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Abstract

Background: The interactions between thyroid and kidney
have been reported mainly in the patients with
proteinuria coexistent with autoimmune thyroiditis. The
proposed mechanisms focus on direct effects of thyroid
hormone on the hemodynamics and morphology of
kidney and indirect effects through deposition of immune
complexes consisting of thyroid component.

Case presentation: Herein we describe two cases
presenting with proteinuria associated with thyroid
disorder. Both patients presented with nephrotic-range
proteinuria and hematuria but were not responsive to
immunosuppression therapy. Immunopathology
demonstrated the deposits of multiple immunoglobulins
and complements along glomerular basement membrane
and mesangium. One case presented with mesangial
proliferative glomerulonephritis (MsPGN) in the context
of thyroid papillary carcinoma. After removal of tumor,
the urine protein disappeared. This is the first report
about the MsPGN related to thyroid tumor. The other
case was diagnosed as MN secondary to Hashimoto’s
thyroiditis. More interestingly, both patients suffered
relapse of the proteinuria accompanied by opposed
disturbance of thyroid hormone at the follow-up. Once
the thyroid hormone was corrected, the renal function
improved.

Conclusion: This study proposes a possibility that a
hormone-cytokine axis connecting these two organs
mediates the changes of microenvironment in kidney with
the thyroid hormone change, and then influence the renal
function.
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Abbreviations: MN: Membranous Nephropathy, MSPGN:
Mesangial Proliferative Glomerulonephritis, AT:
Autoimmune Thyroiditis: C1q: Complement 1q, C3:
Complement 3, C4: Complement 4; IgA: Immunoglobulin

A, IgG: Immunoglobulin G, IgM: Immunoglobulin M, FT3:
Free Triiodothyronine; FT4: Free Thyroxine; TSH: Thyroid
Stimulating Hormone; Anti-PLA2R: Anti-Phospholipase A2
Receptor Antibody; MCD: Minimal Change Disease; FSGS:
Focal Segmental Glomerulosclerosis; MsPGN:
Membranoproliferative Glomerulosclerosis; IgAN:
Immunoglobulin A Nephritis; CTLA-4: Cytotoxic T-
Lymphocyte Antigen 4; RAAS: Renin–Angiotensin–
Aldosterone System; VEGF: Vascular Endothelial Growth
Factor.

Introduction
The interplays between thyroid and kidney have been

recognized in many disease states. Thyroid dysfunction can
influence kidney through the immune-mediated pathway and
thyroid hormones [1]. The thyroid disorder and coincident
nephropathy have been reported mainly in the patients
presented with proteinuria and autoimmune thyroiditis (AT)
[2-7]. In this situation, the development and deposition of
immune-complex in the glomerular is the key point in the
onset of nephropathy. On the other hand, thyroid hormone
may influence glomerular and tubular functions through pre-
renal and intrinsic renal effects. In patients with idiopathic
nephritic syndrome, the treatment combines steroids with
low-dose levothyroxine achieved improvement in shorter time
compared with patients treated with steroids only [8]. In our
two cases, one patient developed MsPGN secondary to thyroid
cancer; the other developed the membranous nephropathy
associated to Hashimoto’s thyroiditis. This is the first case of
MsPGN associated to thyroid cancer. Besides, both patients
developed relapse of proteinuria accompanied by opposite
thyroid hormone states, namely hypothyroidism and
hyperthyroidism. And when the thyroid hormone state was
corrected, the proteinuria disappeared. We proposed that a
hormone-cytokine axis may connect the kidney and thyroid
and then mediate the renal local environment.
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Case Presentation

Case 1
A 29 year-old man was admitted to our department due to a

progressive edema with proteinuria of 2.3 g/24 h. Almost 1
year before his admission, he has received steroids therapy
because of nephrotic-range proteinuria (4.7 g/24 h) and low
serum albumin levels (30.8 g/L). But edema and proteinuria
relapsed and maintained during steroids tapering. On
admission, blood pressure was 137/100 mmHg, pulse was
112/min. Physical examination revealed enlargement of
thyroid gland with a nodule on the right lobe and edema in the
legs. Laboratory results revealed low serum albumin and high
Cholesterol. Urinalysis revealed hematuria (red blood cell
count 1.33 million /L) and proteinuria (protein excretion 1.51
g/24 h). Thyroid hormones were within normal range and
thyroid associated antibodies were negative. Other serological
examinations for autoantibodies, infection, liver and kidney
function were normal. The renal biopsy revealed mild
mesangial proliferative lesion and thickness of Bowman’s
capsule without thickening of the glomerular basement
membrane or spike. Immunopathology showed glomerular
capillary walls and mesangium had +1 for IgG, IgA, IgM, C3, C4
and C1q in a diffuse, granular pattern. IgM and C3 were + in
tubular epithelial cells. The renal biopsy demonstrated mild
mesangial proliferative glomerulonephritis (MsPGN). At the
same time, thyroid examination demonstrated a 14 × 10 mm
nodule on and the right side of thyroid gland with decreased
uptake of radioactive tracer, which was confirmed as papillary
carcinoma by biopsy. Finally, total thyroidectomy of right lobe
was performed with 40% of thyroid tissues left. Then L-
thyroxine was administrated at a dose of 75 ug/day after
surgery. He was also prescribed benazepril and losartan for
proteinuria and moderate hypertension. After surgery, the
urine protein disappeared. And annual examination didn’t
show anything abnormal until 2014.

