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Analysis of prognosis by quantitative analysis of
MY C protein expression using
multiplexed immunofluorescence
in diffuse large B-cell lymphoma.



—

<

e

o

-
E
H

2018 02 €



o
o
o,
1o
o
&
2
>~
>
&
o
r
o
o
ro,
FN
i

ARSI o] B % e
CRT R I

2
1>
ro,

AR

R = - A -

2018 02¢
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AT FHS Z BAHXE © X F (Diffuse large B-cell lymphoma, DLBCL) <= H] &%
2L HEZZ oA oF 40% S AFA 8k &3 A ot DLBCL 9] A& #+ A5
(R-CHOP; rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone) = <131
Aol ]3] Gk ©R o), AT o 40%e] BAps 2| ol WHeaA kL A A
Sk ol G BAE ol % W ok, A2 ARWS AL 9% Y AT
MYC ¥hul o] 983} DLBCL ©] 1122 of Fo}e] phed o] thd ma Hieh. el A
ATl A8 WGtz 2 A (IHC, immunohistochemistry)< MYC 23 7%=
Aol thsttt. o] 2 o]+ = cut-off value ol o) g 52}

2ol Atk olel @ EARE FHal7] 9l

Ag 2B 2007~2012 1 Abe], A gobrhg el A ek DLBCL $+21¢] st}
A o ® shaith o] &, R-CHOP ©] 2] 9] A 85 Wk gxjot A T54174
7l DLBCL 3+2}, TMA (tissue microarray) & A2t & = gl& 22 4ol =
192 o 2 TMA = Al 4sk3ith. TMA W G4 2 @A vhe} wpgo] 7hzt v g3 a4
= _;:‘_,L_X] ‘6‘]—04’ SRl A == 7@3]:7(4 o7 %-7(4 [ RS Opal E]’%f%%}?i /\ﬂlﬂé% o]
otk AHEE FA R TE AlEAA MYC S o] BE S #18H7] 98] CD20
SFMYC .2 Akt T3 W] SF A EQL T

CD3 M-S Aldstglt) o] k¥ &efo] =& Vectra slide scanner (PerkinElmer,
17AE A3 o mA] 24
322 71921 inForm™ Tissue Finder™ image analysis software (PerkinElmer, Waltham,
MA) 2 4% ¥ dlo] 8 ATk MYC o] Bg FE 52 dshe], AR 42
AT (04, 14, 2+, 3+). MYC &9 d e o) oF A A2 vl&of w2 a2 ot 7F
A E EA S Al &5 cut-off value & =E U TH E5 ¥ cut-off value & W5~ H] 1l 3}

AE S A A

o

Waltham, MA) 7} 20 nm +4 2.2 &3t 7+ o3 H
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A3} o] cut-off value S 1] 2l ¥4
A A ER]E-0] 60% ©]42l SR Ao A=

::J‘

, MYC Tkl of 27} 3+ o] ol m &F
o] AR frolatA e A=

(overall survival, OS) = X ST} (p = 0.04). 731 5 AEH (Event-free survival, EFS) ©]|
A= frolebA] ko o 7 VR A S BTk (P=0.091). 2= 3] 7] A 0= 9
FulE PR T AR, MYC SelEE o] ) 3+ ool n A M ] o]
60% ©]7&<1 gkt Jte] 0S 7} #olak Al Sl Eo] 2.4 v o™, EFS ol M &= &2
o] F-2l3HA 918 & 2w 2t} (0S, p=0.014; EFS, p=0.032). MYC T3 -3 o] 7} =

@!

Y

rUO

7} 3+ o] ol A A|AE 60% ©] S cut-off value = 247 S+ 3 internal validation =
Al sFRA T} 1 AT} A A S cut-off value 7| L o -5 o = S 4 )= FH Aol =

ZA37F AR = AT (p < 0.05).

