
Conclusions 
• Here, we demonstrate a highly selective and rapid assay for the qualification of eight candidate 

biomarkers of AD in a single analysis 

• TMT-SRM has application for the qualification of candidate biomarkers in other disease areas 

• The TMT-SRM method performed similarly on the QTRAP and TSQ Vantage, demonstrating the 

robustness of the approach  

• We are currently performing analysis of variance between AD and NDC groups quantitated on 

both instruments, towards the validation of each protein as a biomarker of AD. 

 

  Overview 

• TMT-SRM provides targeted, multiplexed qualification of candidate biomarkers of Alzheimer’s 

disease 

• Excellent correlation of TMT-SRM to immuno-based approaches 

• Equivalent performance of TMT-SRM on QTRAP and TSQ Vantage platforms 

• Rapid transfer from biomarker discovery to validation using a single TMT platform 

Introduction 
Biomarker discovery studies in Alzheimer’s disease (AD) have resulted in large numbers of candidate proteins which 

require high performance assays for subsequent qualification. Selective reaction monitoring (SRM) using triple 

quadrupole mass spectrometry, allows for the multiplexed quantitation of many peptides in complex protein digests 

such as plasma, with powerful analytical performance.1 SRM-based approaches are an attractive alternative to ELISAs 

due to the sensitivity and selectivity of the technique, the capacity to multiplex and the ability to measure analytes for 

which no antibodies are available. Further, by combining SRM with isotopic versions of Tandem Mass Tags (TMT-

SRM), an internal reference sample can be introduced which improves assay performance and allows for absolute 

quantitation.2 Clusterin, complement factor H (CFH), fibrinogen gamma-chain, complement C3, serum amyloid P 

component (SAP), gelsolin and alpha-2-macroglobulin (A2M) have been found to be differentially expressed in AD 

patients using two-dimensional gel electrophoresis and TMT-labeling technologies.3,4,5 Additionally, apolipoprotein E 

(ApoE) has been included in the panel as the ApoE allele (ε4) has been shown to cause increased susceptibility to 

AD.6 Here, we implement TMT-SRM for the qualification of the candidate biomarkers. TMT-SRM results were 

compared to western blot results for one of the proteins, gelsolin. Further, the performance of the TMT-SRM method 

was directly compared on QTRAP and TSQ Vantage platforms. 
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Figure 2. Peptide amounts in 
plasma for each candidate 
biomarker across AD and NDC 
samples. A  Table displaying 
the mean absolute amounts of 
each peptide in plasma in AD 
and NDC and the fold change 
observed between groups. The 
regulation of each protein  in 
AD across discovery and 
validation studies is also given. 
In order to determine if there 
was a significant difference 
between groups, p-values were 
calculated from the mean 
amounts (nsd=no statistical 
difference). B Bar charts with 
95% confidence intervals, 
displaying the difference 
between AD (blue) and NDC 
(red) samples for peptides of 
each candidate biomarker. All 
peptides for four of the proteins 
(gelsolin, SAP, complement c3 
and CFH) showed a significant 
statistical difference between 
disease and control groups (p-
value <0.05), which was in-line 
with discovery results. The two 
clusterin peptides showed no 
significant difference between 
groups, this was in agreement 
with a large validation study by 
ELISA.4 For the remainder of 
the peptides, no significant 
difference was observed. 
 

Protein Peptide Mean AD Mean NDC Fold Discovery Validation P-value 

I.D. (μg/ml) (μg/ml) Change TMT-SRM 

Gelsolin 29 16.1 24.9 0.65 ↓AD ↓AD 0.0002 

30 11.0 18.4 0.60 ↓AD ↓AD 0.0021 

31 16.9 25.1 0.67 ↓AD ↓AD 0.0001 

SAP 22 5.4 4.2 1.29 ↑AD ↑AD 0.0000 

23 5.4 4.5 1.19 ↑AD ↑AD 0.0035 

Complement c3 8 321.1 243.8 1.32 ↑AD ↑AD 0.0243 

9 477.0 380.3 1.25 ↑AD ↑AD 0.0365 

CFH 12 44.7 38.8 1.15 ↑AD ↑AD 0.0262 

13 24.6 21.2 1.16 ↑AD ↑AD 0.0070 

Clusterin α-chain 1 8.3 7.5 1.10 ↑AD nsd 0.0801 

Clusterin β-chain 5 22.3 24.5 0.91 ↑AD nsd 0.0540 

A2M 14 204.6 207.5 0.99 ↑AD nsd 0.6055 

15 154.0 169.4 0.91 ↑AD nsd 0.2306 

Fibrinogen gamma 19 14.7 12.7 1.16 ↑AD nsd 0.1543 

20 4.9 4.7 1.04 ↑AD nsd 0.7065 

ApoE 24 6.2 6.1 1.00 nsd nsd 0.9707 

25 5.6 6.1 0.91 nsd nsd 0.0928 

Table 1 Plasma peptides from each candidate protein selected for SRM quantitation. For each protein, the 

sequence of each peptide is indicated, along with the peptide’s precursor ion charge state and TMT labeling 

properties. The Q1 transitions are listed along with the fragment ions selected as the Q3 transition for the 

specific detection of the light and heavy-labeled versions of each peptide. 