In the July of 2014, he readmitted to our department
because of heavy proteinuria (4.82 g/24h). The anti-
phospholipase A2 receptor antibody (anti-PLA2R) test was
negative. The thyroid analysis was consistent with subclinical
hypothyroidism, as free triiodothyronine (FT3) 3.94 pmol/L
(3.8-6.0 pmol/L, free thyroxine (FT4) 11.26 pmol/L (7.5-21.1
pmol/L), thyroid stimulating hormone (TSH) 24.77 mIU/L
(0.34-5.6 mIU/L). Anti-thyroglobulin antibody was negative
and thyroid ultrasonography of the left thyroid tissue was
normal. Then L-thyroxine was increased to 125 ug/day
gradually. With serum TSH decreased, the urine protein

dropped. The clinical course was shown in Figure 1A. Till now,
1 year and a half after the recurrence, neither a relapse of
hypothyroidism nor a flare-up of nephrotic syndrome was
observed.

Case 2
A 22-year-old female was admitted to hospital on December

3, 2013, for further examination of proteinuria and
hypothyroidism, which was incidentally discovered at a mass
examination 3 months ago. At the examination, urinalysis
showed 3+ for protein and hematuria. The thyroid function
examination revealed hypothyroidismso the L-thyroxine was
given at a dose of 100 ug/day immediately. During the 3
months prior to admission, urinary protein fluctuated at
2+~3+. Upon admission, physical examinations showed a
moderate and bilateral enlargement of the thyroid gland.
Urinalysis showed 3+ for hematuria and proteinuria with
protein excretion 3.4 g/24 h. Serum albumin was 26 g/L with
cholesterol 7.53 mmol/L. Liver and kidney function were
normal. Thyroid function tests revealed euthyroidism. The
serum anti-thyroglobulin antibody was positive with an
extremely high titer (> 4000 IU/ml, normal <115) and anti-
microsomal antibody was positive at a relatively lower titer
(513.6 IU/ml, normal <34). At the same time, anti-thyroid
stimulating hormone receptor antibodies were negative. Other
serological examinations for autoantibodies, complement and
infection were normal. Anti-PLA2R was negative. A renal
biopsy was performed and the result was consistent with
membranous nephropathy, stage II. Light microscopy showed
glomeruli with mildly diffuse thickening of the basement
membranes and occasional spikes on the sub-epithelial side of
the membranes. There was also a focal and segmental increase
in meningeal cells and matrix. The renal interstitium showed
inflammatory cell infiltration. Immunofluorescence studies
showed deposits of IgG (3+), IgA (+), IgM (+/-), C3 (2+), C4 (2+)
and C1q (2+) along glomerular capillary walls and mesangium.
IgG subclasses test in biopsy showed a predominant deposit of
IgG1 (3+). Therefore, the diagnosis of MN secondary to
Hashimoto’s disease was made. And treatment with
levothyroxine and prednisone at a dose of 40 mg/day were
commenced. But the urinary protein maintained at +~2+ for
almost 6 months with therapy of high dose of steroids. But
soon proteinuria relapsed. At the same time, the serologic
examination indicated hyperthyroidism. Then the patient was
prescribed methylthiouracil for hyperthyroidism as well as
prednisone and irbesartan for proteinuria. Then the
proteinuria disappeared accompanied by the correction of
thyroid function (Figure 1B).
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Figure 1 Clinical course of patient in case 1 and case 2. Serum levels of free triiodothyronine (FT3, pmol/L), free thyroxine (FT4,
pmol/L) and thyroid-stimulating hormone (TSH, mIU/L) and urine protein excretion (g/24 h) during the recurrence. (A: case 1;
B: case 2) Proteinuria returned to normal with the correction of thyroid hormone by treatment with L-thyroxine or
methylthiouracil (MTU), respectively.

