
DATASET BRIEF
www.proteomics-journal.com

Targeted Approach to Distinguish and Determine Absolute
Levels of GDF8 and GDF11 in Mouse Serum
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Albert Sickmann, and Olga Shevchuk*

Growth differentiation factor 11 (GDF11) is a TGF-𝜷 superfamily circulating
factor that regulates cardiomyocyte size in rodents, sharing 90% amino acid
sequence identity in the active domains with myostatin (GDF8)—the major
determinant of skeletal muscle mass. Conflicting data on age-related changes
in circulating levels have been reported mainly due to the lack of specific
detection methods. More recently, liquid chromatography tandem mass
spectrometry (LC-MS/MS) based assay showed that the circulating levels of
GDF11 do not change significantly throughout human lifespan, but GDF8
levels decrease with aging in men. Here a novel detection method is
demonstrated based on parallel reaction monitoring LC-MS/MS assay
combined with immunoprecipitation to reliably distinguish GDF11 and GDF8
as well as determine their endogenous levels in mouse serum. The data
indicate that both GDF11 and GDF8 circulating levels significantly decline
with aging in female mice.
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1. Introduction

Growth differentiation factor 11 (GDF11)
is a TGF-𝛽 superfamily circulating fac-
tor that regulates cardiomyocyte size in
rodents.[1,2] GDF11 shares 90% amino
acid sequence identity in the active do-
mains with myostatin (GDF8), the ma-
jor determinant of skeletal muscle mass.
After processing by furin-like proteases,
both GDF11 and GDF8 are secreted as
an inactive latent complex that is acti-
vated by cleavage of the prodomain by
BMP-1/tolloid family metalloproteases
and release of the active dimer GDF8
and GDF11 activate the SMAD2/3 path-
way binding activin type II and type I
(ALK4/5/7) receptors. Nevertheless, ad-
ditional pathways, including mitogen-
activated protein kinase signaling, have

been reported.[3] Although highly similar, a distinctive expres-
sion pattern and critical differences in active domains that affect
the interaction with receptors and inhibitors confer GDF11 and
GDF8 to a distinct functional role, different potency, and cell-type
specificity.[3,4]

The high homology between GDF11 and GDF8 has also con-
tributed to generate contrasting data on age-related changes in
circulating levels, mainly because of the detection methods. In-
deed, aptamers, western blot, and ELISA were not enough spe-
cific to discriminate these two ligands.[2] Initial findings on cir-
culating levels of GDF11, using aptamer and antibody-based
quantification that do not accurately distinguish GDF11 from
GDF8, have indeed shown an age-dependent decline in mice[1]

or potentially an increase in rats and humans.[5] When con-
sidering GDF11 and GDF8 together, an age-dependent decline
in serum GDF11/8 levels in different mammalian species was
observed.[2] A more specific approach using liquid chromatogra-
phy tandem mass spectrometry (LC-MS/MS) based assay deter-
mined that while GDF11 circulating levels do not significantly
change throughout human lifespan,[6,7] GDF8 levels decrease
with aging in men.[6]

Given the potential specific role of GDF11 and GDF8 in aging
and in regulating important biological processes, a specific and
reliable method to determine their levels in biological samples is
required. Therefore, we developed a parallel reaction monitoring
(PRM) LC-MS/MS-based assay combined with immunopre-
cipitation (IP) for GDF11/8 enrichment. The method reliably
detects and distinguishes GDF8 and GDF11. Using stable
isotope-labeled (SIL) peptides, we have determined the endoge-
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Figure 1. The calibration curves were generated using a WT serum matrix. An equimolar mixture of SIL peptides was added before injection at an
increasing amount from 16 amol to 50 fmol. The horizontal axis represents the quantity of SIL peptide injected; the vertical axis represents the sum area
of fragment ions gained by PRM. Data are represented as the mean of three technical replicates (STDEV) to calculate coefficients of variation (CVs, %)
and calibration curve value (R2). Horizontal green lines represent LLOQ.

nous concentrations of both proteins in the serum of young and
aging mice and showed that both factors decline during aging.

