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Quantitation of Protein X by LC-MRM/MS using the AQUA
(absolute quantitation) approach, in FFPE (formalin-fixed
paraffin-embedded) tissue sections from breast and gastric
cancer patients.

e To develop an analytical platform for monitoring
Protein X levels in laser capture microdissected (LCM) or
macrodissected FFPE tissue sections, using FFPE breast and
gastric tumor tissue overexpressing Protein X.

¢ To evaluate the performance of the developed assay for
sensitivity and linearity, reproducibility of the Protein X
measurement, use of macrodissection vs LCM, and frozen
tissue stability.

¢ To use the characterized method for the analysis of 31
FFPE tissue sections derived from breast and gastric tumor
biopsies.

FIGURE 1: FFPE tissue processing workflow. Tumor

tissues from 4 um sections were dissected using either LCM or
macrodissection. Dissected tissue was collected in acid-labile
surfactant-containing buffer and homogenized by heat/sonication.
After protein quantification, a total of 1 ug of protein per sample
was trypsin-digested, spiked with SIL peptides and analyzed by LC-
MRM/MS. Concentrations of Protein X were determined by the
AQUA approach.
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The MRM assay was developed for measuring Protein X
using 3 surrogate peptides and 2 transitions per peptide.
Peptides and transitions were determined via trypsin
digestion of the recombinant Protein X followed by MRM
analysis. Assay characterization was performed using
tumor tissue from 4 um FFPE sections dissected using LCM
or macrodissection, based on a pathologist evaluation.
Dissected tissues were collected into acid-labile surfactant-
containing buffer, homogenized by heating/sonication and
total protein yield was determined using a micro BCA assay.
For sample analysis, 1 pg total protein was trypsin-digested
at 37°C overnight. Digested samples were spiked with fixed
concentrations of HPLC-purified stable isotope labeled (SIL)
peptides and desalted prior to MRM analysis. MRM analysis
was performed using a NanoAcquity UPLC (Waters) coupled
to a QTRAP 6500+ mass spectrometer (AB Sciex) and peak
integration was performed using the MultiQuant software
(AB Sciex). Concentrations of Protein X were determined by
the AQUA approach, using the following formula:

Concentration (fmol/ug)= Peak Area Ratio light/heavy x Amount of SIL Peptide (fmol)

Amount of processed protein (ug)
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FIGURE 2: Determination of FFPE tissue amounts for
reliable Protein X detection by LC-MRM/MS. A.Images

show macrodissected H&E-stained serial sections derived from

a FFPE breast tumor block. B. A range of sample amounts were
processed and injected into the Q-TRAP 6500+ to assess the
sensitivity and reproducibility of the assay. Protein X was detected
from 1.4 mm? of FFPE tumor tissue (0.7 ug total injected protein),
and processed protein amounts correlated with peptide peak
areas. Peak area values from independent replicates (n=2) was

reproducible, with a CV <10%.
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Peak Areas
Relative
FFPE Sample Amount Dissected .’:Z;:;”}t ) Peptide 1  Peptide 2  Peptide 3
Processed (ug) Area (mm?) . g,
Whole section Replicate 1 15 21 10.9 2862929 3242180 908547
Whole section Replicate 2 15 29 10.9 2896210 3066777 854873
mean 2879570 3154479 881710
%CV 0.82 3.93 4.30
25% section Replicate 1 5 7 3.6 893941 886770 252411
25% section Replicate 2 5 10 3.6 962849 983435 279550
mean 928395 935103 265981
%CV 5.25 7.31 7.21
10% section Replicate 1 1 1.4 0.7 209652 222254 65655
10% section Replicate 2 1 2 0.7 207138 218669 61797

mean
%CV

208395
0.85

220462
1.15

63726
4.28

FIGURE 3: Assessment of the assay linearity and sensitivity.
Breast and gastric FFPE tumor sections with low Protein X expression
were used as a surrogate matrix to prepare the crude SIL peptide
calibration curves (8 standards in duplicates, 1 ug of matrix per
calibration standard). Data showed a linear response for Protein X
peptides, with 2 peptides with an LOD of <1 fmol/g and 1 peptide with
an LOD of <5 fmol/g. Of note, this calibration curve was generated
solely for the purpose of assessing the linearity and sensitivity of the
assay and it was not used to calculate sample concentrations. LOD,
limit of detection.
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. ) Peptide 1 0.39

| Peptide 2 0.48
Peptide 3 3.51

FIGURE 4: Testing Protein X quantitation in FFPE tissue

samples using the AQUA approach. A. Assay reproducibility was
assessed by quantifying Protein X in 6 independent replicates from

a single breast tumor sample. B. Macrodissection and LCM were
compared by quantifying Protein X in serial slides of a single breast
tumor dissected independently. Table shows the average of

6 replicates processed independently. C. Tissue stability at -80°C
for 15 days (T=15) was compared to overnight storage (T=1). Table C
shows the average of 6 replicates processed independently for T=1.
T=15 were processed as singlicates. Results show that measurement
of Protein X was reproducible and use of either LCM or
macrodissection provided comparable results. Protein X was stable
after storage at -80°C for 15 days. BLOD, below limit of detection

determined in Figure 3. ND, not detected.

