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ֿBackground: Amyloidosis of familial Mediterranean fever 
(FMF) may lead to end-stage renal failure, culminating in 
kidney transplantation. Since amyloidosis is prompted 
by high serum amyloid A (SAA) levels, increased SAA is 
expected to persist after transplantation. However, no data 
are available to confirm such an assumption.
Objectives: To determine SAA levels in kidney-transplanted 
FMF-amyloidosis patients and evaluate risk factors for the 
expected high SAA levels in this patient group.
methods: SAA, C-reactive protein (CRP) and erythrocyte 
sedimentation rate (ESR) values were obtained from 16 
kidney-transplanted FMF-amyloidosis patients, 18 FMF 
patients without amyloidosis and 20 kidney-transplanted 
patients with non-inflammatory underlying disease. 
Demographic, clinical and genetic risk factors evaluation 
was based on data extracted from files, interviews and 
examination of the patients.
results: SAA level in FMF patients who underwent kidney 
transplantation due to amyloidosis was elevated with a mean 
of 21.1 ± 11.8 mg/L (normal ≤ 10 mg/L). It was comparable 
to that of transplanted patients with non-inflammatory 
disorders, but tended to be higher than in FMF patients 
without amyloidosis (7.38 ± 6.36, P = 0.08). Possible risk factors 
for the elevated SAA levels in kidney transplant patients that 
were excluded were ethnic origin, MEFV mutations, gender, 
age and disease duration. 
conclusions: Kidney-transplanted patients with FMF-
amyloidosis and with other non-FMF causes displayed mildly 
elevated SAA levels, possibly resulting from exposure to 
foreign tissue rather than from various FMF-related factors. 
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aBstract:

KeY wOrds:

F amilial Mediterranean fever is an auto-inflammatory 
disease characterized by recurrent spontaneous self-

limited febrile attacks of peritonitis, pleuritis and arthritis, 
accompanied by elevation of acute-phase reactants [1]. The 
majority of patients are asymptomatic between attacks, even 
when untreated. A devastating consequence of long-lasting 
FMF, affecting a small but significant proportion of patients, 
is reactive AA amyloidosis [2]. The amyloidosis of FMF 
results from tissue deposition of the N-terminal segment of 
the acute-phase protein serum amyloid A [3]. Proteinuria 
is most often the first sign of FMF-amyloidosis, which may 
gradually progress though a nephrotic stage into end-stage 
renal failure necessitating kidney transplantation or hemodi-
alysis. Prophylactic administration of colchicine diminishes 
the frequency and severity of FMF attacks and prevents amy-
loidosis in most patients [4,5]. Indeed, a steep decline in the 
incidence of FMF-associated amyloidosis has been observed 
since the widespread use of colchicine for FMF patients [1]. 
Nevertheless, at the national FMF center located at Sheba 
Medical Center, Tel Hashomer, up to five new cases of kidney 
disease are diagnosed annually, mostly due to amyloidosis.

SAA is an acute-phase reactant created during an FMF 
attack or other inflammatory conditions such as infection, 
malignancy and tissue injury (e.g., myocardial infarction) [6]. 
Higher than normal SAA levels may put the patient at risk 
and are a prerequisite for the development of amyloidosis 
[2,7]. Therefore, increased SAA is expected to be found in 
FMF-amyloidosis patients, even after kidney transplantation. 
However, no data are available to confirm this assumption. 
Since SAA level is an important factor used to monitor colchi-
cine treatment [8], we aimed to determine SAA levels and 
other inflammatory markers in FMF patients who underwent 
kidney transplantation due to amyloidosis as well as evaluate 
the risk factors for high SAA levels in this patient group. 

FMF = familial Mediterranean fever
SAA = serum amyloid A
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Patients and methOds

In this cross-sectional study SAA, CRP and ESR were 
obtained from three patient groups comprising 54 male 
and female patients of Jewish origin. The study group con-
sisted of 16 kidney-transplanted FMF-amyloidosis patients. 
The diagnosis of amyloidosis was determined by a positive 
kidney biopsy, or by typical clinical presentation of renal 
amyloidosis with amyloid-positive extrarenal biopsy. There 
were two control groups: the control 1 group consisted of 20 
kidney-transplanted patients without FMF, infection or other 
inflammatory diseases who underwent kidney transplanta-
tion due to end-stage renal failure caused by diabetes (n=9), 
hypertension (n=3), immunoglobulin A nephropathy (n=3), 
adult polycystic kidney disease (n=4), or history of vesico-
ureteral reflux disease (n=1). The control 2 group comprised 
18 FMF patients without amyloidosis (as attested by normal 
urine analysis) or other kidney-related diseases.