Discussion
The presented cases demonstrated an association between

glomerulonephritis and thyroid dysfunction, which has been
reported mainly in the cases of AT and coincident proteinuria.
The most common glomerular lesion was membranous
nephropathy, followed by MCD, FSGS, MPGN, IgAN and so on
[1,2]. While, the tumors involved in glomerulonephritis mainly
focused on the hematological malignancies and some solid
tumor, like lung, rarely involved thyroid gland [9]. Our case
provides additional evidence for the association between
glomerulonephritis and thyroid tumor.

Whether and how thyroid disorders participate in the renal
dysfunction is poorly understood. But the tendency to certain
glomerulonephritis may indicate a common pathway in the
pathogenesis of both diseases, in which environmental and
genetic factors are involved. As immune-related diseases,
impaired T cell function has been postulated to play a
pathogenic role. Cytotoxic T-lymphocyte antigen 4 (CTLA-4)
expressed on activated T cells is implicated in the immune
response. The +49A/G polymorphism in CTLA-4 is related to HT
[10]. while the +49GG genotype of the +49A/G SNP in the
CTLA-4 gene is associated with the risk for nephrotic kidney
diseases [11]. Genetic predisposition may contribute to the
concurrence of both diseases. Additionally, some virus, such as
the human parvovirus B19 and hepatitis C virus have been
thought to participate in the onset of thyroid disorders and
nephropathy [12].

Immune complexes deposition plays a pivotal role in the
pathogenesis of glomerulonephritis. There are two concepts
for the deposition of immune complexes composed of thyroid
component in glomerulonephritis, namely in situ immune
complex formation [3,4] and circulating immune complex [5].
In this situation, thyroid tissue was postulated to serve as an
excellent source of continuous antigen for the formation of
immune complexes. It may explain why some patients

developed proteinuria after radioactive iodine therapy while
some patients with AT and proteinuria may benefit from the
thyroidectomy [6,7]. For our first case, proteinuria
accompanied by edema was not sufficiently prevented until
thyroidectomy therapy. However, it is noteworthy that the
relationship between the thyroid specific antibodies has been
reported to be independent of renal function and proteinuria
[2].

Additionally, thyroid hormone plays an important role in the
maintenance of renal development and physiology. Both
hyperthyroidism and hypothyroidism can influence cardiac
output, vasodilatation-to-vasoconstriction ratio as well as
activity of the renin–angiotensin–aldosterone system (RAAS)
and then influence renal blood flow and GFR [1]. Additionally,
renal biopsy in hypothyroid patients showed thickening of the
GBM and tubular basement membrane, increased meningeal
matrix, as well as cytoplasmic inclusions in renal tubular
epithelial cells [13]. These atypical morphology changes may
account for the proteinuria and hematuria observed with
hypothyroidism.

Most strikingly, our 1st patient showed that serum levels of
TSH exhibited a significantly positive correlation with urine
excretion of protein (p<0.0001, R2=0.0.98 by Pearson
correlation analysis), during his recurrence. A cross-sectional
survey in type 2 diabetes patients also demonstrated a
statistically significant association between serum TSH level
and albuminuria. And serum TSH was considered as an
independent risk factor of albuminuria [14]. The pathological
mechanisms for this association are not clear. And it’s difficult
to dissect if changes of renal function are directly related to
the TSH or if both are independently caused by
hypothyroidism. There are some assumptions for this
situation. Patients who developed AT may form autoantibodies
against thyroglobulin, thyroid peroxidase or megalin in a TSH-
dependent manner. When the level of TSH is corrected by the
L-thyroxine, expression of megalin and formation of antibodies
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are stopped [4]. As known, megalin was identified as the auto-
antigen in Heymann nephritis. But unlike the rat mimics,
human podocytes do not express megalin. Moreover,
endothelial dysfunction was observed in the patients with
subclinical hypothyroidism [15] which may be related to
reduce vascular endothelial growth factor (VEGF) observed in
hypothyroid state [16]. The loss of VEGF from the podocytes
could influence the fenestrated phenotype of endothelium
which is necessary for the functioning of the glomerular
filtration barrier [17]. But in contrary, the VEGF level is higher
in active nephrotic syndrome than those in remission [18]. An
animal model highly expressing VEGF developed the FSGS-like
injuries [19]. Hence, we proposed a possibility that some
molecules like VEGF may form a hormone-cytokine axis to
involve in the pathogenesis of proteinuria related to
thyroiditis.

Conclusion
So far, no studies have established the exact molecular

pathogenesis of the renal lesion associated with thyroid
dysfunction. Herein, we proposed a possibility that a
hormone-cytokine axis, including the activity of RAAS and level
of small molecular, eg. VEGF, knit a network to mediate the
change of microenvironment in kidney as the thyroid hormone
change and then influence the renal function. Whatever, we
deem it’s necessary to screen for and manage secondary
factors and concomitant conditions when dealing with patients
with kidney injuries.
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