and was filtered to remove particulate matter. The initial
isotachophoresis run on the LKB Tachophor was at 150 pA until 10 kV was
reached and then the current was reduced to 100 gA. A 40-cm capillary was
used. Detection was by means of a UV detector (254 nm) connected to a chart
recorder.

Data handling

The UV traces for each analytical run were converted to a numerical form
(digitised) in the following manner. The UV trace was retraced using a chart re-
corder at constant speed with a variable resistor to alter the pen setting. The
variable output from this retracing was fed to a data logger and readings were
taken by the logger at intervals of the equivalent of one per second of the orig-
inal run. From the data logger a paper tape of the digitised UV trace was then
obtained.
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The paper tape produced from the chart recording, i.e. the UV trace in
numerical form, was then entered into a Data General Nova 2 computer and
the UV isotachophoresis trace displayed on the storage oscilloscope. This was
then checked against the original chart recorder output to ensure that ail peaks
had been entered and that none had been added. A second computer program
designed to locate peaks in the digitised data, i.e. locate and measure the
maxima in the peaks, was then run to produce (a) a *‘stick” diagram of peaks in
the sequence in which they occurred in the run, and (b) a listing of the peak
heights in the sequence in which they occurred in the run, with the peak height
in absorbance units.

RESULTS

Typical isotachophoresis runs and “‘stick” diagrams from normal, rheuma-
toid arthritic, and osteocarthritic subjects are shown in Fig. 1. Up to fifty differ-
ent UV-absorbing components were resolved in each of the urines. Whilst there
was some variation in the isotachophoresis peaks in healthy controls, this was
not great. No abnormal resulis were found on testing the urines with Labstix.
The data obtained from each run were analysed statistically in three ways
(Table I).

(1) In each analytical run, in all subject groups three distinct regions or
groups of peaks could be recognised in the UV trace. The number of peaks in
each region and the length of that region were measured and the area under all
the peaks in each region was determined by cutfing out and weighing. When
comparing the resulfs from the rheumatoid arthritic subjects with those from
the riormal controls, the most significant differences were found using the area/
number of peaks in region II. The most significantly different parameter when
comparing the results from the osteoarthritic subjects with the normals was the
length/number of peaks in region III.

(2) When the sequences of UV peak heights in the isotachophoresis traces
from patienis with rheumatoid arthritis were combined with those from the
normal subjects a master sequence was obtained. Then for each analytical run
the sequence of peak heights was compared with the master sequence and the
presence or absence of the peaks noted. Thus, for each disease or control group
of subjects the frequency of the presence of each peak was found. Using the x?
test the significance of the differences in the presence or absence of each peak
was analysed. The x? values for approximately six peaks indicated that these
peaks differed significantly in their presence in the two groups. However, be-
cause of the small number of runs, the total x2 value, i.e. the sum of all the x?
values, was not significantly different. Those peaks whose presence was shown
to be significantly different in the two groups were then located in each analyi-
ical run.

(3) Using the listing of the peak heights in the sequence in which they oc-
curred in the run, for each analytical run, each peak height was compared with
the next. Thus, if the second of two adjacent peaks had a larger peak height
than the first, this was regarded as an increase (+), and if the peak height of the
second peak was smaller this was recorded as a decrease (—). This was at-
tempted in order to define the overall shape of the UV isotachophoresis trace.
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TABLE I

: SIGNIFICANCE OF THE DIFFERENCES IN SELECTED VARIABLES IN ISOTACHO-
PHORETIC RUNS FROM RHEUMATOID ARTHRITIS AND OSTEQARTHRITIS URINES
COMPARED TO NORMAL, HEALTHY CONTROLS (¢-TEST)

Variable - : ‘Rheumatoid Osteoarthritic
, : Y P
Total length of rtun .1 0.1
Total numbhber of peaks 0.1 0.02
Length of region
I 0.05 : 01
11 0.1 0.1
111 0.1 01
Number of peaks in region
) § 0.1 0.1
11 01 0.05
m 0.1 0.1
‘Total length {total number
of peaks 0.1 0.1
Length/number of peaks
I 0.02 0.1
I 0.1 0.1
m 0.05 0.001
Area of region
I 0.02 0.1
I . 0.1 0.1
m . - 01 0.05
Area of region/number .
of peaks - :
I 0.02 0.1
H : 0.01 0.1
I 01 0.01.

The total numbers of increases and decreases were noted for each analytical run
for each subject group (Fig. 2). In some cases a series of increases (rises) or a
series of decreases (falls) occurred together in a run; these were also noted (Fig.
3). These series were compared using the Kruskal Wallis Test [22] which
showed no sxgmﬁcant dlfferenc&s between the groups (F:gs Z and 3).

Fig. 1. UV traces and “'stick” diagrams from the isotachophoretic analysis of urines from (a)
a healthy control, (b) a patient with rheumatoid arthritis, and (c) 2 patient with osteoarthri-
tis. Arrows indicate the limits of regions L, @I and II1.
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Fig. 2. Isotachophcresis: total number of increases (+) and decreases (—) in peak heights. N =
Normal subjects; RA = rheumatoid arthritic patients; OA = ostecarthritic patients.

Fig. 3. Isotachophoresis: number of sequences of rises and falls in peak heightz. N = Normal
subjects; RA = rheumatoid arthritic patients; OA = osteoarthritic patients.

DISCUSSION

This study has shown that isotachophoresis is a high-resolution fechnique
capable of separating urine into as many as fifty UV-absorbing components.
Differences in the patterns of urine UV-absorbing constituents separated by iso-
tachophoresis have been found between rheumatoid arthritic and osteoarthritic
subjects as compared with normal, healthy controls. Six of the components
showed significant differences beiween rheumatoid and normal subjects, but
only one of these components was identified.