2. Assay Development

The assay method was developed using Skyline software Sky-
line 64-bit version 4.2.0.19072.[8] The peptides for detection of
GDF8 and GDF11 were selected based on i) their uniqueness,
ii) fully tryptic with no missed cleavage sites, and iii) a length
of 8–25 amino acid residues to ensure reliable protein quan-
tification (see Supporting Information). Initially, five and four
proteotypic peptides of GDF11 and GDF8, respectively, were se-
lected to establish PRM based targeted-MS/MS assay using a
WT mouse serum tryptic digest (see Supporting Information for
serum digest preparation) with their respective spiked-in SIL ver-
sions using Orbitrap Lumos. However, detection of endogenous
GDF11 peptides could not be achieved with conventional PRM
MS settings on this instrument. Therefore, as shown recently by
Nguyen CDL et al., the sensitivity of targeted-MS technologies
can be enhanced for detecting low-abundant proteins/peptides
by systematically optimizing the key MS parameters, such as res-
olution (R) and ion injection/fill times.[9] Employing their strat-
egy, we empirically and iteratively performed several PRM mea-
surements focusing on different combinations of MS settings
(see Supporting Information for details). However, even at R 500
K and 1024 ms fill time (Figure S1, Supporting Information),
it was not sufficiently efficient to detect low abundant endoge-

nous GDF11 peptides, whereas the peptides belonging to GDF8
were readily detected in the WT serum digest under these con-
ditions. It was indeed a challenging task to detect the endoge-
nous peptides of GDF11 and GDF8 simultaneously in a single
targeted-MS assay and from direct serum digest. Therefore, for
enrichment of the desired analytes, we decided to introduce an
antibody-based approach prior to PRM LC-MS/MS analysis.[6,10]

Biotinylated antibodies were tested a side of not-biotinylated ones
and no loss of binding activity was observed after biotinylation.
The efficiency of IP was examined for each antibody individually
and verified by western blot (Figure S2, Supporting Information).
For the final targeted assay, three heavy/light pair pep-

tides (six precursors) of both GDF11 (IPGMVVDR) and GDF8
(IPAMVVDR, DFGLDCDEHSTESR), which were free from in-
terference and suitable for generating calibration curves and
quantitation of endogenous peptides were selected. Targeted
PRM analyses with R 120 K, 256 ms fill time MS settings were
performed for peptide samples after IP (see Supporting Informa-
tion for IP sample preparation).

3. Targeted (PRM)–LC-MS/MS Analysis

Unless otherwise stated, all samples (i.e., calibration curves and
IP eluates) were analyzed using an Ultimate 3000 nano RSLC
system (UV absorbance at 214 nm) coupled to Orbitrap Lumos
(both Thermo Scientific). Additionally, to check for any carry-
over, blank measurements were performed in between calibra-
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Figure 2. Distinguishing of two closely related peptides IPAMVVDR
(GDF8) and IPGMVVDR (GDF11). IPAMVVDR (GDF8) was resolved from
IPGMVVDR (GDF11) with respect to retention time and based on unique
precursor m/z and fragmentation ions pattern.

tion curve samples as well as at the beginning and the end of
IP samples using the same LC-MS/MS settings. A fraction (40%
of total eluate) of each IP sample was analyzed in a randomized
order to account for any systematic errors. Briefly, peptide sam-
ples were preconcentrated on a 100 µm × 2 cm C18 trapping col-
umn for 5 min using 0.1% TFA with a flow rate of 20 µL min−1

followed by separation on 75 µm × 50 cm C18 analytical column
(both Acclaim Pepmap nanoViper, Thermo Scientific) using a
30 min gradient ranging from 5–25% B (84% ACN in 0.1% FA)
at a flow rate of 250 nL min−1.
The Orbitrap Lumos was operated in PRMmode using the fol-

lowing settings: MS/MS scans were acquired in the Orbitrap at a
resolution of 120 000 with an automatic gain control target value
of 1 × 105 ions and a maximum injection time of 246 ms. Pre-
cursor ions were isolated using 0.4 m/z width, and fragmenta-
tion was performed in the HCD cell with a normalized collision
energy of 32% as triggered by the provided inclusion list. Thus
generated rawMS/MS data were imported into Skyline for visual-
ization, manual validation, mass error (Δ ppm), and assignment
of retention time boundaries, for example, 3 min as predicted by
Skyline.