AZ: 2 A A3 MYC @l d o] 77} 3+ o] 4 o] A A L H]E0] 60% ©] 4

2 A$-DLBCL 9| d|F5 714 & o5 & 4= AUt} o] 295 7o g FFAa A
A o] A=A 45 E 3 DLBCL ol A 9] MYC &3} o % 7ke] 315 o =5 o=
A& 39| cut-off value = A A S 5= Ut} S Al LA MYC o 2Hbgof o sfj A
ob#] o] &zl vp7} 3171 wjZ-oll DLBCL ol A #Hal = a1 9l MYC ©] HEjA 2]

g Apshel A@ol WA G BATL A Fehn o] dke ABWS A
S 1A A7 8 5 ATk =R ALE ol 8% AR A 1M E s A

o] & A ot}
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2} DLBCL BFAFS-9] B2 Bl BB it 5
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Opal B Z FEERFO] TP +veveieieiiii 15

TE v 2 Fde MYC G g o] el ek S akgk e 23
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. Opal TF T 33 QA1 HIH oo 10
Opal 83 vpgol tfal] A E BFo] H B @] e 12
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Diffuse large B-cell lymphoma (DLBCL) & B M| ¥ >~ F9] 3t FFolth U] 10t &+
< ol Wl X FEvpoll M= 7HE 3 AW o, Al F A A dhE =

AA A 30-40%5 AFAFHeE A= oHE B A o m o] F el S0 = Qlal 2008

G AAI A7) (WHO) oA 2e] A=A e o | 2352 DLBCL & &5 3

O, §-4 2 BE 2 23 ¥ (GEF, Gene-expression profiling) = &3f 2 7] 2] o}& o

»

2 5 4 Ak AA9] 45 - 50% germinal center B (GCB) A3 o] Y] =
activated B (ABC) Al O 2 L}y o}y BERe T4 7ol ©J A XE
Abste] sl 255 7FesHA P 71 A8

(cyclophosphamide, doxorubicin, vincristine, prednisone) ©. 2 A] &3} AT}, <+, CHOP
QW o A FAAQ rituximab = WO ZHN KT} =2 HAA| AYES o F 5 HO|
A Ho] ] EE k60 % AL 50 e o] A3 R-CHOP %] B9l ¥H-23}4)
k31, DLBCL & ©1al] Aol o] 2= 31217} ok 40% o] t}o),
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AR 1Y MYC 9] Ediol 2 Q19 24 e El= A APEALE 26
FokA H 3, A S BEste et 3 W oA o] Aol A Blolu) 54 WA ¢
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FFA Lol MYC T <]
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HAp7 v g- A0 (2" 1) MYC 23] AErE das A @7] el A S &
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1. t7d A 2 7 tissue microarray (TMA) | 2t

2007 FAH-E] 2012 Apojol] Aot FF el A DLBCL & e S2t5
ooz gk 1 5 YA F3217 4 DLBCL 342} R-CHOP ©] £ 9] X5 & v
2LE A 9] g A 9] hematoxylin 2} eosin G4 &E&fo] =
ol A=A At ERlo] ¥ 192 o] Fehd 22 EFoA Ex 120 T 4
74 1mm & AR E 3 7] AFH 3] TMA T8 S50 A TMA & S 3o, o

Zh Tk A AR = HY 71 Foll A AW, o], X5 W (treatment regimens),
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Ann Arbor stage, LDH (lactate dehydrogenase) level, COO (cell of origin), CNS relapse <}
= A)| o] 3~ 2] 5=(IP1, international prognosis score) 5 =t} 2} =4 7|7+ 2007 A
1 212E 20163 10 ARG B Q7 A LolbE 9] 1A BAAL 93 o) &

21 (2015-0720) = ®EkT),



3 1. ¥ DLBCL #4590 54 2 &7
All Patients
(n=192)

Characteristic No. %
Median age, years [range] 58 [20 - 82]

Age >60y 93 48.4
R-CHOP therapy 192 100
Gender

Male 104 54.2

Female 88 45.8
Survival

<5-y OS 107 55.7

<5-y EFS 114 59.4
Stage I1I-1V 116 60.4
Elevated LDH (> 250 IU/L) 91 47.4
IPI score of 3-5 76 39.6
CNS relapse 14 7.3
Cell of origin (COO)