Consecutive FMF patients, including those with a kidney 
transplant, were recruited from the clinic of the national FMF 
center at Sheba Medical Center, Tel Hashomer. Kidney trans-
plant patients were also recruited randomly from the kidney 
transplantation clinics at Rabin Medical Center (Beilinson 
campus) and Sheba Medical Center. FMF was diagnosed 
according to an accepted set of criteria [9]. All patients were 
interviewed and examined; they completed a questionnaire on 
clinical, demographic and genetic characteristics, and donated 
blood samples for the study of inflammatory markers. FMF 
severity score was assessed according to the 2005 criteria of 
Mor et al. [10]. The study was approved by the institutional 
review board. All patients signed an informed consent. 

saa, crP and esr determinatiOn 

Blood samples for measuring SAA, CRP and ESR levels were 
drawn at least 2 weeks after the last FMF attack, only after rul-
ing out the possible presence of an inflammatory or infectious 
condition. SAA was determined using nephelometry according 
to the manufacturer’s instructions (Dade Behring, Marburg, 
Germany). CRP was measured using an immune-turbidimetric 
test with the Olympus analyzer (Olympus Life and Material 
Science Europe, Hamburg, Germany). ESR was measured by 
the standard method. Normal SAA levels were considered as ≤ 
10 mg/L, normal CRP as ≤ 5 mg/L, and ESR as ≤ 20 mm/hr. 

data analYsis

Statistical analysis was performed using the chi-square test 
for categorical variables, and Student’s t-test for comparison 
of continuous variables. All tests were two-tailed. P values < 
0.05 were considered statistically significant. To study risk 
factors for SAA elevation in kidney-transplanted patients we 

CRP – C-reactive protein
ESR = erythrocyte sedimentation rate

combined patients of the FMF and the non-FMF groups into 
one cohort of patients.

results 

demOgraPhic Parameters

Demographic parameters of patients in the three patient 
groups are detailed in Table 1. The FMF kidney-transplanted 
patients were significantly older than FMF patients without 
amyloidosis (P = 0.025), but tended to be younger than non-
FMF kidney-transplanted patients (P = 0.17). Male prepon-
derance characterized the two kidney transplant patient 
groups. The majority of FMF kidney-transplanted patients 
were North African immigrants (mainly from Morocco). The 
other distinct patient ethnicities in the control groups varied 
insignificantly from those of the study group.

clinical Parameters 

All the clinical parameters of FMF patients (transplanted and 
non-transplanted) appeared to be comparable, without sta-
tistically significant differences. This included site of attacks, 
rate of attacks accompanied by fever, duration of attacks, pain 
score during attacks, colchicine dose, age at onset, diagnosis 
delay, and disease severity score (data not shown). 

The clinical features of the kidney-transplanted patients in 
the FMF and the non-FMF groups appeared to be alike in most 
parameters. These include the proportion of patients undergo-
ing dialysis prior to transplantation, duration of dialysis, living 
source of kidney transplant, and compliance with the immuno- 
suppressive therapy (prednisone, mycophenolate mofetil and 
tacrolimus in most patients). The two patient groups differed 
in the rate of biopsy-proven diagnoses (100% vs. 50%, P < 
0.001) and status of the transplanted kidney, which was worse 
in non-FMF patients with respect to proteinuria > 200 mg/day 
(70% vs. 18%, P = 0.02). There was also a trend for a higher 
rate of patients with serum creatinine > 1.2 mg/dl in this group 
(30% vs. 18%), and a trend for a longer time period from trans-
plantation (6 ± 6.7 vs. 4 ± 3.3 respectively, P = 0.07).

