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Abstract

Measurement of the soluble fms-like tyrosine kinase 1 (sFlt-1)/placental growth factor (PIGF) ratio may be clinically useful
to discriminate systemic lupus erythematosus (SLE) from preeclampsia. Here, we present a pregnant woman with new-
onset SLE with hypertension, with the measurement of the sFlt-1/PIGF ratio during pregnancy. A 31-year-old Japanese
nulliparous woman, who had been diagnosed with idiopathic thrombocytopenic purpura at 10 years, had a systolic blood
pressure of 120 mmHg and was negative for proteinuria at 12! weeks. Since her blood pressure increased to 159/86 mmHg
with 3+ proteinuria at 25 weeks, preeclampsia was suspected. Deterioration of the kidney function (creatinine: 0.58 mg/
dL at 24+ weeks to 0.83 mg/dL at 33+® weeks) necessitated cesarean section at 33*® weeks. After delivery, she still showed
increased creatinine and proteinuria. Therefore, she was transferred to a nephrology specialist in a tertiary center and was
finally diagnosed with SLE with lupus nephritis class IV-G(A) (diffuse lupus nephritis). The serum levels of sFlt-1 and the
sFlt-1/P1GF ratio, which are usually elevated in preeclampsia, were within normal reference ranges at 27+6 28+ and 28*°
weeks of gestation, although the serum levels of PIGF were slightly lower than the normal reference range. In conclusion,

measurement of the sFlt-1/PIGF ratio may be clinically useful to discriminate lupus nephritis from preeclampsia.
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Introduction

Preeclampsia develops in 2-3% of pregnant women in
Japan [1]. Some pregnant women with new-onset throm-
botic thrombocytopenic purpura (TTP), hemolytic uremic
syndrome (HUS), or acute exacerbation of systemic lupus
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erythematosus (SLE) show clinical symptoms similar to
those of preeclampsia [2, 3]. Since SLE affects multiple
organ systems, women with SLE sometimes show both
hypertension and proteinuria. Thus, discriminating pregnant
women with new-onset SLE with both hypertension and pro-
teinuria from those with preeclampsia is sometimes difficult.

SLE usually occurs in females of reproductive age [2, 4],
and thus, it sometimes occurs around or during pregnancy. It
is important for obstetricians to accurately diagnose women
with new-onset proteinuria during the second half of the
pregnancy period with or without hypertension, because the
management of new-onset SLE during pregnancy should be
different from that for women with preeclampsia.

Soluble fms-like tyrosine kinase 1 (sFlt-1)/placental
growth factor (PIGF) ratio has already been an established
biomarker of preeclampsia [5]. Therefore, one possible way
to discriminate the two conditions may be to measure the
levels of sFlt-1/PIGF ratio, because women with preec-
lampsia often show a very high sFlt-1/PIGF ratio compared
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with those with chronic kidney disease [6, 7]. Several
studies measured circulating levels of sFlt-1 and PIGF,
whereby physicians can discriminate preeclampsia from
SLE [8-10]. Here, we show a pregnant woman with new-
onset lupus nephritis with hypertension during pregnancy,
in whom measurement of the sFlt-1/PIGF ratio might have
been clinically useful to discriminate lupus nephritis from
preeclampsia.

Case report

A 31-year-old Japanese nulliparous woman, who had been
diagnosed with idiopathic thrombocytopenic purpura (ITP)
at 10 years, was referred from a primary clinic to a regional
perinatal center at 12+! weeks. Her systolic blood pressure
(SBP) was 120 mmHg and proteinuria was negative. At
22+9 weeks, she had blood pressure (BP) of 125/76 mmHg
with 14 proteinuria on a dipstick test (Figs. 1, 2). At 24*°
weeks, her BP was slightly increased to 136/83 mmHg
with 2 4 proteinuria. She was admitted to this hospi-
tal at 257 weeks. Since her BP was 159/86 mmHg with
3+ proteinuria, she was suspected of having preeclamp-
sia. a-methyldopa at 250 mg/day was started. Since mild
hypertension (149/89 mmHg) with 3+ proteinuria (urinary
protein-to-creatinine ratio: 0.755 g/g Cr) persisted, she
was transferred to our hospital, a tertiary perinatal center,
at 267 weeks. Because she showed severe hypertension
(166/95 mmHg), a-methyldopa was increased to 750 mg/
day. However, it was subsequently discontinued, because her
BP was normalized at 29 weeks. Interestingly, proteinuria
did not resolve (0.6—1.2 g/day) regardless of normalization
of the BP. We decided to back-transfer her at 307> weeks.
At 33*2 weeks, hypertension (154/102 mmHg) recurred, and
she was admitted to the initial hospital. a-methyldopa was
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Fig. 1 Blood pressure changes during pregnancy and the puerperal
period. C/S cesarean section, SBP systolic blood pressure, DBP dias-
tolic blood pressure, w weeks of gestation, PPD postpartum days
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Fig.2 Changes of urine proteinuria and serum levels of creatinine
during pregnancy and the puerperal period. C/S cesarean section,
Uprot 24-h urine protein test (g/day), Cr serum level of creatinine,
Adm. admission, OB/JMU Department of Obstetrics in Jichi Medi-
cal University Hospital, OBGYN/Nasu RCH Department of Obstetrics
and Gynecology in Nasu Red Cross Hospital, Nephrol/JMU Division
of Nephrology in Jichi Medical University Hospital, w weeks of ges-
tation, PPD postpartum days

