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a Abstract e Human plasma samples tested e CEA*EVs and soluble CEA are elevated in distinct sets of CRC samples

Colorectal cancer (CRC) is the second leading cause of cancer death in the United States. Carcinoembryonic antigen (CEA or CEACAM-5) is a All plasma samples used in this study were collected in EDTA tubes and were immediately centrifuged twice after collection to remove platelets. . Observation from two discovery cohorts
biomarker commonly used in the management of CRC. It is present at low levels in healthy adults and is elevated in CRC. CEA is a critical part 1. EV purification study: 16 convenience plasma samples were used to assess the performance of Captocore-mediated EV purification. CEAYEV levels were assessed using the intact-EV assay format ‘B’ in purified plasma samples. Soluble CEA was measured using the R
of post-treatment surveillance, and improved CEA assays may enable earlier detection of recurrence. While CEA is known to be secreted from 2 CRC Sample Testina. Discoverv Cohort 1: 23 plasma samples purchased from iSpecimen were assaved for soluble CEA. CEA*EVs and St BV as : . v
CRC cells in a soluble form, we have observed an alternative form of CRC-derived CEA in plasma samples, in association with extracellular C.D73+EVs Tﬁis set inlcll?éedl 8 h:al’:?l,y and 15 S’;age R/CRC samSIes - epesmen ! ’ | PLEX CEA assay on unpurified plasma. In the two discovery cohorts, GEA'EV (A) and soluble CEA (B) levels are markedy increased in
vesicles (EVs). To facilitate measuring EVs that present CEA (CEA*EVs) and/or other CRC-related surface proteins, we developed a high- 3. CRC Sa.m le Testing. Discoverv Cohort 2- 37 Plasia samoles .from the Vanderbilt University Medical Center (VUMC) Cooperative Human stage IV CRC individuals compared to normal controls. In both cohorts, a subset of stage IV CRC individuals (3/15) (C), and (4/23) (D)
throughput EV purification method using a multimodal chromatography resin that consistently removes most soluble proteins, which can interfere Tissue Networ:k (CHTN)gv:/ere assa 'Z d for EVs a.n 4 soluble markel:s This set included 14 health an}; 93 Stage IV CRC samoles P showed elevated CEA'EVs but low soluble CEA.
with downstream EV assays. We employed highly-sensitive, multiplex electrochemiluminescence (ECL) immunoassays for measuring intact EVs ) ) .y ' y g pes. , A CEA*EVs B Soluble CEA C Soluble CEA vs CEA* EVs D Soluble CEA vs CEA* EVs
presenting CEA or CD73 in purified human plasma and found that plasma levels of CEA*EVs and CD73*EVs were elevated in some late-stage 4 CRC Sample Testing, Validation Cohort: 105 plasma samples from the VUMC CHTN were assayed for EVs and soluble markers. This set e Discovery Cohorts i 2 Discovery Cohorts . Dlsu:::overy cohor: 1Stage . 1;m_ Dls:covery cohort 2
CRC samples in three cohorts. We also assayed CEA/CD73 double-positive EVs (CEA*CD73*EVs) using a three-marker ultrasensitive assay included 23 healthy, 17 Stage | CRC, 18 Stage Il CRC, 23 Stage Il CRC, and 24 Stage IV CRC samples. —— — T o oma N .
format and found these were elevated in the same CRC samples as CEA*EVs albeit with lower background in control samples, leading to R 424 | 1000000 R Lax R L
improved specificity. Additionally, approximately 20% of stage IV CRC samples had elevated CEA*EVs and CEA*CD73*EVs while exhibiting low . g . . . 3 L |8 s 3 o R s N L
soluble CEA. Receiver operating characteristic analysis (ROC) showed that the combination of CEA*CD73* EVs and soluble CEA assays HTP pu”flcatlon Of hlgh' and Iow'abundance EV pOpUlatlonS 2 1000 ° " 23 100000- s “ 1 2000 N - 2 o Lo ’ N .
