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An Ulirastructural Morphometric Study of Follicular
Center Lymphoeytes of the Palatine Tonsil
—Reinvestigation of the Lukes-Collins’ Classification of Malignant lymphoma—

Min-Cheol Lee, M.D, and Jong-Han Shin, M .,
D partment of Pathology, Chommnam University Medical School

The model of lymphocyte differentiation described for Lukes-Collins classification of non-
Hodgkin's lymphoma is related particularly to morphological alterations of nuclei of follicular
center lymphocytes by antigenic stimulation.

The authors carried out ultrastructural and morphometric studies to investigate morphological
alterations during lymphocyte transformation on the nuclear profiles of follicular center,
parafollicular and mantle zone lymphocytes in ten tonsillectomy cases of chronic hypertrophic
tonsillitis. The nuclear parameters measured included nuclear area, contour index, frequency in-
vagination and cleft, depth of invagination and nuclear diameters,

Follicular centers contained a mixed population of lymphocytes consisting of untransformed
(type 1), partially transformed (type 2) and fully transformed (type 3) lymphocytes. During lym-
phocyte transformation in both follicular, and parafollicular and mantle zones, the nuclei had a
gradual and progressive increase in size. The nuclear contour index of type 2 nuclei of both fol-
licular and parafollicular and mantle zones tended to be higher than those of type | and 3, indi-
cating a greater degree of irregularity and variability of nuclear profiles. Invaginated and cleaved
lymphocytes were not confined to the transformed lymphocytes, A considerable portion of lym-
phocytes had invaginations and clefts in parafollicular and mantle zone as well as follicular cen-
ter. No difference on the depth of invagination was noted in type 1, type 2 and type 3 lympho-
cytes. The results indicate that some promise of the Lukes-Collins conepts of follicular center
cells and the process of lymphocyte transformation in follicular centers may be necessary to re-
vise. Korean J Pathol 1994: 28: 493~ 505)

Key Words: Lymphocyte transformation, Follicular center, Ultrastructural and morphometric
studies
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Fig. 1. Reactive follicular hyperplasia of tonsillar lympheid tissue.

Fig. 2. Follicular center(FC), parafollicular arcalFF) and mantle zone(d 7). ¢ Epon, Toluidine bluae, =10K)

Fig, 3. Follicular center lymphocytes have three forms of nuclear profiles; smail, untransfamered(tvpe 1), par-
tially transformed(type 2} and fully translormed(type 3) l¥mphecytes. The nucle] have (nvaginationsizin-
gle arraw) or clefre(double arrew), (= G00)

Kontron, Germany)®] TV camera®t analog-dig-
4. HEefH| Sy A
A =4 ital converter® Sabed 256702 3 ¥(greyv level)
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Fig. A.Measurement of nuclear diameter (ND) and
nuclear invagination depth (1D).
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Table 1. Mean nuclear profile areas (pm*+5D) and numbers (proportion, %) of lymphocy nuclear morphotypes

