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Abstract
Objective—To assess the influence of rs5848 polymorphism in serum progranulin (PGRN) level
in a cohort of subjects with Alzheimer and related dementias from a tertiary referral clinic.

Background—Mutations in the GRN gene cause autosomal dominant frontotemporal dementia
(FTD) with TDP-43 pathology (FTLD-TDP) through haploinsufficiency. It has recently been
shown that homozygous carriers of the T-allele of rs5848 have an elevated risk developing FTD,
and this polymorphism may play a role in the pathogenesis of other dementia by modifying
progranulin level. We hypothesize that genotype of rs5848 may influence serum PGRN level in
AD, FTD, and other dementias.

Methods—Blood samples were obtained from patients with cognitive impairment and dementia
referred to a tertiary dementia clinic, as well as samples from a cohort of healthy controls. Serum
PGRN level was measured using an ELISA assay, and rs5848 genotype was determined by a
TaqMan assay.

Results—We found that rs5848 SNP significantly influenced serum PGRN level, with TT
genotype having the lowest levels, CC the highest. This relationship is observed in each of the
subgroups. We also confirmed that GRN mutation carriers had significantly lower serum PGRN
levels than all other groups.

Conclusions—The rs5848 polymorphism significantly influences serum PGRN with TT carriers
having a lower level of serum PGRN then CT and CC carriers. This is consistent with the finding
that miR-659 binding to the high risk T allele of rs5848 may augment translational inhibition of
GRN and alter risk of FTD and possibly other dementias.
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Background
The progranulin protein (PGRN) is an 88 kDa secreted growth factor with multiple
physiological functions, including wound healing, tumour growth and embryonic brain
development. Full-length PGRN undergoes proteolytic cleavage by elastase to generate
granulin peptides (GRN), that have potent pro-inflammatory effects. PGRN is constitutively
expressed in a number of cells, including skin, gastrointestinal tract, the reproductive system
and immune cells. In the brain, PGRN is expressed by specific neuronal populations and
microglial cells.

Since the discovery that mutations in the progranulin gene (GRN) cause familial
frontotemporal lobar degeneration (FTLD), over 60 different mutations have been identified
in over 200 families world-wide. Most pathogenic GRN mutations lead to a frameshift or
premature stop codon and result in abnormal mRNA transcripts that undergo nonsense-
mediated mRNA decay and are not expressed. Based on this haploinsufficiency mechanism,
it is hypothesized that serum PGRN levels will be lower in GRN-mutation carriers. Several
studies have now shown that cerebral spinal fluid (CSF), serum and plasma PGRN levels are
significantly lower in GRN mutations carriers than non-carriers and that measurement of
PGRN levels predicts a pathogenic GRN mutation with almost 100% sensitivity and
specificity.

In addition to causing FTLD via null mutations, a common genetic variation in GRN has
recently been shown to influence the risk of sporadic FTLD-TDP. A case-control study
found that homozygosity for the T allele of the common rs5848 polymorphism in the 3′-
untranslated region of GRN was more frequent in patients with pathologically proven
FTLD-TDP (odds ratio of 3.2). The rs5848 polymorphism is predicted to be a binding site
for the microRNA miR-659, and more efficient binding to the T allele results in increased
translational suppression of GRN. Consistent with this was the finding that homozygosity for
the T allele was associated with ~30% reduction in PGRN expression in FTLD-TDP brain
tissue (compared with CC), despite normal levels of GRN mRNA. These findings suggest
that rs5848 influences the risk of sporadic FTLD-TDP by affecting PGRN expression,
although this has not been confirmed in two other clinical FTLD patients cohorts.

The role of PGRN in other neurodegenerative disorders is also unclear. Some recent studies
have found that GRN expression is increased in activated microglia as well as in peripheral
blood in Alzheimer disease (AD). In another study, no significant differences were found in
relative peripheral blood mononuclear cells and CSF PGRN expression in AD patients
compared to controls, but patients with TT genotype had a lower GRN mRNA expression
level in brain samples compared to the CC genotype.