provided the best discrimination between controls and stage IV CRC samples. These results suggest that assaying both soluble and EV- _ ; : : _L © éﬁ fas ; ‘ - ; -‘!"‘,i‘ ‘ ‘
associated forms of CEA in plasma may improve the value of CEA measurement in CRC. It also shows that assaying EVs that simultaneously l. Over 99.9% removal of soluble proteins under the MW cutoff (400kD) S *uia| B om] e ot | O o ‘ """" . S 10 TT°
present two tumor-related surface markers can increase specificity for the detection of tumor-derived EVs relative to those presenting a single L o _ _ — Y $ 134 14 ot ;-:.; ad oes' U
marker EV purification was performed on 16 samples in friplicate. Soluble protein removal is Total Protein (BCA) and Albumin Removal . i H I . . - o 5 4 stage IV
reported as the ratio of protein concentration measured in plasma before and after EV e ———— B A s s v A AL e v e e S T
e Methods purification. Variability was assessed by comparing protein removal between technical 1014 4 @lgug;r:n Removal Discovery Gohort 1 Discovery Gohort 2 Discovery Cohort 1 Discavery Gohort 2 Soluble CEA (ECL) Soluble CEA (ECL)
replicates and across samples. Albumin and |gG removal is above 99.9%. IgM is Iarger Mann Whitney test, 2tailed, *p<0.05, **:p<0.01, **:p<0.001 Quadrants: Median (normals) +3xStDev (normals)
. T . ‘ . than 400kD and thus was not efficiently removed. Total protein removal is above 98%. T
_ . High .throgghput (HTP) plasma EV purification using Capto.c.orc.e 400 core-shell resin (Cytiva) e [ Gosmvemn | £ | CE T EaEErREEEEEsE II. Confirmation of the observations in a validation cohort, and detection of CD73* EVs
Size Exclusion Principles Filter Plate Purification Procedure Protein Size Assa (triplicates) (triplicate): %CV Removal 2_5 i . EVs were assayed using ultrasensitive intact EV assay format “C” using common EV proteins for detection antigens 1 and 2. Elevated CEA*
« Pores in the resin shell exclude extracellular vesicles and other 100 L plasma per sample is diluted and added to the (kD) g ~Mean [ stDev [y T | S . EV (A) and soluble CEA (B) levels were confirmed in stage IV CRC samples. C. A subset of stage IV CRC (5/24) showed elevated CEA*
macromolecular structures with molecular weight (MW) > 400kD washed resin in deep well plates e e Y Frorce BCA sseay b %:'2‘7"’3' /"Rg';‘g"a' o T oo o & Py " . } . 0 EVs but low soluble CEA. D. CD73* EVs were elevated in stage IV CRC with a high correlation to CEA* EVs (correlation not shown).
« Ligand-activated core (octylamine) retains molecules below the MW * Resin / Samples incubated with mixing for 1h Albumin 66 | RPLEX® Human AbuminZ | 9992 | 005 | 001% 1 0001% loosss| = o8d = . L
cutoff that enter the pores » Centrifugal processing in 96-well fritted microplates to retain IgG 150 {1100 pare 1 Human/Np | 2992 003 | 001% |0.001% | 0.1% ’ A. CEA' EVs B. Soluble CEA Q;m, SSEEICEANS CEA"EVs P CD73" EVs
« High throughput: Operator can process 8 plates per day (768 resin with bound proteins and elute purified EVs gV 1000 anet 1 ruman 56.75 12 | 59% | 09% |208% 100000 » o] — . 2 Sy
1 1 1 9 T T T T T T T T T T T T T T T T ' . ! 'n : A kot
samples). This would take several weeks using gravity SEC columns. Assay catalog numbers: ': Pierce A55864; % MSD K1514VR: 3 MSD K15203D T 73 45678 910 111215141518 | = — '
Plasma Samples 3 “ E 1004 ns . - & 3
Il. MSD’s ECL-based assays measure the concentration of soluble proteins and intact EVs e : : R == . : s 2
) e y P Il. EV purification eliminates assay interference due to soluble proteins I -4 - | B ‘ @ Toens o
in complex biological samples A. cD9° EVs , cD36" EVs R Al I T -l B TS RN . i
. When assaying specific EV populations using intact-EV assays like those L e S fotoq 3 |ix % 1 © el o o S L o
Electrochemiluminescence (ECL) Technology shown in formats “B” or “C,” the presence of abundant soluble forms of the e = PosCaptocore i Bl 'tiii‘:‘ e wo
The MESO SCALE DISCOVERY © (MSD) ECL detection technology uses SULFO-TAG™ labels that emit light upon electrochemical stimulation capture antigen(s) can compete with EVs for the capture antibodies. _ ) /)./ 1R e I I 1000 I O
nitiated at the electrode surfaces of MULTI-ARRAY® microplates. . In such cases, the quantitation of EV concentration is underestimated at low 8 /’/:/E"/"' — |z P ormel Stagel Stagell Stegell Steee ¥ romel Sieaet Stell Sesetl See T soeceamomy e e e e
» High sensitivity: Multiple excitation cycles can amplify signals to enhance light levels. N dilutions, as illustrated by CD9* EVs (A) and CD36* EVs (B). £ 100001 s L i Mann Whitney test, 2tailed, *p<0.05, **p<0.01, ***p<0.001 Quadrants: Median (normals) +3xStDev (normals)
« Broad dynamic range: High- and low-abundance analytes can be measured without multiple sample dilutions. Removal of interfering proteins by Captocore allows samples to be accurately 2 . 8 e
* Low background: The stimulation method (electricity) is decoupled from the output signal (light) resulting in extremely low background. o _ s , . . © s © S . . . . . .