table 1. Demographic parameters

Comparison of demographic parameters in 16 kidney-transplanted FMF-amyloidosis patients, 
20 kidney-transplanted patients with non-inflammatory underlying disease, and 18 FMF patients 
without amyloidosis 
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ney condition, defined as serum creatinine < 1.2 mg/dl (not 
significant trend), or proteinuria (P < 0.02) as compared to 
non-FMF related kidney-transplanted patients. This finding 
is even more robust if one accounts for the time interval from 
kidney transplantation, which was shorter in the non-FMF 
patients. This finding parallels reports by others [11] and sug-
gests that either recurrence of the primary disease to the trans-
planted kidney is less common in FMF, or colchicine treatment 
has an added effect in preventing chronic rejection, beyond 
preventing amyloidosis in the FMF-kidney transplant group. 

According to the present study, SAA levels appear to be 
more sensitive for the detection of inflammation than CRP 
levels in the non-FMF group. Previous studies by us [8] and 
others [11] suggest SAA superiority over CRP levels in FMF as 
well. Since in FMF the determination of SAA levels has an extra 
benefit of being directly relevant to amyloidosis, SAA testing is 
preferred for follow-up of FMF subclinical activity in patients 
with or without kidney damage. The added advantage and the 
message coming from our work is that the target SAA level for 
colchicine treatment monitoring in FMF kidney-transplanted 
patients should be ≤ 20 and not ≤ 10 mg/L. 

The use of SAA has become common in patients with 
organ transplantation, and a correlation of high SAA levels 
and rejection was demonstrated by others [12,13]. The con-
tribution of the present work to this aspect of SAA testing is 
that mildly elevated SAA levels found in the post-transplan-
tation stage may not imply rejection as they are not associ-
ated with the degree or presence of kidney damage found 
in these patients, but mildly elevated SAA levels is the rule 
in all kidney-transplanted patients. We conclude that mild 
SAA elevation might be expected in kidney-transplanted 
individuals, probably reflecting the inflammation associated 
with foreign body reaction. This finding should be accounted 
for in the treatment of FMF. 
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inFlammatOrY marKers 

The inflammatory markers of kidney-transplanted FMF 
patients compared to the two control groups are shown in 
Table 2. While all parameters appeared to be normal in non-
transplanted FMF patients, SAA levels in the two kidney-
transplanted groups were comparable but slightly above 
normal. Of note, CRP levels in transplanted FMF patients 
were elevated and significantly above the normal levels of 
non-transplanted FMF patients and above the slightly ele-
vated levels of non-FMF transplanted patients.

clinical and demOgraPhic cOrrelates OF high saa levels 

In light of the similar SAA levels in both the FMF and the non-
FMF transplanted groups, we combined the two groups into one 
to study risk factors underlying the elevated SAA levels found 
in kidney-transplanted patients. Patient age (above or below 50 
years), gender, ethnic origin, the source of the kidney (living vs. 
cadaveric), previous hemodialysis, creatinine levels above 1.2 
mg/dl, degree of proteinuria, time after transplantation, FMF 
severity score and FMF genotype (M694V homogenous vs. other 
genotypes) did not correlate with SAA levels (data not shown). 
Similar analysis for CRP levels also failed to demonstrate a cor-
relation between CRP levels and the studied parameters.

discussiOn 

We found that FMF patients who underwent kidney trans-
plantation had a moderate elevation of SAA (21 mg/L) and 
CRP (13.9 mg/L) levels, compared to those without kidney 
transplantation in whom inflammatory markers, on average, 
were not elevated [Table 2]. In the group of kidney trans-
plantation unrelated to FMF or other inflammatory condi-
tions, SAA levels were also elevated (21 mg/L), yet CRP was 
near normal. These results suggest that SAA levels are mildly 
elevated in all kidney-transplanted patients regardless of 
having FMF. We were not able to identify clinical, genetic or 
demographic risk factors for elevated SAA or CRP levels in 
all the transplanted patients, and we therefore speculate that 
organ transplantation itself results in subclinical inflamma-
tion, perhaps due to the patient’s reaction to a foreign body.