re-started. Because of a gradual drop in the platelet counts
(from 10.5 x 10%/pL at 24+ weeks to 7.6 x 10*/uL at 33+2
weeks) and deterioration of the kidney function (creatinine:
0.58 mg/dL at 247 weeks to 0.83 mg/dL at 337° weeks),
emergency cesarean section was performed at 337 weeks
(Figs. 1, 2). A female infant weighing 2,032 g was delivered.

Proteinuria continued during the puerperal period, and
her creatinine level increased to 1.13 mg/dL with granular
and red blood cell casts on postpartum day 11; then, she
was referred to Division of Nephrology on this hospital.
Hemolytic anemia (Hb of 6.0 g/dL) with a haptoglobin level
of <10 mg/dL appeared; then, 4 units of red blood cells
were transfused. Since the creatinine level was increased
to 2.77 mg/dL on postpartum day 23, she was referred to
Urology. She was diagnosed with disturbance of urination; a
urinary catheter was inserted and distigmine was prescribed.
The catheter was removed on postpartum day 28, because
the creatinine level decreased to 1.48 mg/dL. However,
proteinuria was continued (4.18 g/day on postpartum day
28). Although proteinuria> 3.5 g/day continued at least> 3
days, serum levels of albumin were almost > 3.0 g/dL; thus,
we excluded the possibility of nephrotic syndrome. In addi-
tion, she showed low complement and was positive for anti-
nuclear antibody (ANA) (x 160). Since the nephrologist sus-
pected atypical hemolytic uremic syndrome (aHUS), SLE,
or membranoproliferative glomerulonephritis (MPGN), she
was transferred to the Division of Nephrology in our hospi-
tal, a tertiary center (Jichi Medical University Hospital) on
postpartum day 29.

Thickness of bladder wall and right hydronephrosis with-
out either urinary stone or urinary obstruction was detected
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on postpartum day 31, and urinary culture was negative
finding, suggesting any inflammation in bladder and uri-
nary tracts; then, a double J ureteral stent was inserted in the
right ureter. A nephrologist suspected lupus cystitis. She was
finally diagnosed with SLE on postpartum day 34, because
4 SLE diagnostic criteria were met: (1) renal disorder (+):
increased protein and red blood cell casts; (2) hematologic
disorder (+): hemolytic anemia and thrombocytopenia; (3)
immunologic disorder (+): increased anti-ds-DNA antibody
of 199.3 IU/mL; and (4) ANA (+) [11, 12]. The level of
serum C3, C4, and CH50 was 31 mg/dL, 2 mg/dL, and 18.0
U/mL, respectively; hypocomplementemia was one of the
well-known feature of SLE. We surveyed the possibility of
microangiopathy. We finally excluded the possibility of TTP
and HUS. Although she showed the triad of aHUS, renal fail-
ure, microangiopathic hemolytic anemia, and thrombocyto-
penia, we finally concluded that her findings of aHUS might
be emerged due to SLE. Anti-phospholipid antibody was
negative. Plasma exchange was performed because of hemo-
Iytic anemia and thrombocytopenia. Methylprednisolone at
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Fig.3 Representative findings of Hematoxylin—Eosin (HE) stain (a),
periodic acid—methenamine-silver stain (PAM) stain (b), immuno-
fluorescence (c¢), and transmission electron microscopy (d, e). a, b
Glomeruli showed diffuse and global mesangial hypercellularity and
endocapillary proliferation. Glomerular sclerosis and crescent forma-
tion were absent. Fibrinoid necrosis (red arrow) was observed in sev-
eral arterioles. ¢ On immunofluorescence staining, C1q was coarsely

500 mg/day was administered intravenously for 3 days, fol-
lowed by prednisolone at 60 mg/day, tacrolimus at 2 mg/day,
and mizoribine at 200 mg every other day. Since thrombo-
cytopenia was ameliorated, renal biopsy was performed on
postpartum day 52.