S uanted wilh less dufon whete signals are igher — an important y . Detection of intact CRC-derived EVs in addition to soluble CEA improves
) ® : consideration when assaying low abundance EVs. ¥ . . .
U-PLEX® Multiplexed Inmunoassays G6-1ell 0-5pc Pl e v roooL2 RO Stage IV CRC sample identification

Biotinylated capture antibodies are each coupled to one of ten unique U-PLEX Linkers, which self-
assemble onto spots on the U-PLEX plate. Multiplexing conserves valuable samples by allowing up
to ten determinations per well.

A. CEA*CD73* EV levels were assessed using the ultrasensitive intact-EV assay format “C” with CEA capture and CD73 as one of the

lll. Consistent recovery of hlgh- and low-abundance populatlons of plasma EVs detection antigens. CEA*CD73* EVs were significantly elevated in stage IV CRC. B. CEA*CD73* EV assay has lower background in normals

EV recovery was determined using intact-EV assays = % EV Recovery (ratio of ECL signal Post: / Pre- Captocore Purification) than QEA EVs and thus shows improved separation of QRC samples from controls. C ROC curves show that the combination of soluble
to measure the E\( concentration in the 16. plagma populations High-abundance EVs Low-abundance EVs CEA with CEA*EVs or CEA*CD73*EVs improves specificity and sensitivity for classification of stage IV CRC and controls.
Sam‘?'es. from Section | before and after purlflcatlop. Capture | e |uiADR| cD63 | cps1 | cp9 | cp1o5| cp1s | cp3s | coss | cpas | co73 A. CEA*CD73" EVs B. Fold Above Median Normal Plasma  O.  Receiver Operating Characteristic Curves
- o e i s Purification of each sample was performed in Antigen — 1o po—
Assay Format “A” for soluble Assay Format “B” for intact EVs: Assay format “C,” ultrasensitive assays for triplicate. Pre- and post- purification samples were 1 611 | 621 | 611 | 540 | 620 | 202 | 490 | 482 | 717 | 540 | %54 e 04 Suel X
: ' + + ' - - + + . e e 2 574 | 655 | 618 | 544 | 587 | 500 | 349 | 314 | 460 | 522 | 475 : - r‘
analytes: e.g. CEA, CD73, Albumin e.g. CEA*EVs or CD73*EVs intact two-marker EVs: e.g. CEA*CD73* EVs diluted sufficiently to ensure dilution linearity and Z Al S B MBI DY LS| e | w0 | 22 AT 3 : = os 4} ‘E{_:r:,_.rf.r
SULFO-TAG labeled™ vAg ECL signal when Detection thus accurate relative quantitation. 4 | 797 | 727 | 797 | 571 | 828 | 540 | 333 [ 419 | 524 | 523 | 591 & 100001 @ g0 N
detection AntibOdy \i . < > Antibodies 1 and 2 are . . 5 77.7 76.1 81.0 67.7 75.5 73.6 711 79.7 751 - 67.9 w “ ® ; 0.6 Soluble CEA
: _J%zs ULFO-TAG™ labeled ,}:: I ‘f\giﬁ/ _~ boundtosameEV Ag Recovery of five high-abundance EVs was ol 6 646 | 645 | 659 | 617 | 683 | 375 | 366 | 346 | 437 | 439 | 36.1 o 0 5 30 g .JI __ o= oz
-TAG™ . : “p o o I 4 =
oo M detecton Antbody i —— > measured using the intact-EV assay format “B.” EV g ; ggg %? ggg gg; gg; gg? ggg 4';/*7 g‘;; ggg 282 e e g 7o B
~ . A . . . C o 1] 7] -
e NI~ e | s \M e Deteston recovery is consistent across phenotypes but varies |G| g "e75 | 619 | 632 | 540 | 660 | 513 | 342 | 344 | 634 | 574 | 462 IR R - 6] e soume cens ceneve
| Nga \ : ///;/ Antigen 2 79,4 between samples. Each technical replicate was G| 10 | 573 | 576 | 548 | 430 | 57.1 | 483 | 344 | 374 | 372 | 504 | 314 o o . O
AGE TR et 1 ;'_‘ Captured Yo -~ Detection assayed Separate|y_ o 11 52.5 50.1 40.7 34.6 47.5 38.1 28.7 32.2 40.8 36.8 41.3 100 4— . . ? : 0 0.0 L '