To further examined the role of PGRN serum level in the risk of developing other dementias
and its relationship to the rs5848 polymorphisms, we compared the serum PGRN levels and
examined the rs5848 genotype frequency in a cohort of subjects assessed at a tertiary
dementia referral clinic.
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Methods
Subjects

Study subjects were recruited from the University of British Columbia hospital clinic for
Alzheimer and related disorders (UBCH-CARD) with approval of our institutional Clinical
Research Ethics Board. Clinical diagnosis was made by specialty-trained neurologists and
geriatricians according to current criteria. Blood samples were obtained from 100 patients,
including 57 with a clinical diagnosis of AD, 13 with amnestic mild cognitive impairment
(MCI), 12 with a combination of frontotemporal dementia and amyotrophic lateral sclerosis
(FTD-ALS), 6 with dementia with Lewy bodies, 5 with vascular dementia, 3 with Parkinson
disease with dementia, 2 with corticobasal syndrome, and 2 with progressive supranuclear
palsy. Samples were also obtained from spouses of patients as well as healthy community
subjects (n = 36), all of whom scored within the normal range in the Montreal Cognitive
Assessment. A small set of samples (n = 6) from known carriers of pathogenic GRN
mutations from 3 different families (C31LfsX34, R418X, and Q130SfsX124 mutations) was
also included to confirm the sensitivity of this assay.

Biochemical and genetic analyses
Serum levels of PGRN were measured using a commercial ELISA assay (Human
Progranulin ELISA kit, AdipoGen, Inc, South Korea) according to the manufacturer’s
instructions. GRN carrier status was determined by direct sequencing of exonic and flanking
intronic regions using previously published primers in both directions using the Big Dye
Terminator v3.1 Cycle Sequencing kit (Applied Biosystems, Foster City, CA).

DNA was extracted from whole blood using an automated DNA extraction machine
(AutogenflexStar, Autogen Inc, Hollisten, MA). Genotyping of SNP rs5848 was performed
with a TaqMan chemistry-based allelic discrimination assay, with Assay by Design probes
(Applied Biosystems) and an ABI 7900 PCR system, followed by analysis with Sequence
Detection System 2.2.1 software (Applied Biosystems).

Statistical Analysis
PGRN levels among different diagnostic groups were compared by ANOVA with post-hoc
Student-Neuman-Keuls test to determine group allocations. We also compared serum and
plasma PGRN level in 12 healthy controls using paired sample t-test. Multi-variable linear
regression was used to examine the effect of age, sex, APOE and rs5848 genotype on serum
PGRN levels among non-GRN mutation carriers.

Results
The demographic distribution of the subjects is shown in Table 1. Since the numbers in non-
AD, non-FTD dementias were small, they were grouped as “other dementia” for further
statistical analyses. Females were slightly overrepresented in all groups with the exception
of the FTD-ALS (equal) and MCI subjects (male predominance). As expected, the
proportion of APOE ε4 carriers was higher in the groups of AD and MCI subjects. The
effect of rs5848 polymorphism on serum PGRN in our total cohort (excluding the GRN-
mutation carriers) is shown in figure 1. TT genotype carriers had significantly lower serum
PGRN levels (164 ng/mL, 95% C.I. 138-189), than the CT (191 ng/mL, 95% C.I. 177-206)
and CC genotype carriers (222 ng/mL, 95% C.I. 205-238) (overall ANOVA p<0.005, with
SNK p<0.05 for TT vs. CT, and CT vs. CC).

The comparison of serum PGRN levels across each clinical diagnostic category is shown in
figure 2. The 6 GRN-mutation carriers had significantly lower serum PGRN levels (50.5 ng/
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mL, 95% C.I 43.8-57.2) than all other groups (p<10−7), with no overlap. However, there
were no significant differences between any of the other groups; controls (195 ng/mL, 95%
C.I. 180-211), amnestic mild cognitive impairment (228 ng/mL, 95% C.I. 196-261),
probable AD (202 ng/mL, 95% C.I. 188-217), FTD-ALS (187 ng/mL, 95% C.I. 167-204),
and other dementias (223 ng/mL, 95% C.I. 197-250). We have sequenced all the exons of
the GRN gene in the FTD-ALS subjects but did not find any carrier of single base mutations.

The role of other variables on serum PGRN level was also examined (excluding the 6 GRN
mutation carriers). Males tended to have lower levels than females (191 ng/mL, 95% C.I.
180-204 vs. 215 ng/mL, 95% C.I. 202-229, respectively), however this was not significant
(p=0.16). There were also no significant effects with age (p=0.19) or with APOE genotype
(p=0.30). We further compared the measurements of PGRN in plasma and serum samples
drawn from the same controls at the same time and found a strong correlation (R2 = 0.946,
p=3×10−6), with the serum levels about 5% lower than plasma measurements (data not
shown).

We also examined the influence of rs5848 genotype on serum PGRN levels within each
diagnostic subgroup (Table 2). In every group there was a gradient with the TT genotype
exhibiting the lowest PGRN level followed by CT genotype, with CC genotype the highest,
although the differences only reached significance in the controls and other dementias
groups.