Histological examination confirmed the diagnosis of
lupus nephritis class IV-G(A) (diffuse lupus nephritis). The
glomeruli showed diffuse and global mesangial hypercel-
lularity and endocapillary proliferation (Fig. 3a). Glomeru-
lar sclerosis and crescent formation were absent. Fibrinoid
necrosis was observed in several arterioles using PAM
stain (Fig. 3b). On immunofluorescence staining, C1q was
coarsely deposited in mesangial cells and peripheral glo-
merular capillaries (Fig. 3¢). Although C3, IgG, and IgA
were positive in mesangial cells and peripheral glomerular
capillaries, their staining intensity was weaker than that of
Clq (data not shown). Electron-microscopic examination
revealed dense deposits in basement membranes (Fig. 3d,
e). The histological and electron-microscopic findings did
not show microvascular lesions.
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deposited in mesangial cells and peripheral glomerular capillaries.
Although C3, IgG, and IgA were positive in mesangial cells and
peripheral glomerular capillaries, their staining intensity was weaker
than that of Clq (data not shown). d, e On electron microscopy, dense
deposits (red arrows) were observed in basement membranes, the
spaces under the epithelial (d) and endothelial cells (e)
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Hypertension was controlled by the administration of
enalapril. Because the patient showed diffuse and global
hyaline thrombi in glomeruli, dipyridamole was prescribed.
She was discharged from our hospital on postpartum day
67, with prescribed drugs of prednisolone at 35 mg/day, tac-
rolimus at 3 mg/day, mizoribine at 200 mg per every other
day, nifedipine at 80 mg/day, enalapril at 2.5 mg/day, and
dipyridamole at 50 mg/day.

We had started a study to evaluate the impact of the serial
measurements of the sFIt-1/PIGF ratio after the onset of
either hypertension and/or proteinuria on the development
of a more severe form of PE (I-12-78) [13, 14]. Written
informed consent was obtained from the patient. We per-
formed blood sampling at 27+, 28*!, and 28%° weeks of
gestation. After the puerperal diagnosis of SLE, the serum
levels of sFlt-1 and PIGF were measured using Elecsys
sFlt-1 and Elecsys PIGF (Roche Diagnostics, Penzberg, Ger-
many). The serum levels of sFlt-1 and sFlt-1/PIGF ratio at
27+6,28%! and 28%° weeks of gestation were within normal
reference ranges, although the serum levels of PIGF were
slightly lower than the normal reference range (sFlt-1 [pg/
mL]: 1,311, 1,311, and 1,208, respectively; PIGF [pg/mL]:
237, 245, and 219, respectively; and sFlt-1/PIGF ratio: 5.5,
5.3, and 5.5, respectively) (Fig. 4A, B, C) [13]. These indi-
cate that measurement of the sFlt-1/P1GF ratio in women
with new-onset SLE during pregnancy may be clinically use-
ful to rule out preeclampsia from new-onset lupus nephritis
during pregnancy. We did not measure serum levels of solu-
ble endoglin (sEng).

Discussion

To the best of our knowledge, we, for the first time, pre-
sented a pregnant woman with new-onset lupus nephritis
during pregnancy, in whom the measurement of the sFlt-1/
PIGF ratio might have been clinically useful to discriminate
lupus nephritis from preeclampsia. Although the sFlt-1/PIGF
ratio in women with late-onset PE is often within normal
reference ranges, the sFlIt-1/P1GF ratio in women with early
onset PE is very high in almost all cases [15, 16]. Therefore,
measurement of the sFlt-1/PIGF ratio at < 34 weeks of gesta-
tion may be clinically useful to rule out preeclampsia from
not only new-onset lupus nephritis but also other forms of
glomerulonephritis with hypertension.