Comparisor: of UV fraces from isotachophoretic runs is problematic since
the location of a component on a trace is dependent upon the number and the
concentration of other components present in the mixture being analysed. The
presence of extra components will cause an expansion, and the absence of com-
ponents a contraction of the trace.

If a large numker of complex patierns from isotachophoretic runs are to be
compared, which is necessary in order to overcome the problems of biological
variation, some form of data handling is necessary. In this case, by digitising the
data, locating the peaks in these data and measuring peak height, some data re-
duction was possible. Several statistical technigues were assessed in an attempt
to define and compare the shapes of the UV fraces. For small numbers of runs
this is easily done by eye, but with a large number of runs with many peaks this
becomes impossible.. Whilst all three approaches fried in this study demon-
strated differences between some of the UV-absorbing constituents of the sub-
ject groups, their main use was to indicate areas in the isotachophoretic run
which differed between the groups. Furiher studies would be necessary to iso-



353

" late and identify the constituents in these areas. More specific assays could then
. be developed to assess the value of measurmg such constituents in the diagnosis
and ment of rheumatoid arthriﬁs '

CONCLUSIONS

The use of isotachophoresis in the analysis of complex mixtures has, in the
past, been hampered by problems inherent in the interpretation and compari-
son of results. The relatively simple data handling techniques described here
have facilitated the comparison of UV traces from isotachophoretic runs and
demonstrated significant differences in the pattern of urine UV-absorbing sub-
stances between patienis with rheumatoid and osteoarthritis and healthy con-
trols. It is envisaged that further refinement of the data handling techniques to
include both UV and thermal traces will greatly enhance the usefulness of ana-
lytical isotachophoresis in metabolic profiling.

ACKNOWLEDGEMENTS

We would like to thank Drs. L_A. Pyke and H. Bird for providing the clinical
material for this study, Drs. F. Bultitude and C. Little for their advice with re-
gard to the isotachophoresis, and the computer department at Wolfson Re-
search Laboratories for help in the data handling. One of us (PMSC) acknowl-
edges the financial support of Roche Products Ltd. for the period of this study.

REFERENCES

1 F.M. Everzerts, J.L. Beckers and Th.P.E.M. Verheggen, Isotachophoresis — Theory, In-
strumentation and Applications, Elsevier, Amsterdam, 1976.

2 A. Kopwillem, Protides Biol. Fluids, 22 (1974) 715.

3 A. Kopwillem, F. Chillemi, A.D. Bosisio-Righetti and P. Righetti, Protides Biol. Fluids,
21 (1973) 657.

4 L. Zimmerman, A. Baldesten, J. Bergstrom and P. Fiirst, in press.

5 S.J. Newham, W. Dress, F.W. Bultitide ard G. Boocock, Procurement Executive, Minis-
try of Defence, AWRE, Aldermaston, 1977.

6 P. Delmotte, in N. Catsimpoolas (Editor), Electrophoresis, Elsevier, North-Holland,
1978, p. 115.

7 U. Moberg, S.G. Hjalmarsson, L. Arlinger and M. Lundin, in B.J. Radola and D. Graesslin
(Editors), Electrofocusing and Isotachophoresis, De Gruyter, Berlin, 1977, p. 515.

8 M. Bier and A. Kopwillem, in B.J. Radola and D. Graesslin (Editors), Electrofacusing
and Isotachophoresis, De Gruyter, Berlin, 1977, p. 567.

9 K. Uyttendacle, M. De Groote, V. Blaton, H. Peeters and F. Alexander, Protides Biol.

Fluids, 22 (1974) 743.

K. Uyttendaele, M. De Groote, V. Blaton, H Peeters and F. Alexander, 4. Chromatogr.,

132 (1977) 261.

11 G. Peltre and C.H. Brogren, in B.J. Radola and D. Grassslin (Editors), Electrofusing and
Isotachophoresis, De Gruyter, Berlin, 1977, p. 577.

12 C.H. Brogren and G. Peltre, in B.J. Radola and D. Graesslin (Editors), Electrofocusing
and Isotachophoresis, De fGruyter, Berlin, 19277, p. 587.

13 K.W. Hedlund and D.E. Nichelson, J. Chromatogr., 162 (1979) 76.

14 E. Meilman, M.M. Urivetsky and C.M. Rapoport, J. Clin. Invest., 42 (1962) 40.

15 A.C. Kibrick, C.Q. Hashiro and L.B. Safier, Proe. Soc. Exp. Biol. Med., 109 (1962) 473.

16 J4.P. Borel, J M. Caranjot and M.F. Jayle, Ciin. Chim. Acta, 16 (1376) 409.

17 D.J. Prockop and K.I Kivirikko, Ann. Int. Med., 66 (1967) 1243.

[
(]



354

18 H. Rienenstock and A.C. Klbnck, Ann. Rheum D:s-, 28 (1969) 28:

18- C. Friman, Commentat: Biol., 50 (1972).. ‘

20 MW. Von Stuhlsatz G. Filfil and M. Greﬂmg Deut Ges.. Rheuma&o.., 2 (1972) 65 .

21 D.L. Stevens and L.T. Skeggs, Standard Metkod N-11A, Technicon Instrument Corpora-
tion, Tarrytown, N.Y., 1965.

22 E.S. Pearson and H.D. Hartley, Biometrika Vol. 2, Cambridge Umvemty Press, Cam-
bridge, 1972, pp. 49—51.