in different areas of tonsil

Nuclear Case
El;;:w;wpe 1 2 3 4 5 3 7 8 g 10 mean( gmf)
+5D
Follicular center
Type | 366 36.2 358 36.8 36.9 369 36.4 334 35.0 a5.4 355
9.4 +45 +67 £115 =106 *155 =*156 04 48 +7.8 0.7
Mo, (%) 47(47)  32(27)  3L1(28) 2W2T)  27(14) 200100 92(39)  43(30) T(5)  46(200 372(24)
Type 2 454 48.7 46.1 497 462 430 45.9 435 406 522 46.5
+178 %138 £123 =153 =*£125 £153 £139 123 +128 +144 58
N oo, (%) 36136)  B1(52) 5L(47) 45(45) BO(46) 82(41) 108(46) 54(38) 98(69) 117(50) 741(47)
Type 3 Bl.3 62.6 71.3 62.0 68.7 67.0 70.9 1.0 65.9 74.4 66.5
146 120 X147 %166 228 +£184 £214 191 192 +212 =67
No (%) L7y 25(21)  27(25)  ZBIZB) 77(40) 96(45) 36(15) 46(32) 37(26) 71(30) 450(20)
Taotal No, 100 118 109 100 193 198 235 143 142 234 1572
Mantle zone and parafollicular area
Type 1 345 377 37.3 364 34.7 335 31.1 3ls 328 A6 341
*119 £99 +30 +8.0 +6.5 7.1 +5.7 +5.0 +59 =74 45
Mo (%) 8o(70) 50(70) 5O(TE) Z5(42) 44(64) 7T3(T9) 41(66) 43(46) 45(36) 32(59) 497(64)
Type 2 421 434 499 36.2 378 435 36.9 437 42.6 46.3 42 2
=107 96  £]155  tE4 t6.6 7.0 +7.49 =98 *150 +485 +6.5
Na. (%) 30025)  16{23) 150200 24(41) 21(30) 16(17) 12(18) 44(47) 21(26) 15(31) 214(28)
Type 3 62.0 652 a7.2 BT.7 548 747 63.6 67.1 87.3 723 5.5
+187 X208 14 £110 +86 *145 £229 +£165 +£223 105 117
No. (%) 6(5) ST 2(3) 1{17) 4(6) 3(3) 8i15) 6(7) 14(18)  B2(10)  64(8)
Total No, 121 71 76 54 6o 92 62 93 B0 29 775
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Fig. 4. The majority of type 2 lymphocytes are located in the central region of follicular center(FC). { x600)
Fig. 5. Type 3 lymphocytes are present at the periphery of follicular center{FC) and type | lymphocytes are lo-

cated mainly in mantle zone(M Z). { =600}

— 497 —



~c ghed 2] whE =] oA 28 A5 E 1904

8 &8 B
T T T

“HIHI
o 3 II:E-D a0

g n
iy [
I 1
ol 1 -
B gpeo

MUCLEAR PROFILE AREA(gar)
=

[ ]
[
T

—
[
i

1 1 1 I I |
0TFc1 MP1 FCZ  MPZ FC3  MP3
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Fig. 6. Mean nuclear profile areas. Each point repre-
sents the mean value of morphometric meas-
urements of lvmphocyte nuclei in selected re-
gions of 10 cases of tonsil. FCI, FCZ and FC3
represent morphotypes 1, 2 and 3 lymphocytic
nuclei in follicular center, respectively; MFPIL,
MP2 and MP3 represent morphotypes 1, 2 and
3 lymphoeytic nuclei in mantle zone and
parafollicular area, respectively.
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Fig. 7. Frequency distribution of nuclear profile areas
of lymphocytes in follicular center, mantle
zone and parafollicular area in Case 7.
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Table 2. Ratio of mean profile nuclea areas of type 2 and 3 1y mphwytés to type | lymphocytes in different areas

of tonsil
e — ———————— —
Nuclear Case MEAN
morphotype 2 3 4 A 6 7 8 9 0
Fallicular center
Typel 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Type 2 13 1.4 1.3 1.4 1.3 1.2 1.3 1.3 12 15 14
Type 3 1.7 1.7 20 1.7 1.9 1.8 20 1.8 149 21 149
Mantle zone and parafollicular area
Type 1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Type 2 1.0 1.2 1.3 1.0 1.1 1.3 1.2 14 1.4 1.5 1.2
Tyvpe 3 1.1 1.7 1.5 1.6 16 2.2 21 2.1 2.7 23 1.9
4 8 J0
« Follicular center
)\ e Mantle zone and
46 . @ 25 paratollicular area
- [u] -
4.4 vase bl oo 20
_ i
[ Ll L [= =] Lald] (4 Ll
z 2
4.2 - (e 1] [l . L= =] Ll Les = 15 &
e P u) ke d] ] [alsd 0 |
41:} b~ . faTaee] oo 10
[ r]
38h 0 [ 5
| WA
Ihn-“
2.6 | | | ! | ! 0 | ﬁpﬂg:_ﬂn_'f‘ﬂ
FC1 MP1 FC2 MP2 FC3I MP 3842 46 50 54 58 62 66 7074

cytes in tonsil. FCl, FC2 and FC3 represent
morphotypes 1, 2 and 3 lymphocyte nuclei in

