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ABSTRACT

Objective: The sequential activities of the 11/5-hydroxysteroid dehydrogenase enzymes type 1 and 2 have not been in-
vestigated so far in patients suffering from rheumatoid arthritis before and after starting treatment though the enzymes
balancing cortisol and cortisone levels are involved in regulating various inflammatory diseases. Methods: In a retro-
spective study, a panel of 41 urinary steroid metabolites has been analysed in a group of 18 patients with active rheu-
matoid arthritis (RA) as they were brought under control with disease modifying drugs. Results: No major changes
were found in a variety of androgen, oestrogen and progesterone metabolites, however the ratio of THF + 5«THF/THE
as an index of 114-HSDI oxidative activity demonstrated down-regulation with modification correlating significantly
with change in acute phase reactants as the disease came under control. These findings were supported by a tendency of
a reduced ratio of F/E, an index of 115-HSD2 oxidative activity, resulting in a significant correlation of the two ratios (p
< 0.001). This parallelism of the two enzymes with functions of clinical laboratory parameters during drug-induced im-
provement of the disease is novel. Conclusions: Urinary steroid metabolites, which alter with disease activity, may pro-

vide further insight into the mechanisms by which stress can modify arthritis through hormones.
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1. Introduction

11p-hydroxysteroid dehydrogenase (115-HSD) enzymes
type 1 and 2 convert cortisol into receptor inactive corti-
sone and vice versa (type 1 only). The type 2 isoform,
mainly localised in the distal tubule of the kidney, inac-
tivates cortisol to cortisone in a unidirectional manner,
while 114-HSD type 1, mainly localised in the liver, acts
bi-directionally and can therefore restore cortisone to
active cortisol. The balance between serum cortisol and
cortisone is altered during the acute phase response in
inflammatory disease, with a shift towards active cortisol
[1]. Thus there is evidence that 115-HSD enzymes play
an important role in the modulation of systemic avail-
ability of cortisol during acute illness [2,3].

This mechanism may also be relevant for non-in-
flammatory diseases. Hypothalamic regulation of adipos-
ity is partly mediated through 114-HSD raising the rele-
vance of this pathway to inflammatory conditions that
may be hormonally influenced, such as rheumatoid dis-
ease [4]. Moreover, the pathway is also sensitive to in-
fluences of various drugs. TNF-a enhances intracellular
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glucocorticoid availability [5,6] and interleukin-1/ acti-
vates the cortisone/cortisol shuttle [7].

115-HSD enzymes play a pivotal role in the cardio-
vascular system [8] as well as asthma [9] and, in particu-
lar, ulcerative colitis, which can be associated with in-
flammatory arthritis [10]. Cytokines, hormones and drugs
such as ACE inhibitors, furosemide and carbenoxolone
act on 115-HSD enzymes in various ways [11,12]. We
have earlier studied urinary 6f-hydroxycortisol excre-
tion in rheumatoid arthritis (RA) as part of a larger
pharmacogenetic study to determine whether the activity
of the cytochrome P450 isoenzyme CYP3A4 was altered
by disease activity in RA [13] Urinary 6f-hydroxycorti-
sol excretions however did not correlate with measure-
ments of disease activity such as plasma viscosity (PV)
in 21 closely monitored patients with RA. The ratio also
appeared to be unaltered by disease modifying drugs
being used at this time (sulphasalazine, sodium auro-
thiomalate and d-penicillamine) [13]. The recent demon-
stration that RA synovial cells might have a reduced ca-
pacity for reactivation of glucocorticoids [14] prompted
us to analyze in a retrospective manner (investigation
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performed before year 2000) the urine samples stored
from the original study to determine the ratio of the tet-
rahydro-metabolites of cortisol, THF + 54THF, and of
cortisone, THE, as an index of 115-HSDI activity and
the ratio of F and E as an index of 115-HSD2 activity.
We hypothesized based on own observations investigat-
ing inflammatory cytokines on steroid metabolism, that
untreated inflammatory changes in rheumatoid disease
down-regulate the enzyme activity while effective treat-
ment might normalize the ratio of these metabolites [5-7].

