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Exosomal CEACAM1

Serum exosomal CEACAM1 as a novel tumor marker for colorectal cancer
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Enzyme-linked immunosorbent assay (ELISA) for serum exosomal CEACAM1, CEA
and CEACAM6 is not common. We established a method to measure serum exosomal CEACAM1, CEA and
CEACAM6. In this study, we optimized a method of measuring serum exosomal molecules by ELISA and
volume-excluding polymers for exosome isolation. The sample concentration and a solvent for ELISA
were important to measure serum exosomal CEACAM1, CEA, and CEACAM6. The thawing temperature of
frozen serum before extraction modulates the value of serum exosomal CEA. The samples thawed at 25

exhibited a better AUC value, sensitivity, and specificity as well as more correct classification
than serum CEA. Serum exosomal CEACAM1 and CEACAM6 are also elevated in patients with distant
metastasis. An appropriate concentration of the exosome sample, the solvent for the exosomes, and
the thawing temperature of frozen serum before extraction enable accurate measurement of serum
exosomal CEA family.

exosome CEACAM1 CEA



CEACAM1
(carcinoembryonic antigen-related cell
adhesion molecule 1)

CEACAM1

Immunogloblin super family CEA
family
long isoform
(CEACAM1-L) short isoform

(CEACAN1-S)

beta3
integrin
CEACAM1
MCF10F  lumen
formation  CEACAM1
(Huang J et al: J Cell Sci 1999)
MCF7  CEACAM1-4S
lumen formation
apoptosis
(Kirshner J et al: PNAS 2003.)
(MCF7) CEACAM1
MCF7 humanized fat pad
(in vivo)

lumen formation
(Yokoyama S et al : Oncogene

2007)
CEACAM1
CEACAM1
(leda J,
Yokoyama S et al: Int J Cancer 2011)
CEACAM1
prototype

CEACAM1 lumen formation

(Tamura K, Yokoyama S et al: BMJ open
2011) CEACAM1
CEACAM1-S
CD44 ALDH

CEACAM1-L
beta2 spectrin
interaction smad3

CEACAM1
CEACAM1
full sequence  CEACAM1

40 100 nm
exosome

Exosome CEACAM1
full sequence
function
exosomal CEACAM1
CEA family CEACAM5 (CEA)

CEACAMG6

CEACAM1
(carcinoembryonic antigen-related cell
adhesion molecule 1)
CEACAM1
isoform balance

CEACAM1
ful
sequence CEACAM1
40 100 nm
exosome
exosome
2
exosome
CEACAM1
exosome
2 CEACAM1 CEA
family (CEACAM5, CEACAMG)
2
ml
10009, 10 , 4
250 1 eppenndol
tube -20
4 ,25 36 30
Exosome
63u 1

ExoQuick™ Exosome Precipitation
Solution (System Bioscience, Palo Alto,CA,

USA) 250p 1
30 15009, 30
, 4 exosome
pellet exosome pellet
MilliQ 1% bovine serum albumin
(BSA) CEA (human) ELISA kit

(abnova, Taipei city, Taiwan)  Human
CEACAM-1 DuoSet (R&D Systems, Minneapolis,
MN) Human CEACAM-6 DuoSet (R&D Systems,
Minneapolis, MN)

exosome EXOCET Exosome
Quantitation Kit (System Bioscience, Palo
Alto,CA, USA)

exosomal CEA




8
25 30
63u | ExoQuick™ Exosome Precipitation
Solution (System Bioscience, Palo Alto,CA,
USA) 250p 1
30 1500qg,

30 ,4
exosome pellet
exosome pellet 250p I (Ix) or 50
p 1 (Bx) MIlTiQ 250p 1 (Ix) or
50p 1 (5x) 1%BSA exosomal CEA

CEA (human) ELISA kit (abnova, Taipei
city, Taiwan)

exosomal CEA

4 , 25
36 30 63u 1
ExoQuick™ Exosome Precipitation Solution
(System Bioscience, Palo Alto,CA, USA)

250u 1 30
1500g, 30 ,
4 exosome
pellet exosome EXOCET

Exosome Quantitation Kit (System
Bioscience, Palo Alto,CA, USA)
exosomal CEA exosome
pellet 50p 1 1%BSA

CEA (human) ELISA kit (abnova, Taipei
city, Taiwan) exosomal CEA

exosomal CEA

32
4,
25 36 30 63
u I ExoQuick™ Exosome Precipitation
Solution (System Bioscience, Palo Alto,CA,
USA) 250p 1
30 1500qg,
30 ,4
exosome pellet exosomal CEA
exosome pellet 50p 1
1%BSA CEA (human) ELISA
kit (abnova, Taipei city, Taiwan)
exosomal CEA
25
exosomal CEA CEA
—Validation study—
100 68
25
63u I ExoQuick™ Exosome
Precipitation Solution (System Bioscience,