No identified 12 6.3

GCB 53 32.7

Non-GCB 127 67.3

Abbreviations: OS, overall survival; EFS, event-free survival, LDH, lactate dehydrogenase;
IPI, international prognostic index; CNS, central nervous system; GCB, germinal center B-

cell
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A ASFAL tyramide 2F & EZAR P71 7] 98] MWT & Al It} TSA & tyramide 7}
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T A0S WP MWT & 3l | 5ol A o 2 vhg Hofl= 39 - A, A - &
A 7he] Agbo] AFA Al = a1, F-HA TS tyramide ©F 8 Fo] HA = o host ol
glol o o2 744 9] A E A4 & = Avk (L™ 2.). whebA 12} A o &5l w)
2} 2 2F A A o] Fo] FUd A Ao A Fol AHIAG A AFA A H= A
o] /W dE Tt} wlA| o & DAPI & ©|-&35to] 3ol counter staining = & 5, FF A
g FAAE o] &l 7AW Eefol=E Yol gt (L1 3)).

1L Aol A= DLBCL A2l A] MYC o] & == A =5 J=Fs}str] 918l 1 2k &)

2457 949

E
_Orﬂ
H

2+ CD20, MYC & At&dlom, H] UM XA T AXEE *

CD3 & %A vk (3 2).
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Target Location

Concentrate

Fluorophore

Anti-CD20

Anti-MYC

B-cell Membrane

Cytoplasm,
Tecell Membrane

MYC Nucleus

Opal 520
Opal 620
Opal 690




[ Step 1. Deparaffinization ]

| Step 2. Slide fixation in 10% NBF ]
[ Step 3. Antigen retrieval ]
Step 4. Blocking ——

Step 5. Primary antibody incubation

Repeat until all targets of

Step 6. HRP secondary antibody incubation (ijr?]’ffrestta_lr_gﬁi’iected, hUSian a
ifferen uorophore for
each one.
[ Step 7. TSA fluorophore incubation ]
[ Step 8. MWT for antigen retrieval ] o ___,__.,---*-"""

[ Step 9. Counterstain with DAPI and mount ]

719 3. Opal U S 333 34 W2

Abbreviations: NBF, neutral-buffered formalin; HRP, horseradish peroxidase
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3. Image 85
Vectra slide scanner (PerkinElmer, Waltham, MA) & 3}7-2] W97} 420 nm /| 4] 720 nm
ojm, Z 1+A L& 20 nm o|th. LB E FAG Aol vkt Aok @ Fe] A4 H
of Aol®= FF S FYste] B & 5 ATk ovAE A g EE 85 3 5y
F ghate] shrte] oj A = W=t

Vectra 3.0 software packages (PerkinElmer, Waltham, MA) <= 4 7}%] (DAPIL, OPAL 520,
OPAL 620, OPAL 690) ] B3 o= x| ¥ &efo|=9 G A~ EH 1go] Qg4
o2 THEA Far st Hojof dhvh. whebA 2z 3pte] oot g o] 4] o
Al G2 22 o] A7 F ol v v gfel B gle] S 50] Hojok gt o] # %k

-
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13 5. 270 ¥ TMA slide A A o] 1] %]
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Opal 520

Opal 690
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3 3. Opal &3 12

H
o3

Wavelength
Opal fluorephores Excitation Emission
Opal 520 494nm 525nm
Opal 620 588nm 616nm
Opal 690 676nm 694nm
Spectral DAPI 358nm 461nm
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4. Image 7 F £
F= ¥ oA E FA 279 inForm® Tissue Finder™ image analysis software

(PerkinElmer, Waltham, MA) & ©]-8 &} &3} vt (29 6.). A3} o] dol] 22 E

Aol S Ede]d st S A oF ghvt. A Ao 3 A4, Al Zte] T3k ¢
A6k A7) ARE AAGET (2™ 7-9). AlEe] FEjol i Az E o] Eold §,
CD20 3} CD3 = @ g5 A Aste] dargFs A4 (21 10). AdH darels

WE A T2 o] 9%, 91A vith wE H gYe] AE 5
o3}
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1% 7. 3 segmentation ©] V] %]
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1% 8. Al E 9} segmentation ©] 1] A
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1% 9. Al 2 segmentation ©] 7] %]
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1% 10. CD20, CD3 phenotyping
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Prepare images Find cells

19 11. inForm 43 E ¢ o]
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o ] MYC 9]

Z 4709 Ao ek (29 12). 2

A 23} ¥ DLBCL £ A

PN
T

m@

4 g}

Fo] 97l Ao 2 L}io] OS 9} EFS & &

2 0l§3

cut-off value

Els
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7} Aol MYC o) b o) W 9o} F3k gk

=5
N
i
At

9452 1}

MYC expression intensity Range Median
0 4-23.6 19
1+ 23.7-29.4 27.9
2+ 29.4-359 35
3+ 35.9-102.4 51.2
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Histogram of df$logMY C
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1% 12. MYC
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=2

5.MYC o) vt 73 o) oF A A E

.