2. Patients and Methods

Patients and disease assessments. Patients with RA
(ARA criteria) [15] and disease activity sufficient to jus-
tify the use of DMARDs were recruited (PV > 1.72 mPa
or Ritchie articular index (AI) > 16 or early morning
stiffness [16] > 1 h) [17]. Patients with a history of or
with laboratory evidence of hepatitis (excessive alcohol
intake, infectious, autoimmune or storage diseases) were
excluded.

Blinded to the results of steroid metabolites patients
were allocated either to sulphasalazine (SASP), sodium
aurothiomalate (gold) or d-penicillamine (DPA) accord-
ing to clinical criteria by the investigating physician.
Standard dosage regimens were used [18]. Dosage ad-
justments, due to toxicity, and concomitant drug therapy,
particularly drugs potentially interfering with 115-HSD
activities, were meticulously recorded. Whenever possi-
ble the concomitant drug therapy remained constant
throughout the study. No patient received systemic ster-
oid therapy or intra articular steroid injections during the
three months before the investigation.

At 0, 12 and 24 weeks disease activity of RA and
safety of the DMARD treatments were assessed as re-
ported earlier [13,18]. With each clinic visit a 24 h urine
collection was obtained. Urinary aliquots were stored at
—20°C.

Ethical committee approval was obtained from the
Ethics Committee of the Leeds Western Health Authority.
All patients gave informed consent.

Laboratory tests. Analysis of urinary steroid metabo-
lites was performed by gas chromatography-mass spec-
trometry as previously described [19]. Briefly, urine
samples were pre-extracted, enzymatic hydrolysed, ex-
tracted from the hydrolysis mixture, derivatised and gel
filtrated. Medroxyprogesterone was added as a recovery
standard. The samples extracted on Sep-Pak C18 col-
umns (Waters Corporation, Milford, Massachusetts USA)
were hydrolysed with sulfatase (Sigma-Chemical, St.
Louis, Missouri USA) and f-glucuronidase/arylsulfatase
(Roche Diagnostics, Rotkreuz, Switzerland). The result-
ing free steroids were extracted once more on a Sep-Pak
C18 cartridge and a mixture of Sa-androstane-3a, 17a-
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diol, stigmasterol, cholesteryl butyrate, and 3f5p-tetra-
hydroaldosterone added as internal standards. Samples
were derivatised to form methyloxime-trimethylsilyl
ethers. After adding 100 pl of methoxyamine HCI in
pyridine (Pierce Biotechnology, Rockford, Illinois USA)
the extracts were heated at 60°C for one hour. Then pyri-
dine was evaporated and 100 pl of trimethylsilylimida-
zole (TMSI) (Pierce) added to form trimethylsilyl ethers.
The derivatisation was carried out at 100°C for 16 hours.
The derivatives were purified by gel filtration on Lip-
idex-5000 columns (Perkin Elmer, Boston, Massachu-
setts USA). Samples were analysed on a gas chromato-
graph 6890N equipped with an autoinjector 7683a and
mass selective detector 5973 (Agilent Technologies, La
Jolla, CA USA) by selective ion monitoring (SIM). One
characteristic ion was chosen for each compound being
measured. Derivatised steroids were analyzed using a
temperature-programmed run (210°C - 265°C) over
35-min on a HP-1 MS column (15 m, 0.25 mm 1.D., 0.25
um film thickness) (Agilent). Calibration was performed
on a regular basis. Each “ion-peak” abundance was quan-
tified using the corresponding ion-peak of the internal
standard stigmasterol. 3aS5p-tetrahydroaldosterone was
quantified using 345p-tetrahydroaldosterone.

Statistical analysis. Statistical analyses included me-
dian, interquartile range (IQR) and Wilcoxon matched
pair test for differences between paired observations.
Linear correlation coefficients (r) were calculated where
appropriate. The significance level was set at p = 0.05
with two-sided testing. PV was considered as the primary
reference parameter of disease activity. The power to
detect difference between week 0 and week 24 was cal-
culated to be 1.000 (albumin), 0.9306 (platelets), 0.8286
(PV), 0.5949 [8] 0.5444, (THF + 5¢THF/THE), 0.3062
(CRP), 0.2602 [16] and 0.0606 (yGT), respectively) [20].