Palo Alto,CA, USA) 250 1
30
1500g, 30 , 4
exosome pellet
exosomal CEA exosome
pellet 50p 1 1%BSA

CEA (human) ELISA kit (abnova, Taipei

city, Taiwan) exosomal CEA
CEA

exosomal CEACAMs (CEACAM1  CEACAM6)

2
16
25 30
ExoQuick™ Exosome Precipitation
Solution (System Bioscience, Palo Alto,CA,

63u 1

USA) 250pu 1
30 1500qg,
30 ,4
exosome pellet exosome pellet
100 1 1% bovine serum albumin

(BSA) Human CEACAM-1 DuoSet (R&D
Systems, Minneapolis, MN) Human CEACAM-6
DuoSet (R&D Systems, Minneapolis, MN)

exosomal CEA  Accuracy  area under
the ROC curve ROC curve

cut point Sensitivity,
specificity correctly classified

STATA software
program ver. 13 (StataCorp, College
Station, TX, USA)

1. exosomal CEA

exosome pellet 250p I (Ix) or 50

p 1 (Bx) MilTiQ 250p 1 (Ix) or
50p 1 (5x) 1% bovine serum albumin (BSA)
4
250p 1 (Ix) MilliQ 8
exosomal CEA 5

50p 1 (5%) MilliQ

exosomal CEA 250u 1
(1x) 1%BSA 1 exosomal CEA
5 50u 1
(5x) 1%BSA exosomal CEA 5
2. exosome
exosomal CEA
4 , 25
36 30 exosome

exosomal CEA

3.
exosomal CEA
4 , 25
36 30
area under the ROC
curve 4 0.7276, 25 0.8654
36 0.8077 CEA

CEA areaunder the ROC



curve 0.7692 25
exosomal CEA
exosomal CEA CEA
cut
Sensitivity, specificity
correctly classified
25 exosomal CEA
cut point  2.29
Sensitivity 83.33 , specificity
96.15 correctly classified
93.75

point

4. 25
exosomal CEA CEA
—Validation study—
25 exosomal

CEA CEA 100

exosomal CEA  area under the ROC
0.8793 cut point  2.29
Sensitivity 76.92 ,

95.40 correctly
93.00 CEA

curve

specificity
classified

5.exosomal CEACAMs (CEACAM1  CEACAM6)

16
exosomal
Stage4
CEA family

exosomal CEACAM1
CEACAM6
exosome

10

1. Hotta T, Takifuji K, Yokoyama S, Matsuda
K, leda J, Watanabe T, Tamura K, Mitani Y,
Iwamoto H, Takei Y, Mizumoto Y, Tsumura A,
Deguchi M, Yamaue H. Horizontal rectal

transection using an endolinear stapler
for laparoscopic low anterior resection.
Tech Coloproctol. 2017 Apr;21(4):311-313.

2. Yokoyama S, Matsuda K, Watanabe T,
Mitani Y, leda J, lwamoto H, Hotta T,
Takifuji K, Yamaue H. Perineural Invasion
Is Associated with Poor Survival after
Preoperative Chemoradiation Therapy for
Advanced Lower Rectal Cancer. Dig Surg.
2017 Jan 19. doi: 10.1159/000453591. [Epub
ahead of print]

3. Matsuda K, Takifuji K, Hotta T, Yokoyama
S, leda J, lwamoto H, Tsumura A, Kitadani
J, Yamaue H. Laparoscopic
abdominoperineal resection with lateral
lymph node dissection for anorectal
melanoma: A case report. Asian J Endosc

Surg. 2016 Feb;9(1):65-7.

4. Yokoyama S, leda J, Yamamoto N,
Yamaguchi S, Mitani Y, Takeuchi A,
Takifuji K, Hotta T, Matsuda K, Watanabe
T, Shively JE, Yamaue H. P4H9-detected
molecule expression on spindle-shaped
fibroblasts indicates malignant phenotype
of colorectal cancer. Br J Cancer. 2015 Nov
17;113(10):1454-9.

5. Matsuda K, Hotta T, Takifuji K, Yokoyama
S, Oku Y, Watanabe T, Mitani Y, leda J,
Mizumoto Y, Yamaue H. Randomized clinical
trial of defaecatory function after
anterior resection for rectal cancer with
high versus low ligation of the inferior
mesenteric artery. Br J Surg. 2015
Apr;102(5):501-8.

6. Ojima T, Nakamori M, Nakamura M, Katsuda
M, lida T, Hayata K, Takifuji K, Hotta T,
Yokoyama S, Matsuda K, lwahashi M, Yamaue
H. Laparoscopic combined resection of
synchronous gastric and colorectal cancer.
Surg Laparosc Endosc Percutan Tech. 2015
Feb;25(1):43-6.