Another finding was that FMF patients who underwent 
kidney transplantation had a better post-transplantation kid-

P value
non-FmF-
transplantedP value

FmF
non-transplanted

FmF
transplanted

inflammatory
markers

0.078 ± 2.50.317 ± 2.614 ± 1.5ESR (mm/hr)

0.026 ± 6.40.0044 ± 1.213 ± 11.6CRP (mg/L)

0.921 ± 20.10.087 ± 6.321 ± 11SAA (mg/L)

table 2. Inflammatory markers of study group and two control groups

P values are for comparisons of the study group (FMF transplanted patients) with the control 
groups. Normal SAA levels were considered as ≤ 10 mg/L, normal CRP as ≤ 5 mg/L, and ESR as 
≤ 20 mm/hr
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Inflammatory mechanisms influence tumorigenesis and 
metastatic progression even in cancers whose etiology does 
not involve preexisting inflammation or infection, such as 
breast and prostate cancers. For instance, prostate cancer 
metastasis is associated with the infiltration of lymphocytes 
into advanced tumors and the up-regulation of two tumor 
necrosis factor family members: receptor activator of 
nuclear factor-κB (RANK) ligand (RANKL) and lymphotoxin. 
But the source of RANKL and its role in metastasis have 
not been established. RANKL and its receptor RANK control 
the proliferation of mammary lobuloalveolar cells during 
pregnancy through inhibitor of nuclear factor-κB (IκB) 
kinase-α (IKK-α), a protein kinase that is needed for the self-
renewal of mammary cancer progenitors and for prostate 
cancer metastasis. Tan and co-workers examined whether 
RANKL, RANK and IKK-α are also involved in mammary/
breast cancer metastasis. Indeed, RANK signalling in 
mammary carcinoma cells that overexpress the proto-
oncogene Erbb2 (also known as Neu), which is frequently 

amplified in metastatic human breast cancers, was 
important for pulmonary metastasis. Metastatic spread of 
Erbb2-transformed carcinoma cells also required CD4+CD25+ 
T cells, whose major pro-metastatic function was RANKL 
production. Most RANKL-producing T cells expressed 
forkhead box P3 (FOXP3), a transcription factor produced 
by regulatory T cells, and were located next to smooth 
muscle actin (SMA)+ stromal cells in mouse and human 
breast cancers. The dependence of pulmonary metastasis 
on T cells was replaceable by exogenous RANKL, which also 
stimulated pulmonary metastasis of RANK+ human breast 
cancer cells. These results are consistent with the adverse 
impact of tumor-infiltrating CD4+ or FOXP3+ T cells on human 
breast cancer prognosis and suggest that the targeting of 
RANKL-RANK can be used in conjunction with the therapeutic 
elimination of primary breast tumors to prevent recurrent 
metastatic disease.

Nature 2011; doi:10.1038/nature09707
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tumor-infiltrating regulatory t cells stimulate mammary cancer metastasis  
through ranKl-ranK signalling

Our circadian rhythms keep us in tune with the day. Some of the 
molecular signals that implement and regulate the circadian 
rhythm have been identified, but the complexity of the various 
systems affected by circadian rhythms is not well understood. 
Many people work against their circadian clock, whether it be a 
scientist who hops seven time zones eastward and still hopes 
to be awake at a conference session with the lights dimmed, or 
someone who works the night shift and needs cognitive acuity 
and physical dexterity during the hours when most of us are 
asleep. To further understand how disruption of the circadian 

rhythm affects us, Karatsoreos and team studied mice kept 
in an unnaturally short day/night cycle. With a cycle of 20 
rather than 24 hours, the mice showed a variety of disrupted 
responses. They gained weight, had elevated insulin levels, 
and demonstrated reduced cognitive flexibility. Neurons in 
the brain's cortex showed reduced complexity. Study of these 
mice may help us understand, for example, the unexpected 
incidence of obesity among shift workers. 

Proc Natl Acad Sci USA 2011; 108: 10.1073/pnas.1018375108
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working against the circadian clock

“insanity in individuals is something rare – but in groups, parties,  
nations and epochs, it is the rule”

Friedrich Nietzsche (1844-1900), German philosopher who wrote critical texts on religion, morality, contemporary  
culture, philosophy and science, displaying a fondness for metaphor and irony