3. Results

Eighteen patients, 1 male and 17 females, suffering from
RA of at least 6 months duration (median 11 yr; IQR 7 -
20) were studied. Eight patients were positive for rheu-
matoid factor, 5 for antinuclear factor and 12 presented
extra-articular manifestations, in particular rheumatoid
nodules and keratoconjunctivitis. The median age was 58
yrs (IQR 53 - 68) and median weight 59 kg (IQR 53 - 72).
Median blood pressure was 140/80 mmHg (IQR 120/70
to 150/85 mmHg). The median creatinine clearance was
60 ml/min/1.73 m”at week 0 with no significant change
over the 24 weeks period. Five patients were smoking 5 -
30 cigarettes/day (median 20 cigarettes), while 13 pa-
tients were non-smokers. Three patients were drinking
alcohol > 70 g/week, five patients < 70 g/week and 10
patients denied alcohol consumption. In the past eleven
out of the 18 patients (61%) had been treated with a drug
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regimen conventional at this time, namely DMARD
(DPA (n = 3), gold (n = 2), SASP (n = 2), hydroxy-
chloroquine (HCQ) (n = 2), auranofin (n = 1) and meth-
otrexate (MTX) (n=1). All 11 patients started a different
DMARD allowing a treatment interval of at least three
months for gold, one month for MTX and one week for
the remainder.

At the beginning of the study all 18 patients were al-
located to a new regimen of DMARD treatment. Eight
patients were started on gold, 5 on SASP and 5 on DPA.
No patient was given furosemide, a known inhibitor of
115-HSD2 [11]. One patient was taking hydrochlorothi-
azide 25 mg/day from week 0 to 24, a questionable in-
hibitor of 115-HSD2 [21]. All other drugs used, such as
non-steroidal anti-inflammatory drugs, analgesics, other
diuretics, pS-blockers, were not reported to influence
115-HSD2. One patient was taking quinalbarbitone 100
mg/day from week 0 to 24, a well-established inducer of
cytochrome P450. Eight patients were given substrates of
the CYP3A4 isoenzyme that might influence the 6p-
OHC output, such as nifedipine (one patient taking 80
mg/day from week 0 to 24), codeine (one patient taking
24 mg/day at week 12 and one 48 mg/day and 32 mg/day
at week 12 and 24 respectively) and dihydrocodeine (two
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patients taking between 20 and 40 mg/day from week 0
to 24, one patient with 30 mg/day at week 12, one patient
with 120 mg/day at week O and, finally, one with 120
mg/day and 60 mg/day at week 12 and 24 respectively).
All other drugs used were judged unlikely to influence
the CYP3A4 isoenzyme.

Over the 24 weeks period disease activity of RA de-
creased significantly (median PV week 0 = 1.85 mPa
(IQR 1.76 - 1.90), week 12 = 1.77 (IQR 1.71 - 1.89),
week 24 = 1.77 (1.66 - 1.84), p < 0.01; median Al week
0=24 (IQR 17 - 29), week 12 =15 (10 - 23), week 24 =
11 (IQR 6 - 23), p < 0.02, respectively). Concurrently,
significant changes from baseline were found for plate-
lets (decrease), haemoglobin (increase), albumin (in-
crease), globulins (decrease), IgG, IgA, IgM (decrease),
but not for CRP, yGT, leucocytes, lymphocyte count, C3,
C4 and EMS (data not shown). No significant changes of
urinary steroid metabolite excretion (median values)
were detected over the observed time periods (Tables 1
and 2) and all urinary steroid levels were in the normal
range. Over the same time period the ratio of the tetrahy-
dro-metabolites THF + 5«THF/THE, an index of 115-
HSDI activity, decreased significantly (median week 0 =

Table 1. Sequential data of urinary sex steroid metabolites (ng/24h). Median and Interquartile range (IQR) of RA patients (n
= 18) before (urine 1), 12 (urine 2) and 24 (urine 3) weeks after treatment are given.