Discussion
In this study, we have shown that the T allele of rs5848 is significantly associated with a
lower PGRN levels in a gene-dose dependent fashion in populations beyond FTLD-TDP. In
all diagnostic groups, those with the TT genotype were found to hae the lowest PGRN levels
while CC carriers had the highest levels. The fact that these differences did not reach
significance in several of the individual groups is likely a reflection of the small group sizes.
Nonetheless, this supports the hypothesis that the rs5848 SNP affects PGRN expression
through miR-659 dependent translational inhibition and that this mechanism likely has a
significant effect on PGRN levels in normals as well as various disease populations.

Whether PGRN expression affects the risk of developing other neurodegenerative diseases
remains to be determined. A study of patients with ALS found that some missense mutations
and other genetic variations in GRN may be associated with earlier age of onset and shorter
survival. GRN mRNA levels were found to be elevated in AD in one study, while in another,
the rs5848 T allele was associated with reduction in GRN mRNA expression in AD brain
tissue. In our study, we did not find any significant difference in serum PGRN levels in any
of our disease groups compared with controls or with any of the other disease groups.
Interestingly, the lowest mean PGRN serum level was found in patients with clinical FTD
and ALS, a group with a high likelihood of the underlying pathology being FTLD-TDP.
Although the small size of many of the groups might have affected our ability to detect
statistical differences, there were no clear trends detected.

We also confirmed the findings of previous studies, that measuring PGRN in biological
fluids is a sensitive and specific test for detecting GRN null mutations, even in unaffected
carriers. Since the initial discovery of mutations in GRN as the cause of familial FTLD-TDP,
nearly 150 genetic variabts in GRN have been described, of which many have unknown
pathological significance. The identification of GRN mutations through sequencing of the
GRN gene is a necessary but laborious step. Based on our findings, serum PGRN
measurement may be used as an initial screen to identify subjects who are at-risk before
expensive and labour-intensive sequencing is performed. No carrier of single base mutations
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in the GRN gene were found in any of our FTD subjects, whereas, the level of PGRN is
significantly lower in the 6 subjects who carry a nonsense mutation. Others have reported
that carriers of GRN missense mutations may have an intermediate level of PGRN between
those of null GRN mutation carriers and non-carriers, although we have not identified any
such carriers in our cohort. Since the clinical presentation of FTLD caused by GRN
mutations often overlaps with other dementia phenotypes such as FTLD-tau, AD,
corticobasal syndrome, and progressive supranuclear palsy, serum PGRN measurement, thus
far, have demonstrated to be a valuable biomarker in the investigation of these
neurodegenerative conditions.

Finally, although PGRN’s role as a neuronal survival factor is focused mainly on
neurodegeneration, it is involved in a number of other important physiological processes that
could also affect brain health. GRN peptides are known to be potent inflammatory
mediators. Microglial activation has been implemented in a wide variety of
neurodegenerative conditions and upregulation of PGRN expression is an important part of
this process. In addition, vascular risk factors affect the risk of developing AD and a recent
study found that serum PGRN concentrations are associated with visceral obesity, elevated
plasma glucose, and dyslipidemia, and may be a biomarker for chronic inflammation in
obesity and type 2 diabetes.

In summary, we found that the T allele of the rs5848 polymorphism is associated with a
lower serum PGRN levels in populations beyond FTLD-TDP and may thereby increase the
risk of other neurodegenerative conditions in which PGRN function plays a role. In addition,
we have shown that serum PGRN measurement is a sensitive and specific screening test that
can be used to identify patients with GRN null mutations.
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Figure 1.
Serum progranulin levels and rs5848 genotype in entire cohort. The progranlulin level in TT
genotype carriers is significantly lower than the CC carriers (p<0.005).

Hsiung et al. Page 8

J Neurol Sci. Author manuscript; available in PMC 2012 January 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Serum progranulin levels across diagnostic subgroups
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Table 1

Demographics and ApoE allele status of study subjects

Diagnoses N Age
(mean, range)

% female % APOE e4
carriers

Controls 36 46.7, 16-84 66.7 25

MCI 13 69.0, 51-83 38.5 69

AD 57 69.7, 51-86 56.1 62

FTD-ALS 12 67.1, 59-83 50 14.3

Other dementias 18 64.9, 59-71 66.7 35.3

GRN mutation
carriers

6 44.2, 27-63 83.3 16.7
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