MYC expression

Intensity Proportion(%)

0-30
1+ 30-60
60 -

0-30
2+ 30-60
60 -

0-30
3+ 30-60
60 -
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6. A £

Zolojolo] YET Mo R A YES A7te 3
A

oge =

A =3O 2= R version 3.2.2 (R Foundation for Statistical Computing, Vienna,

Austria) S AHE- 3T
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=L

1. 329 £4 4 4

s A AR £ Lo a9tk 192 ol & T HA A= 104 7
(54.2%) o™ o3 SFA}= 88 18 (45.8%) ol tt. H+f Lol = 58 Al (*H 91, 20-82 All) o] L
60 Al o] 2] 3hAb= 93 W (48.4%) ©]th. GCB ©}& ] 32k 53 W (32.7%) ©] ™, non-
GCB ©}& ¢] Sx}= 127 ¥ (67.3%) ©|th. 116 8 (60.4%) 2] $+AL7}F 7] 3-4 7] o] 43
v} 1E]al 76 ¥ (39.6%) o b= IPI A5 3-500 £3Th 91 (47.4%) o $A=
LDH 7} 250 IU/L ©]“/¢-©] 31, CNS (central nervous system) relapse 2+AF= 14 (7.3%) 5 ©]
o} 53 v gke] A AEE2 55.7%, 5 PINEe] B S AAEE2 59.4% o] th

2.0pal 5 Y FF FA ¢ 4

Opal th5 A 33 G2 192 712 24 M= TMA &3l A 33l v} DLBCL A ¥
A MYC e o] uke & &elaly] 98 CD20 3 MYC 2 F A 8haL, ] F %A E21 T A
ZE Asl7] € CD3 34 Tt 7 g o] e 2 o m| A 2 gl et (19 13). 3
1l oW A& HA A CD20 ¥ MYC ©] A0l Hd == T4 AXE 24 Ak (2
& 14.). o] = DAPI 9f MYC ©] #&-2 x| A YA = 2= DAPI = 39| 91X & 7ot
35 MYC & THoE BAS o),

DLBCL Aol A W= MYC o] F & AHEATE o] 4 7] 9] Jetst Aok 7}
g o] vt oFek 0+ 9 TIFEES 19 (4 —23.7) o)tk 1+ o] FHEEE 27.9 (23.6 —
29.4) o1, 2+ o] FHghS 35 (29.4 - 35.9) R a1, FH | A=t 7 A3 3+ o] F
7F3E2 51.2 (35.9 - 102.4) °] T} (3£ 4.).
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o Al MYC w9 g
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1% 14. DLBCL Al
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3.MYC @] &y FE ot FA AE 8]&9] AEste] FAF £4
735 045 A Q)3 14, 24, 3+ ol Tl&l A A E v &S A Eske bl s -4 gt
(% 5). 2% 19 H3k 3702 et F mycl.group3 2] OS 7} 7F= -nlolo] rx o] 2
I, ol 3HA] A o *7F U A &S BT (0S, p=0.41; 19 15.). EFS 9A] OS <}
o] o atA] A o T e F S BT (EFS, p=0.7; ZL9H 16.). OS ol o3 =
22 319] A9 A mycl.group3 7F 7 ol F7F U Aol o), BAH R
A] ¥9kT} (HR, 1.39, 95% CI, 0.05 — 3.9, p = 0.529; 3 6.). EFS ©f| tj 3l = 3] 7]
1 A3} A A] mycl.group3 7} ol F7F Y A ko] 9l o} FAIH R FoshA] &
HR, 1

.20, 95% CI, 0.52 - 2.8, p = 0.667; 3t 7.).
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OS between myc1.group

Strata =+ myci.group=1 == myci.group=2 == myc1.group=3

1.001
= 0.751 ..I:.:f.:... = .
m
E
o 0.50 1
E
g
0] 0.251
p=0.41
0.001
0 30 60 a0 120