URINE 1 pg/24h URINE 2 pg/24h URINE 3 pg/24h
METABOLITES IGR IGR IGR
MEDIAN LOW HIGH MEDIAN LOW HIGH MEDIAN LOW HIGH

ANDROGEN

ANDROSTERONE (AN) 451.2 276.8 784.6 409.3 3399 658.5 450.4 298.7 602.2
ETIOCHOLANOLONE (ET) 618.6 388.8 9122 558.6 3574  978.2 592.0 387.4  1139.7
ANDROSTENEDIOL 92.5 68.3 1119 67.3 563 112.6 67.9 54.6 89.6
11-OXO-ETIOCHOLANOLONE 239.3 106.4 315.0 146.6 99.5  212.0 176.6 130.6 235.8
/lkllflgl-)%\(()lgigl){?){NE 594.7 221.5 708.8 468.2 3419 605.1 468.6 300.8 727.2
11-HYDROXY ETIOCHOLANOLONE 361.4 122.3  401.2 178.9 107.2  291.7 161.8 103.2 277.6
DEHYDROEPIANDROSTERONE 147.8 56.5 442.1 65.0 29.2 2204 100.9 332 197.4
5-ANDROSTENE-34,17p -DIOL 144.8 60.2 187.2 86.5 63.8 97.4 70.5 53.0 135.8
160-HYDROXY-DHEA 2014 102.2 2895 107.3 64.1 1935 145.6 51.7 340.5
5-ANDROSTENE-34,160,17p TRIOL 184.2 136.0  280.7 187.1 104.8  315.7 207.0 108.7 354.7
5-PREGNENE-34, 164,17 TRIOL 117.4 552 1434 87.6 50.0 133.8 108.1 49.5 192.7
TESTOSTERONE 8.0 5.1 18.9 8.8 6.4 14.1 8.7 4.7 12.5
50-DIHYDROTESTOSTERONE 6.9 2.8 8.9 7.1 3.6 8.7 5.4 34 6.1
ESTROGEN

ESTRIOL 1.6 1.3 2.8 1.9 1.4 23 1.9 0.8 4.6
176-ESTRADIOL 0.8 0.4 3.1 1.4 0.4 2.1 1.7 0.3 4.2
PROGESTERONE

17-HYDROXYPREGNANOLONE

(17HP) 38.1 21.8 45.5 34.7 15.1 52.8 31.7 22.4 48.7
PREGNANEDIOL 134.7 91.2  231.7 80.2 632 146.8 128.6 62.1 307.7
PREGNANETRIOL [34] 254.8 166.2  452.6 233.1 1459 3304 2914 147.6 582.6
11-OXO-PREGNANETRIOL

(PTONE) 10.1 6.6 14.7 8.1 5.0 13.0 8.7 5.0 18.7
Copyright © 2012 SciRes. 1JcCM
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Table 2. Sequential data of urinary glucocorticosteroid and mineralocorticosteroid metabolites (ng/24h). Median and Inter-
quartile range (IQR) of RA patients (n = 18) before (urine 1), 12 (urine 2) and 24 (urine 3) weeks after treatment are given.