Results 

 

Protein Peptide Candidate peptide Charge                Light TMT Heavy TMT 

  I.D.     Q1 Q1 Q3  

Clusterin α-chain 1 TMTTLLSNLEEAKTMT 2 783.5 788.5 b7, b8, y7 

Clusterin β-chain 5 TMTALQEYR 2 502.3 504.8 b3, b4, b5 

Complement  c3 8 TMTFYYIYNEKTMT 2 794.5 799.5 b4, b7, y5 

  9 TMTLVAYYTLIGASGQR 2 868.5 871.0 y11, y12, y13 

CFH 12 TMTIDVHLVPDR 3 430.0 431.6 b3, b4, y5 

  13 TMTVGEVLKTMT 2 546.9 551.9 b4, b5, y5 

A2M 14 TMTAIGYLNTGYQR 2 740.4 742.9 y8, y10, y11 

  15 TMTTGTHGLLVKTMT 2 687.4 692.4 b7, b8, y5 

Fibrinogen gamma 19 TMTLDGSVDFKTMT 2 664.9 669.9 b6, y6, y7 

  20 TMTVGPEADKTMT 2 582.4 587.4 y5, y6, b6 

SAP 22 TMTVGEYSLYIGR 2 690.9 693.4 b7, y7, y9 

  23 TMTAYSLFSYNTQGR 2 816.0 818.5 y8, y10, y11 

ApoE 24 TMTLGPLVEQGR 2 596.8 599.3 b5, b6, y8 

  25 TMTLQAEAFQAR 2 629.4 631.9 b5, b6, b7 

Gelsolin  29 TMTTASDFITKTMT 2 665.9 670.9 b6, y4, y7 

  30 TMTAVEVLPKTMT 2 602.4 607.4 b5, y5, y6 

  31 TMTHVVPNEVVVQR 3 500.6 502.3 b3, y5, y6 

• Achieved absolute quantitation, with all measurements within the linear range of quantitation for all peptides 

(Figure 1) 

• Similar fold changes were observed between AD and NDC groups (n=20 total) for peptides of the same protein, 

providing confidence  for the differences observed between disease and control groups (Figure 2) 

• Gelsolin measurements were markedly decreased (~35%) in AD samples and a very high correlation (Spearman 

correlation coefficients 0.65–0.73) was observed between TMT-SRM and WB results 

• There was no significant change in clusterin between groups, which is in-line with a large validation study by 

ELISA 

• SAP, complement c3 and CFH levels were significantly increased in AD versus NDC (n=20 total) 

B 

A 

Figure 1. Examples of reversed calibration curves obtained with TMT-SRM assay. IDVHLVPDR (CFH), 
LGPLVEQGR (ApoE), and HVVPNEVVQR (gelsolin) peptides are displayed. Linearity, precision, accuracy, 
and limits of detection and quantitation were determined. 
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Ongoing and Future Work 

• We have now progressed to the implementation of the method in a larger sample cohort (60 AD and 30 NDC 

subjects at baseline). To facilitate assay portability across MS platforms, samples were quantitated by the TMT-

SRM method on both QTRAP and TSQ Vantage (Thermo Scientific) instruments. LC-SRM analysis on the 

QTRAP was as described previously. For the TSQ, TMT-SRM analysis was performed using a surveyor LC with 

segmented scheduling (minimal 1 min window per peptide), resulting in a maximal cycle time of 0.72 s with 20 

ms dwell time/ transition. Data was acquired once for each plasma sample on each instrument 

• The absolute amount of each transition of each peptide was calculated as described previously 

• Equivalent TMT-SRM measurements between instruments were visualised (Figure 3) and the agreement 

between the two methods assessed 7 

  Methods 
1. Sample selection Plasma samples from AD patients and non-demented controls (NDC) were selected from the ART cohort 

that were shown by western blotting (WB) to have different gelsolin levels between groups (10 samples in each group).  

2. TMT-SRM method development Peptides unique to the target proteins (32 in total) were selected for TMT-SRM quantitation 

based on pre-existing MS/MS data. Synthetic versions of each peptide were obtained at known concentration to act as 

internal standards for absolute quantitation. Synthetic peptides were labeled with heavy TMT and plasma samples labeled 

with light TMT. LC/MS parameters were optimised for the selective detection of each peptide (Table 1). TMT-SRM analysis 

was performed using an Ultimate 3000 LC (Dionex) coupled to a 4000 QTRAP (ABI). Peptides were resolved by reversed-

phase (RP) LC over a 14 min ACN gradient (Figure 1A). The MS method had a 45 s scheduling window for each peptide, 1 

sec cycle time and > 20 ms dwell time/transition  for the QTRAP.  

3. Assay performance Calibration curves were prepared for each peptide in plasma matrix to determine linearity, precision, 

accuracy,  and limits of detection and quantitation.  

4. MS analysis of the sample set Plasma samples (20 in total) were digested in triplicate (technical repeats), labeled with light 

TMT and spiked with a constant, known amount of heavy TMT-labeled standard peptide. All samples were analysed in 

triplicate.  

5. Data analysis Peak areas for each transition were extracted and a ratio calculated of endogenous peptide to internal 

standard. This ratio was then used to calculate the absolute concentration of the protein in plasma. Following stages 2, 3 and 

4, 15 peptides were deemed unsuitable for TMT-SRM quantitation. This was either due to the poor endogenous detection of 

the peptide in plasma or non-specific SRM transitions. Seventeen peptides remained (at least two per protein) for 

quantitation in the multiplex TMT-SRM assay. 

 

Figure 3. Comparison of all TMT-SRM measurements on the QTRAP and TSQ Vantage. The difference between the 
equivalent samples on each instrument was plotted against the mean of both. All data was log-transformed. The 
mean and mean +/- 2 standard deviations (SD) are plotted with dashed lines. Points are coloured according to the 
peptides they represent 
 

• All absolute amounts as determined on both platforms were in the same range for all peptides. The plot shows  
good agreement of the TMT-SRM method on the QTRAP and TSQ Vantage platforms.  
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