4. Generation of Calibration Curves with SIL
Peptides and Final PRM Measurements

Multipoint response calibration curves were generated using a
mixture of SIL peptides of both GDF11 (IPGMVVDR) and GDF8
(IPAMVVDR, DFGLDCDEHSTESR) spiked in a matrix consist-
ing of 200 ng of digested mouse serum. A stock solution of SIL
peptides was prepared and serially diluted such that the final
amount of each SIL peptide per injection was 50, 10, 4, 1.6, 0.64,
0.256, 0.102, 0.041, and 0.016 fmol by keeping the background
matrix constant, that is, 200 ng. The samples were analyzed from
the lowest to the highest amount in three technical replicates.
Calibration curves were constructed by plotting the peak area of
the SIL peptide versus the analyte amount. The lowest limit of
quantification (LLOQ) for the particular SIL peptide was defined
as the lowest concentrations of the dilution series, which had less

Figure 3. The concentration of GDF8 and GDF11 in serum (ng mL−1 of
starting material) of young and old mice determined by targeted assay.
Both GDF8 and GDF11 significantly decline with aging. **p = 0.0025, *p
= 0.0308. Data are shown as mean ± SD.

than 20% of standard deviation within three replicates (Figure 1;
Tables S1,S2, Supporting Information).
Furthermore, peptide IPGMVVDR (GDF11) was clearly re-

solved from IPAMVVDR (GDF8) with respect to its i) unique
precursor m/z, ii) fragment ions pattern, and iii) retention time
(Figure 2; Table S3, Supporting Information). Finally, based on
the results from calibration curves (i.e., LLOQ) and roughly esti-
mated levels of GDF11 and GDF8 obtained from our optimiza-
tion experiments, we spiked-in 2 fmol of each SIL peptide to all
IP eluates before PRM LC-MS/MS analysis.

5. Data Evaluation and Statistics

PRM experiments were performed using a scheduled (3-min
window) inclusion list generated in Skyline.[8] The inclusion list
consisted of m/z of each precursor along with collision energy
and corresponding retention times obtained by an unscheduled
run. The list of precursors, their product ions, and correspond-
ing m/z are in Table S1, Supporting Information. MS raw files
were imported to Skyline, and acquired data were reviewed
and integrated manually. Identification and quantification of the
endogenous peptides were based on the following criteria: i) inte-
gration of fragment ions with narrow mass tolerances (≤5 ppm),
ii) ≥4 peptide specific fragment ions, iii), dot product (dotp)
value[11] ≥ 0.93, and iv) without any background interference.
The quantification was performed using the sum of peak areas
obtained for each peptide fragment ion. The raw data are avail-
able at ProteomeXchange (PXD008395) and the entire PRM data
set can be viewed as a Skyline document in Panorama Public via
the following link: https://panoramaweb.org/BnW2U9.url.[8,12]

For each biological replicate/condition, we took the average
heavy to light (H/L) ratios of two peptides of GDF8, whereas for
GDF11, theH/L ratio of the single peptide was considered. These
values were subsequently used to calculate endogenous values
and standard deviations. For statistics, unpaired two-tailed Stu-
dent’s t-test was applied for comparing two groups of animals by
using GraphPad software (Prism, La Jolla, CA, USA).
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6. Circulating GDF8 and GDF11 Decline
with Aging in Mice

To our knowledge, no study has investigated serum levels of
GDF11 and GDF8 in mice using a specific quantitative nanoLC-
high resolution MS approach. Therefore, an optimized PRM
assay combined with IP was applied in a pilot study aiming to
compare serum levels of GDF11 and GDF8 between young (2
months, n = 6) and old (30 months, n = 6) female mice. IP
followed by proteolysis of GDF11/8 were highly reproducible
(Figure S3, Supporting Information), and subsequent PRM
LC-MS/MS assay data were used for quantification of both
proteins (Tables S4,S5, Supporting Information). We observed a
significant decrease of both GDF8 (26.489 ± 5.621 vs 13.190 ±
5.860 ngmL−1, p= 0.0025) andGDF11 (0.0673± 0.0138 vs 0.0446
± 0.0171 ng mL−1, p = 0.0308) in the serum of 30-month old fe-
male C57Bl/6 mice compared to young mice (Figure 3). Interest-
ingly, circulatingGDF11 inmice is ten times less than in humans
and more than two orders of magnitude lower than circulating
GDF8.[6,7] The biological relevance of these findings require fur-
ther investigations, including the role of gender and pathological
conditions in contributing to changes in circulating levels.

Supporting Information
Supporting Information is available from the Wiley Online Library or from
the author.
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