Urine 1 pg/24h Urine 2 pg/24h Urine 3 pg/24h
METABOLITES IGR IGR IGR
Median Low High  Median Low High  Median Low High
CORTISOL
Cortisone (E) 76.3 42.8 141.8 83.2 68.6 92.8 91.2 52.8 108.5
Tetrahydrocortisone [28] 2662.9 22341 30652 24789 18559 35033 3325.7 1732.6 41835
a-Cortolone 782.9 5283 1041.1 786.1 611.8 9925 800.3 484.7 13379
p-Cortolone 253.7 1946 3142 239.3 1646  369.5 196.8 1523 4404
20a-Dihydrocortisone 7.8 53 14.0 8.1 6.0 10.1 8.3 4.7 10.9
20f-Dihydrocortisone 34.5 22.5 47.6 37.1 28.3 50.4 38.9 229 529
Tetrahydrocortisol (THF) 2087.9 13740 22105 1626.7 13242 22741 1813.6 996.4 28333
5a-Tetrahydrocortisol (5a-THF) 731.9 404.6 886.3 619.3 462.3 931.9 624.3 462.7 1059.3
a-Cortol 292.1 223.0 4203 290.4 220.6 4417 250.7 170.7  469.1
p-Cortol 3214 2019  429.6 264.8 207.4  469.2 272.4 1929 5323
20a-Dihydrocortisol 27.0 18.0 74.3 35.8 25.2 55.6 32.5 18.6 43.9
20p-Dihydrocortisol 160.9 120.8 188.5 114.2 110.1 147.2 98.1 86.4 115.3
6p-Hydroxycortisol 27.0 12.0 50.3 36.6 17.4 42.4 44.2 13.8 51.2
18-Hydroxycortisol 128.8 81.2 256.9 76.4 54.8 123.9 135.7 107.4 163.6
Totalt F metabolites 47754  3609.0 66473 5853.2 4046.0 8768.7 6389.1 4919.3 8727.0
CORTICOSTERONE
TetrahydroDOC (THDOC) 4.8 3.4 11.3 4.0 2.7 8.2 5.6 35 10.5
Tetrahydro-11-dehydrocorticosterone (THA) 95.3 73.8 127.2 85.2 55.7 96.5 80.8 542 122.1
Tetrahydrocorticosterone (THB) 177.4 114.6 250.2 158.3 99.3 179.2 137.5 82.8 223.2
Sa-Tetrahydrocorticosterone, (5a-THB) 184.6 102.1 277.6 181.7 138.7 240.4 181.7 122.4 256.7
18-Hydroxytetrahydro-compound A (18-OH-THA) 65.3 25.1 175.0 46.8 30.9 90.7 46.6 19.4 66.8
11-DEOXYCORTISOL
Tetrahydrosubstance S (THS) 58.5 345 70.2 52.0 31.7 83.9 63.0 43.8 82.6
ALDOSTERONE
Tetrahydroaldosterone 19.2 12.7 30.6 129 10.6 18.3 14.0 10.8 26.6

1.05 (IQR 0.91-1.25), median week 12 =0.91 (IQR 0.83 -
1.05), median week 24 = 0.85 (IQR 0.77 - 1.17) (Table 3
and Figure 1, p < 0.05). Similarly, the ratios of cor-
toles/cortolones and 110H-andro + 110H-etio/11oxo-etio
indicated a slightly impaired oxidative activity of
115-HSD1 (Figure 1, p < 0.05). Likewise, a tendency,
but not significant changes of the 115-HSD2 and 5a/58
reductase activities were observed (Figure 1). Overall a
significant correlation of the oxidative activities of the
two 118-HSD enzymes was obtained (Figure 2, p <
0.001).

Importantly correlations between the ratios of cortisol
to cortisone metabolites, (THF + 5aTHF/THE) and F/E
as index markers of the activities of 115-HSD1 and 2, re-

Copyright © 2012 SciRes.

spectively, [22,23], and various clinical and laboratory
parameters of disease activity were found (Figures 3 and
4). These correlations present evidence, that the enzyme
activities are regulated by the disease activity (Figures 3
and 4). The ratios are correlating significantly with the
PV (r=0.482 and 0.452, p < 0.001 for both), platelets (r
=0.426 and 0.513, p < 0.01 and p < 0.001) and albumin
(r=10.348 and 0.504, p < 0.05 and p < 0.001) (Figures 3
and 4), CRP (r = 0.560 and 0.606, p < 0.001 for both),
vGT (r = 0.496 and 0.564 p < 0.001 for both) (data not
given). Correlations however with clinical parameters
such as Al (r = 0.010 and 0.040, ns for both) (Figures 3
and 4) and EMS (r = 0.386 and 0.254, p < 0.01 and ns)
(data not given) were less prominent. In addition, a weak

1JCM



258 Regulation of 11f-Hydroxysteroid Dehydrogenase Types 1 and 2 in Rheumatoid Arthritis

Table 3. Enzyme activities. Median and Interquartile range (IQR) of RA patients (n = 18) before (urine 1), 12 (urine 2) and 24
(urine 3) weeks after treatment are given.