A B
. FFPE Sample Protein X
Peptide ,
(Macro_Breast) | (fmol/ug protein) Protein X
gep;{ca:e ; 8;22 (fmol/ug protein)
. Repficato 3 0748 LCM x Macro  Peptide 1 Peptide 2 Peptide 3
Replicate 4 0.775 Macro_Breast (1) 0.731 0.866 1.654 (BLOD)
Replicate 5 0.750 Macro_Breast (2) 0.778 1.021  1.994 (BLOD)
Replicate 6 0.590 LCM_Breast 0.653 0.59 ND
Average 0.731
CV% 9.78
Replicate 1 0.945
Replicate 2 0.927
Replicate 3 0.787
2 Replicate 4 0.846
Replicate 5 0.871
Replicate 6 0.824 C
Average 0.866
CV% 7.01
Replicate 1 1.629 (BLOD) Average Protein X
Replicate 2 1.684 (BLOD) (fmol/ug protein)
Replicate 3 1.811 (BLOD) gy, QMO ; : :
3 Replicate 4 1394 (BLOD) Stability -80°C Peptide 1 Peptide 2 Peptide 3
Replicate 5 1.304 (BLOD) Macro Breast T=1 0.731 0.867 1.654 (BLOD)
Replicate 6 2.100 (BLOD) Macro Breast T=15 0.732 1.044 1.431 (BLOD)
Average 1.654 LCM Gastric T=1 1.404 1.942 2.783 (BLOD)
CV% 17.43 LCM Gastric T=15 1.216 1.451 ND

FIGURE 5: Macrodissection and LCM of FFPE tumor biopsies

derived from gastric and breast cancer patients. Following
evaluation by the pathologist, 31 samples derived from breast or
gastric tumors were dissected by either LCM or macrodissection
(Macro). Images show examples of macrodissection and LCM of 4 um
gastric tumor tissue sections. Dissected slides were post-stained with
Hematoxylin and Eosin (H&E). Numbers in red represent the dissected
surface areas in each slide.
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Figure 6. Protein X quantitation in 31 FFPE tumor biopsies
derived from breast and gastric cancer patients using the

AQUA approach. 1 pg of total protein per sample was processed for

Protein X quantitation. The results show consistency in the Protein X

guantitation between peptides 1 and 2 for both gastric and breast FFPE

tissues. Peptide 3 was less reliable due to lack of appropriate assay
sensitivity and carry-over effects.

Study Samples Peptide 1 Peptide 2 Peptide 3
Tumor s . Dissection Protein X Protein X Protein X
ample fmol/ fmol/ fmol/
Ty pe i Method i)rote;rlf)] i)rote;tlg i)rote;:rs)]
FFPE 1 Macro 0.7104 0.7148 0.2599
FFPE 2 Macro 0.4969 0.4101 0.5601
FFPE 3 Macro 0.3329 0.4849 0.1242
FFPE 4 LCM 0.2220 0.1701 ND
FFPE 5 Macro 0.3112 0.3887 0.0954
FFPE 6 Macro 0.2088 0.2259 0.0482
FFPE 7 LCM 0.0700 0.1034 ND
FFPE 8 Macro 0.0738 0.0591 ND
. FFPE 9 Macro 0.1938 0.1710 0.2469
Gastric  cror'io Macro 0.1918 0.2672 ND
FFPE 11 Macro 0.3845 0.4149 0.1419
FFPE 12 LCM 0.2337 0.2184 0.0976
FFPE 13 Macro 0.3114 0.3548 0.0687
FFPE 14_R1 Macro 0.5329 0.6883 0.1746
FFPE 14 R2 Macro 0.6486 0.6806 0.1527
FFPE 15 LCM 0.0263 0.0549 ND
FFPE 16 LCM 0.3764 0.3122 0.2213
FFPE 17 Macro 0.1714 0.1678 0.2151
FFPE 18 Macro 0.4737 0.6320 0.5074
FFPE 19 Macro 0.1160 0.1351 ND
FFPE 20 Macro 0.4686 0.7312 0.2056
FFPE 21 Macro 0.2714 0.3465 0.1933
FFPE 22 Macro 0.2318 0.2799 0.0654
FFPE 23 Macro 0.2394 0.2637 0.2664
Breast FFPE 24 Macro 0.0260 0.0486 ND
FFPE 25 Macro 0.3966 0.4207 0.3287
FFPE 26 Macro 0.3706 0.3659 0.2240
FFPE 27 Macro 0.3101 0.3354 0.1362
FFPE 28 Macro 0.3057 0.2555 0.2021
FFPE 39 Macro 0.2344 0.2923 0.1395
FFPE 30 Macro 0.1012 0.1651 ND
FFPE 31 Macro 0.1432 0.2532 0.0808

e A sensitive and accurate analytical platform was developed
for the quantitation of Protein X by LC-MRM/MS in FFPE
tissue material using the AQUA approach.

e The results showed a tight correlation between peptides
1 and 2 in the Protein X quantitation. Peptide 3 was
considered unreliable due to lack of appropriate assay
sensitivity and carry-over effects:
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e Quantitation of protein X in FFPE tissue was comparable
irrespective of tumor size, type, or biopsy strategy (LCM or

macro):

e QOverall,

Lrata visualizatson {boxplor)

the assay results showed good analytical

performance and demonstrated the feasibility of using the
developed workflow for batched-processing of FFPE samples
(i.e. for targeted biomarker discovery studies).

A more comprehensive manuscript is in preparation and will
be submitted for publication.
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