f,ﬂ;iﬁ;f,“f,::fo‘;"j“ga‘ed_ . / | | = Antigen 2 . 12 39.7 35.5 33.0 28.5 39.9 24.4 2.3 25.0 253 240 271 Normal Stage| Stagell Stage lll Stage IV 25 000 025 10:5g eCi?i.;'i?y 1.00 125
| By ~ | I | 3 Recovery of six low-abundance EVs was measured 13 | 500 | 573 | 592 | 455 | 531 | 407 | 447 | 400 | 472 | 509 | 3841 Mann Whitney test, 2tailed, *p<0.05, **p<0.01, ***p<0.001 P
Soluble Aralte | : . s ricen 2 using the ultrasensitive assay format “C.” Here, 1‘; ggg igg 2?“71 22,(2, ﬁ‘; ‘3‘3? ‘3‘;8 ggg ggg ggg ‘z‘gg
Capture — 1 apture / RO . ! . . d . . . X . d ) . u
- - ! \N./ Capt :
et copre | aign N Arigen 1 Antgen' l// W technical replicates were pooled. Recovery of low- 16 | 433 | 473 | 507 | 422 | 485 | 335 | 334 | 237 | 487 | 449 | 335 a Conclusion
Anibody ‘ o\ I is sli ' i o . .
%_ %_ Q ! ‘I-/ \\‘L, ker 10 [ 7 \\‘Linkerw abundance EVs is S“ghﬂy lower and more variable %CV of triplicates of Captocore purification: Min = 0.9%, Max=22.2%, Median=5.1%; NA: Not Available ] L ) . L. ) L
WLEXLnker —— : & Linker 1 O Linker I — — between samples than high-abundance EVs. ® Our high-throughput EV purification method was effective at removing soluble protein interferants, allowing for strong quantitative
! . . . Acknowledgements: i ' - ' -EV i '
: ' Bound EVs are detected using a pair of detection A regorted s pubicaton was. partaly goErrAEEr\Lson of IZVf ut8|2|g ECL ba;,edt m}:[a]lc: E\( |mmunoa|ssays. |V\(/1E') applied th(;%e;/ mtehthtoggd to ’;hre(;l tStRcll satrnglelsets alnd Ish0\1/:vedltglat
Soluble analytes are captured and Intact EVs are captured by antibodies targeting ~ antibodies targeting two  distinct antigens. supported by the National Center For Advancing CEA WS V\llered clectable '(;‘ isu selo ate-slage Samaesbngcg]%fogle( 0) that did not exhi Ide evied Fasma ngvgs 0 lsou eI
detected usin a sandwich  distinct surface antigens, e.g. CD73 or CEA.  Ultrasensitive assay format only generates signal A, s Translational Sciences of the National Institutes of Health . We also demonstrated that an ultrasensitive assay for =V's may represent an improved method for quantifying colorecta
and the NIH Common Fund under Award Number t derived EVs b ficity relative to CEA*EVs. Th bination of for intact t derived EVs with exist
. . . . . . . Ny - : u u W u - -
immunoassay format with SULFO-  Bound EVs are detected using SULFO-TAG  when both detection antibodies bind to the same : it umor-gerived £VS by Improving Speciiicily relative 1o S. 1he combination ot assays Ior Intact tumor-aerived EVS With exiSting assays
y UH3TR002886. The content is solely the responsibility of f luble CEA d t bet CRC and trol | q ht ultimatel th t limited f
TAG ECL labels. labeled detection antibodies that recognize EV. At least one of the two detection antibodies the authors and does not necessarily represent the official (?lg:\%ut et' ] can III[]pI:OVG fllsf[:”mtma IO(?RCetween ana control sampies and mignt uitimately improve the current limited accuracy o
common antigen(s) on EVs; usually this is a  typically targets CD81, CD9, or CD63. MSD's views of the National Institutes of Health. etection in monttoring of fate stage umors. @90

cocktail of antibodies targeting common EV ultrasensitive technology allows even rare EV
proteins, e.g. CD81, CD9 and CD63. populations to be detectable by this assay format.
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