Urine 1 Urine 2 Urine 3

Enzyme Activity IGR IGR IGR

Median Low High Median Low High  Median  Low High

21-HYDROXYLASE

17HP/(THE + THF + 5aTHF) 0.008 0.005 0.009 0.005 0.004 0.008 0.005 0.004 0.009
PT/(THE + THF + 5¢THF) 0.051 0.033 0.080 0.053 0.033 0.076 0.054 0.038 0.095
100 x PT'ONE/(THE + THF + 5aTHF) 0.189 0.100 0.263 0.189 0.136 0.199 0.178 0.111 0.330

17-HYDROXYLASE

(THA + THB + 5aTHB)/(THE + THF + 5aTHF) 0.086 0.073 0.108 0.079 0.065 0.093 0.077 0.064 0.095
(THA + THB + 5aTHB)/(AN + ET) 0.378 0.259 0.617 0.414 0.257 0.550 0.345 0.255 0.550
100 x THDOC/(THE + THF + 5¢THF) 0.111 0.069 0.208 0.105 0.071 0.296 0.094 0.074 0.374

11-HYDROXYLASE

100 x THS/(THE + THF + 5aTHF) 1.020 0.877 1.636 0.992 0.855 1.527 0.929 0.823 1.360
100 x THDOC/(THE + THF + 5¢THF) 0.111 0.069 0.208 0.105 0.071 0.296 0.104 0.075 0.413
11B-HSD
F/E 1.009 0.809 1.436 1.017 0.782 1.253 0.895 0.786 1.108
(THF + 5¢THF)/THE 1.049 0.907 1.251 0.906 0.828 1.047 0.854 0.766 1.167
(F + E)/(THE + THF + 5aTHF) 0.033 0.023 0.037 0.030 0.024 0.041 0.026 0.023 0.034
11p-HSD1 11-HSD2 Sa/5B-reductase
p <0.05

4.5 = |

4.0 —

3.5 — |

3.0 —

25

2
2,0 - p<0.05
15 — p <0.05
e p <0.05
1.0 1
0.5
0
cortols THF+5aTHF 110H-andro+110H-etio  F_ etio THF
cortolones THE 11oxo-etio E andro SaTHF

Figure 1. Urinary steroid metabolite ratios from patients with RA before and after treatment for 12 and 24 weeks. Median
values of ratios representing oxidative 115-HSD1 activity decreased significantly (p < 0.05) as a function of treatment time,
indicating higher amounts of metabolites of the receptor inactive cortisone formed. A similar tendency was observed for
114-HSD2 and 5a/5f-reductase activities. The median was calculated from 18 patients at week 0 (black column), week 12
(grey column) and week 24 (white column).
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Figure 2. The oxidative activity of 115-HSD2 correlates with
the oxidative activity of 114-HSD1. The ratios of F/E de-
termined in urine from RA patients after 0 week (closed
circle), 12 weeks (open circles) and 24 weeks (open quad-
rangles) treatment correlated significantly with the ratios of
the tetrahydro-metabolites (p < 0.001).

correlation with creatinine clearance was observed, how-
ever not reaching significance.

There was no significant correlation with any other
laboratory or demographic features studied (haemoglobin,
leucocytes, lymphocytes, globulins, IgG, IgA, IgM, C3,
C4, age, weight and disease duration, respectively). No-
tably, the ratio THF + SaTHF/THE and F/E of the only
male studied was within the range of the 17 females.

4. Discussion

To our knowledge this is the first study measuring a large
panel of urinary steroid metabolites prospectively in a
group of patients with active RA brought under control
using a regimen of disease-modifying drugs. Although
there was little serial change in the majority of hormones
and their metabolites, the correlation of the ratio of cor-
tisol to cortisone tetrahydro-metabolites as an indicator
of 115-HSD1 activity rather than F/E as an indicator of
115-HSD2 activity was significant for those acute phase
reactants proposed to be the most reliable indicators of
inflammation in rheumatoid disease (Figures 1, 3 and 4).
The two ratios correlated significantly in a positive man-
ner plotting the 3 time points of 0, 12 and 24 weeks of
treatment (Figure 2) indicating a parallel oxidative ac-
tivity of the two enzymes. In this respect we propose that
RA could be added to the list of conditions where altered
115-HSD regulation might be of pathogenetic impor-
tance.