I% 15. MYC &9 38 ZFET) 1+ o] o A MlE vl & Al E8HE ©] &30S 9
7}&-vlo]of 2%
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EFS between myc1 group

Strata =+ myci.group=1 == myci.group=2 == myc1.group=3

1.001

= 0.751
E
m
L3

e 0.501
E
=

0 0.251

p=07
0.001
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ABSTRACT

Introduction: A large B-cell lymphoma (DLBCL) is a common disease that accounts for
approximately 40% of non-Hodgkin's lymphomas. DLBCL has improved compared to the
past due to standard chemotherapy (r-CHOP; rituximab, cyclophosphamide, doxorubicin,
vincristine, and prednisone), but about 40% of patients still do not respond to treatment and
eventually die. Previous studies to predict and define these patients and to develop new
therapies have reported a number of associations between the expression of MYC protein
and the poor prognosis of DLBCL. However, immunohistochemistry (IHC) used in previous
studies has a variety of staining due to the diversity of MYC expression intensity. For this
reason, it is difficult to apply it to the diagnosis due to the inconsistency between the readers
and the cut-off value. In order to overcome these problems, it is required to carry out
quantitative analysis with an experimental technique and scientific basis that can objectively
quantify the intensity of expression. In this study, MYC protein expression cut-off value was
derived from DLBCL prognosis prediction by quantitative image analysis using multiplexed
immunofluorescence staining and statistical analysis combined with clinical indicators.
Methods: Between 2007 and 2012, paraffin tissues of DLBCL patients diagnosed at Asan
Medical Center in Seoul were studied. Of these, TMAs were made in 192 patients except for
patients who received treatment other than R-CHOP, DLBCL patients with primary central
nervous system, and small amounts of tissue that could not be used for TMA (tissue
microarray). TMA immunohistochemistry was performed by using Opal multiphoton
staining method, in which each antibody was labeled with a different fluorescent material
and quantitatively measured the fluorescence intensity. The antibody used was stained with
CD20 and MYC to confirm the expression of MYC protein in tumor cells. In addition, CD3
staining was performed for analysis except T cell, which is a non-tumor cell. The stained
slides were collected by a Vectra slide scanner (PerkinElmer, Waltham, Mass.) At 20 nm
intervals. Quantified data was obtained with inForm ™ Tissue Finder ™ image analysis
software (PerkinElmer, Waltham, Mass.). The expression intensity of MYC was divided by
the number of quartiles (0+, 1+, 2+, 3+). The cut-off value was calculated by performing
survival analysis between patient groups according to MYC protein expression intensity and

positive cell ratio. The resulting cut-off value was internally compared to confirm the
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reliability.

Results: Comparison of multiple cut-off values showed that overall survival (OS) was
statistically significantly worse in patients with MYC protein expression> 3+ and positive
cell ratio> 60% (p <= 0.04). There was no significant difference in event-free survival (EFS),
but the prognosis was poor (p = 0.091). Cox regression analysis was used to determine the
HR (hazard ratio). As a result, the OS of the patients with the intensity of MYC protein
expression of 3+ and the percentage of positive cells of 60% or more was significantly
higher than that of the control group (HR, 2.4, p = 0.032). The intensity of MYC protein
expression was over 3+, and more than 60% of positive cells were set as cut-off value and
internal validation was performed. As a result, we conclude that the proposed cut-off value is
the best predictor of poor prognosis (p <0.05).

Conclusions: In this study, the prognosis of DLBCL was best predicted when the intensity
of MYC protein expression was over 3+ and the proportion of positive cells was more than
60%. Based on these results, quantitative analysis of fluorescence immunohistochemistry
can be used to predict the relationship between MYC protein and prognosis in DLBCL as a
cut-off value. Since the overexpression of MYC in tumor cells has not been well known, it
may be a baseline study to study the pathophysiology of MYC overexpressed in DLBCL, to
predict patients who do not respond to the treatment and to suggest appropriate treatment
methods. It will also be a basis for developing new diagnostic techniques using Al.

Key words: Diffuse large B-cell lymphoma, MYC, Opal multiplexed immunofluorescence,

cut-off value, quantitative analysis
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