MUCLEAR MORPHOTYPE
Fig. 8. Mean nuclear contour indices(N CI) of lympho- Fig. 9. Frequency distribution of nuclear contour in-

MUCLEAR CONTOUR INDEX

dices of lymphocytes in follicular center, man-
tle zone and parafollicular area in Case 7.

follicular center respectively; MP1, MP2 and
MP3 represent morphotypes 1, 2, and 3 lym-
phocyte nuclei in mantle zone and parafolli- 2] #gle] Bat=ledct Typel, type 2, type 3 2=
cular area, respectively.

T2 WEEsE g9le vdo] Foldzm #iele A
A de 57.4% < Table 5). 794 2z =T
ol -E-g ¥ oJZF AN+ type 1, type 2, type

7+ 3 43.8%, 66.2%, 67.6%2 HelE v oE 3 =27 Za 21%, T4%, 75%, A58 o «2
¥ o9 o T FHRol e zhatb 40.8%, 54.4%, 61.5% T el 2z 3.4%, 4.2%, 0% 2 &g =4
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Table 3. Mean nuclear contour indices{ £5D) of lymphecytes in different areas of tonsil

N uclear Case MEAN
morphotype 2 3 4 5 6 7 8 g 10 5D

Follicular center

Typel 4.3 4.2 4.2 4.3 42 4.0 4.1 4.3 4.2 4.1 418
+0.3 02 +0.2 +03 *0.3 0.2 0.3 04 +02 02 03
Type 2 4.4 4.4 4.6 4.2 3.4 42 4.3 4.5 4.4 4.2 4.36
+0.4 02 =03 +03 +04 +12 0.4 0.3 0.4 +0.3 +0.4
Type 3 4.5 46 44 42 4.4 41 4.2 43 43 4.3 4.30

05 +03 *+0Z +0.4 £05 =02 0.4 04 +03 *+0.3 104

Mantle zone and parafollicular area

Type 1 42 41 42 40 4.0 42 3.9 40 41 40 407
+04 +03 *04 £01 02 £02 01  *02  +02  +01 02

Type 2 43 41 46 43 41 43 45 4.2 4.2 4l 427
404 02 407 +08 +02 04 +03 03  £03 +03  +04

Type 3 4.4 44 41 42 40 43 44 41 12 40 47
+04 +07 402 £02 401  £04 +03 02  £05 +02 103

Table 4. Ratio of mean nuclear contour indices of type 2 and 3 lymphocytes to type 1 in different areas of tonsil

Case
Muclear ME AN
morphotype 2 3 4 5 6 7 8 g 10
Follicular center
Type 1 1.00 1.00 1.00 1.00 1.00 1.00 1.0 L.00 1.00 1.00 1.00
Type 2 1.02 1.05 1.10 0.98 1.05 1.05 1.05 1.05 1.07 1.02 1.04
Type 3 1.05 1.02 1.05 0.08 1.05 1.03 1.02 1.00 1.05 1.05 1.03
Mantle zone and parafollicular area
Twvpel 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Type 2 1.02 1.00 1.10 1.08 1.03 1.02 1.15 1.05 1.02 1.03 105
Type 3 1.05 1.07 0,98 1.05 1.00 1.02 1.13 1.03 1.02 1.00 1.04