Are there any clinical characteristics of new-onset SLE
during pregnancy that can help discriminate new-onset SLE
from preeclampsia? The occurrence of new-onset SLE tends
to concentrate in the first and second trimesters [3]. The
frequencies of the following clinical characteristics were sig-
nificantly higher, respectively, in new-onset SLE patients
than in those with preeclampsia: fever (27.1 vs. 4.2%), malar
lesion (35.4 vs. 0%), anemia (77.1 vs. 50.0%), leucopenia
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Fig.4 Serum levels of sFlt-1, PIGF, and the sFlt-1/PIGF ratio in a
woman with the initial onset of lupus nephritis in pregnancy. Gesta-
tional-age-specific reference ranges of serum levels of sFlt-1, PIGF,
and the sFIt-1/PIGF ratio during 19-38 weeks of gestation are shown
using non-dashed curves representing the 5th and 95th percentiles
of the reference ranges, and the short dashed curves represent the
mean of the reference ranges. Thick jagged lines represent the val-
ues at 27+, 28+, and 28*° weeks of gestation. sFir-1 soluble fms-like
tyrosine kinase 1, PIGF placental growth factor

(39.6 vs. 0%), thrombocytopenia (39.6 vs. 4.2%), active uri-
nary sediment (39.4 vs. 0%), hypocomplementemia (72.9 vs.
0%), ANA positivity (97.9 vs. 0%), and anti-dsDNA posi-
tivity (83.3 vs. 0%) [3]. On the contrary, the frequencies of
hypertension and hyperuricemia were significantly lower
in new-onset SLE patients than in those with preeclampsia
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(12.5 vs. 100%, 16.7 vs. 50%, respectively) [3]. If we had
examined urinary sediment, the level of complement, ANA,
or dsDNA antibody during pregnancy while suspecting new-
onset SLE, we could have diagnosed her with SLE during
the current pregnancy period. However, we did not suspect
new-onset SLE during pregnancy, mainly due to the lack of
fever and malar lesions, in addition due to our presumptive
diagnosis of preeclampsia.

Measurement of the sFlt-1/P1GF ratio may be useful to
discriminate gestational proteinuria without hypertension
from new-onset glomerulonephritis only showing proteinu-
ria in pregnancy. In our previous case report, we described a
parous woman who developed severe proteinuria (5.8 g/day
at 32 weeks of gestation), although she did not show hyper-
tension [17]. Because the sFlt-1 and sEng levels were very
high, we decided not to perform a kidney biopsy, and not to
prescribe a steroid-based agent [17]. After the cesarean sec-
tion at 33 weeks, proteinuria decreased to 0.36 g/day in post-
partum week 12, and finally disappeared in postpartum week
26, indicating that our presumptive diagnosis of gestational
proteinuria in pregnancy was correct [17]. The circulating
level of sFlt-1 is sometimes increased in women with gesta-
tional proteinuria, similar to those with preeclampsia [18].

Measurements of sFlt-1, PIGF, and the sFlt-1/P1GF ratio
may be useful to diagnose superimposed preeclampsia on
chronic glomerulonephritis. Circulating sFlt-1 and PIGF
levels were measured in 5, 5, and 5 women with superim-
posed preeclampsia on chronic glomerulonephritis, those
with severe proteinuria without hypertension, and those
with normal clinical course, respectively; the sFlt-1 levels
in women with superimposed preeclampsia on chronic glo-
merulonephritis were significantly higher than in those with
severe proteinuria, or those with a normal clinical course; in
addition, the circulating PIGF levels in women with super-
imposed preeclampsia on chronic glomerulonephritis were
significantly lower than in those with severe proteinuria, or
those with a normal clinical course [7].

Measurement of sFlt-1, PIGF, sFlt-1/PIGF ratio, and sEng
may be clinically useful to predict and diagnose preeclamp-
sia in pregnant women with anti-phospholipid syndrome
(APS) and/or SLE. These biomarkers were measured pro-
spectively at 4-week intervals in 17 women with primary
APS (PAPS), 18 women with secondary APS (SAPS), and
23 women with SLE; women who developed preeclampsia
showed significantly higher levels of sFlt-1, sFlt-1/PIGF
ratio, and sEng, and lower levels of PIGF, than women who
did not; in addition, these changes occurred at 12 weeks for
sFlt-1, PIGF and sEng [8]. However, it is not determined
whether these measurements could be useful to discriminate
new onset of SLE showing both hypertension and proteinu-
ria during pregnancy from superimposed preeclampsia.

In conclusion, measurement of the sFlt-1/PIGF ratio may
be clinically useful to discriminate new-onset lupus nephritis

in pregnancy from preeclampsia. However, it was not elu-
cidated whether measurement of the sFlt-1/PIGF ratio at
the appearance of either proteinuria with or without hyper-
tension could generally be used to discriminate the occur-
rence of preeclampsia from new-onset glomerulonephritis
in pregnancy. Reports on the sFlt-1/PIGF ratio measured
at the appearance of proteinuria with or without hyperten-
sion in pregnant women with a final diagnosis of chronic
nephritis should be accumulated, which will help answer
this important clinical question.
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