7. Matsuda K, Hotta T, Takifuji K, Yokoyama
S, Watanabe T, Mitani Y, leda J, Iwamoto
H, Mizumoto Y, Yamaue H. Clinical
characteristics of anastomotic leakage
after an anterior resection for rectal
cancer by assessing of the international
classification on anastomotic leakage.
Langenbecks Arch Surg. 2015
Feb;400(2):207-12.

8. Yamamoto N, Yokoyama S, leda J, Mitani
Y, Yamaguchi S, Takifuji K, Hotta T,
Matsuda K, Watanabe T, Shively JE, Yamaue
H. CEACAM1 and hollow spheroid formation
modulate the chemosensitivity of
colorectal cancer to 5-fluorouracil.
Cancer Chemother Pharmacol. 2015
Feb;75(2):421-30.

9. Hotta T, Takifuji K, Yokoyama S, Matsuda
K, Oku Y, Nasu T, Tamura K, leda J, Yamamoto
N, Iwamoto H, Yamaue H. The impact of a
pelvic pillow on learning how to perform
laparoscopic low anterior resection for
rectal cancer. Surg Laparosc Endosc
Percutan Tech. 2014 Jun;24(3):259-63.

10. Hotta T, Takifuji K, Yokoyama S,

Matsuda K, Oku Y, Nasu T, leda J, Yamamoto
N, Iwamoto H, Takei Y, Mizumoto Y, Yamaue
H. Impact of the post/preoperative serum




CEA ratio on the survival of patients with
rectal cancer. Surg Today. 2014
Nov;44(11):2106-15.

18

1.
: B2

integrin P4H9

75
2016.10.6
2.

Hollow spheroid. 27
2016.9.15

3.

I B 2integrin P4H9

P4H9-detected molecule
on fibroblasts indicates malignant
phenotype of color: 21

2016.9.2

4.Shozo Yokoyama, Akihiro Takeuchi, Junji
leda, Naoyuki Yamamoto, Yasuyuki Mitani,
Tsukasa Hotta, Kenji Matsuda, Takashi
Watanabe, Hiromitsu Iwamoto, John E.
Shively and Hiroki Yamaue. P4H9 detecting
molecule in respnse to CEACAM1 in
colorectal cancer. 26th Annual
International CEA Symposium 2016.8.15 Cor
, lreland

I B 2integrin P4H9

25
2016.7.21

6.Shozo Yokoyama, Naoyuki Yamamoto, Junji
leda, Yasuyuki Mitani, Akihiro Takeuchi,
Hiromitsu lwamoto, Katsunari Takifuji,
Tsukasa Hotta, Kenji Matsuda, Takashi
Watanabe, and Hiroki Yamaue. Cancer cell
cluster with Hollow spheroid formation
modulates chemosensitivity of colorectal
cancer cells -Three-Dimension culture
for evaluation of chemosensitivity-. 2016
ASCO Annual meeting 2016.6.3 Chicago, USA

7.

: CEACAM1
isoform balance
116

2016.4.15

8.Shozo Yokoyama, Junji leda, Naoyuki
Yamamoto, Yasuyuki Mitani, Katsunari
Takifuji, Tsukasa Hotta, Kenji Matsuda,
Takashi Watanabe, Hiromitsu lwamoto,
Masaaki Degichi, and Hiroki Yamaue.
Expression of P4H9 detecting molecule on
spindle shaped fibroblasts indicates
malignant phenotype of colorectal cancer.
2016 Gl Cancer Symposium 2016.1.23 San
Francisco, USA

9.

: CEACAM1
isoform balance Hollow spheroid
formaton 5FU
74 2015.10.9

10.Shozo Yokoyama, Naoyuki Yamamoto,
Akihiro Takeuchi, Junji leda, Yasuyuki
Mitani, Katsunari Takifuji, Tsukasa
Hotta, Kenji Matsuda, Takashi Watanabe,
John E. Shively and Hiroki Yamaue.
Carcinoembryonic antigen-related cell
adhesion molecule 1 and hollow spheroid
formation modulate chemosensitivity to
5-fluorouracil of colorectal cancer. 26th
Annual International CEA Symposium
2015.8.17 Washington, USA

11.

CEACAM1 . 24
2015.7.23

12.

. 70
2015.7.16

13.

19 2014.11.14

14.

Capecitabine
69
2014.7.17



15.

: CEACAM1 cytoplasmic domain

isoform

26 2014.6.12
16.
o 35

2014.5.23
17.
. 87
2014.5.15

18.
o CEACAM1
cytoplasmic domain isoform

114 2014.4.5

2
(http://www._wakayama-med.ac. jp/med/2nd-
surgery/)

o
(YOKOYAMA, SHOZO)
90398462

@
(HOTTA, TSUKASA)

50244744
(TAKIFUJI, KATSUNARI)
00254540

(MATSUDA, KENJI)
30398458

(YAMAUE, HIROKI)

20191190