That hormonal changes are important in the progres-
sion of rheumatoid arthritis has long been recognised.
Evidence for this comes from changes occurring in
rheumatoid arthritis during pregnancy [24] and circadian
variation [25], presumably because of the intricate asso-
ciation between the hypothalamus, the endocrine system
and circulating hormones [26,27]. This probably accounts

Copyright © 2012 SciRes.
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Figure 3. Correlations of the oxidative 114-HSD1 activity
expressed as the ratio THF + S¢THF/THE and selected
parameters of disease activity. Oxidative 115-HSD1 activity
was correlated to plasma viscosity ((a), p < 0.001)), platelet
counts ((b), p < 0.01), plasma albumin levels ((c), p < 0.05)
and articular index (d) (ns) in all patients at week 0 (closed
circles), week 12 (open circles) and week 24 (open quadran-
gles). The normal range for plasma viscosity is <1.72 poise,
for platelets 1.50 - 4.00 x 10"'/1, for albumin 37 - 49 g/l and
for articular index 0.
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Figure 4. Correlations of the oxidative 114-HSD2 activity
expressed as the ratio F/E and selected parameters of dis-
ease activity. Oxidative 114-HSD2 activity was correlated to
plasma viscosity (a) (p < 0.001)), platelet counts; (b) (p <
0.001), plasma albumin levels; (c¢) (p < 0.001) and articular
index; (d) (ns) in all patients at week 0 (closed circles), week
12 (open circles) and week 24 (open quadrangles). The
normal range for plasma viscosity is given on Figure 3.

for diurnal variation in symptoms, particularly grip
strength and tiredness, as well as disability [28]. This
does not just affect rheumatoid arthritis. In polymyositis,
there is a circadian variation in serum myoglobin levels
[29] confirming end-organ sensitivity to hormonal change.

The last decade has seen heightened interest in diurnal
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variation not just in hormones but also in cytokines. Of
necessity, our results derive from an era before cytokines
were manipulated as part of conventional therapy for
rheumatoid arthritis. Debatably, amongst cytokines, in-
terleukin-6 is one of those displaying most diurnal
change, particularly in polymyalgia rheumatica, a rheu-
matic disease in which diurnal variation is arguably even
more pronounced [30]. It would be of interest to repeat
this study in a group of rheumatoid patients brought un-
der control not only with TNF-a blockers but also with
particular attention to any sub-group requiring the use of
interleukin-6 blockade to relieve symptoms.

Surprisingly, and somehow at variance with the litera-
ture, amongst the large panel of steroids studied, andro-
gen [14,31,32], oestrogen [16,33] and progesterone [32]
metabolites did not display a change in their level as a
function of treatment. In part this may be because the
group was selected for need of immediate disease control,
not because coming from age or gender groups in which
hormones might have displayed greater influence. Nei-
ther does hormonal influence necessarily need to be me-
diated through metabolic pathways of disease activity.
There is increasing recognition from studies of inherited
abnormalities of collagen that progestogens particularly
can make previously asymptomatic hyperlax joints
symptomatic. If it is accepted that joint laxity exhibits a
Gaussian distribution in a normal population without
disease, the soil on which the seed of rheumatoid arthritis
is sown may also deserve consideration.

There is also no doubting the close relationship be-
tween psychological factors and rheumatoid arthritis.
Whether rheumatoid arthritis can be precipitated by a
psychological event is not certain but the undoubted
tiredness, intriguingly often relieved by TNF-a blockade,
the undoubted variation in symptoms in some patients in
relation to the menstrual cycle and the influence of stress
both psychological and physical on the condition [34,35]
all represent areas deserving of attention for which varia-
tion in all steroid metabolites, measured by means of a
urinary test, may provide the sensitive marker we are
needing.

It remains a possibility that urinary hormonal metabo-
lite levels might act as a surrogate for monitoring disease
progression. Traditionally this had been done with acute
phase reactants and quantitative serology. Cytokine le-
vels might provide more refinement but are expensive
and not always available. Serial arthroscopy with syno-
vial histology felt to represent the gold standard is inva-
sive and expensive, even though it offers the possibility
of histochemical staining demonstrating differential cyto-
kine expression [36,37]. Complementing these existing
methods of disease assessment with urinary steroid me-
tabolite analysis might add interesting insight into the
mechanisms and periodicity of this disease.
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