%2 4.9%%=HTable 6).
4, Heglel ol i} &

3 4hile Aol AxXFAI T W7 111 pm, g | EF P=F LR FH4E gz A
fEY o JEZFHLE WFE 090 gmE o] EF A e 285 sl YAy ﬂd:ll':"]' Al 25 gl
H o 5L 435 vyon JddHes typel HE ck, Abott5¥3 Crocker3"¢ dlZ=g] g =H 4
T2 48 e} type 2 FEFolMic bk o] dlviaxg FAdle] JPZFE FFI F B0
#la e o F3A07 556 um, HES W o £ Aol 23k e} vlmgh 7ol HefA Sy ay
oM 551 pmE v|EEE ), of ogt B5r & M) AHYE Lecoan g

ez Ao ot glel 2lels] v E 2w o EFANY gl Marchevsky'™& v &2 fJ=2FE& *IIE‘EF]
7 #F 02012003, “WEE 9 JEFHNEA BT 1':“.:]: el Al A elel e wHEgo B g
0180048 25k Table 7). g o|f3le] HFFlgew FEdv|se] gk
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Table 5. Proportion of lymphocyte with nuclear profile invaginations to total lymphocytes in follicular center,
mantle zone and parafollicular area in different areas of tonsil

_— nﬁ%
FPercent nuclear profile invagination(%)
c Follicular center Mantle zone and parafollicular area
da5e
Typel Type 2 Tvpe 3 Typel Type 2 Type 3

| 745 722 765 388 50,0 66.7

2 — 593 a7.l 36.0 125 800

3 = 50.0 60.0 441 733 100.0

4 440 a97.1 62.5 480 33z 400

5 40.7 899 5.8 - - 20.0

B 40.0 65.9 781 30.1 56.3 -

7 - 7549 o7l 659 75.0 55,6

g 233 72.2 63.0 41 9 61.4 833

g 429 64.3 or3 378 B7.1 429

1] - 04.6 718 2T 8 63.6 -

Meant5D 4381169 66.2+11.3 G676L124 408£113 544+188 Bl 51242

Table 6. Proportion of lymphecyte with nuclear profile cleavages to total lymphocytes in follicular center, man-
tle zone and parafollicular area in different areas of tonsil

Percent nuclear profile invagination{%)

Fallicular center

Mantle zone and parafollicular area

Case
Typel Type 2 Type 3 Type | Type 2 Type 3
1 21 11.1 0.0 4.7 10.0 0.0
2 - 0.3 0.0 4,0 0.0 0.0
3 — 0.0 0.0 L.7 6.7 0.0
4 2.2 95 125 4.0 4.2 0.0
2 0.0 1.1 39 - - 0.0
B 0.0 6.1 146 1.4 6.3 -
7 — 13.0 29 0.0 0.0 0.0
g 7.0 a7 2.2 47 91 0.0
O 0.0 0.6 189 00 0.0 0.0
10 - 55 11.3 5.6 0.0 -
Mean+5D 2132 741472 7.5%71 34x21 42140 0.0+00

Az ge] Febn vandsch o vExz Y=
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of e edgl ofdal dejs o] 3s] o)
type 1, type 2 % type 3 =78 £ F3Ho type
I J=27§ #W¥sa ¢L(untransformed) &=,

type 2 ®EFE Fisoz  wds(partially
transformed) 3= type 3 R =TF szl 3y
5 (fully transformed) s =Z-te} dlgct o 5ol o
2 4 A4 PEFE type ]l =Y type
2 JlZ7F AA type 3 =72 IS e
o} =4 type 1, type 2, type 3 fE2FE o & 5o
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i Bastacl, Dardicks™e =% B d22) &3
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Table 7. Relationship of mean nuclear invagination depth (ID, #m) to mean nuclear diameter (ND, wrn) of lym-

phocytes in tonsil

—————

Faollicular center

——————————

Mantle zone and parafollicular area

MNuclear
Case
morphotype ID ND ID/MND ID ND [D/ND
1 Typel 077 4.50 0.1%8 079 4,84 018
Type 2 0.98 507 0.20 1.34 587 (.26
Type 3 0.B6 5.63 0.15 1.08 6.04 019
2 Type 1 - - - 0.91 4,37 0.22
Type 2 0.85 5.32 018 0.74 5.10 015
Type 3 102 6.81 0.15 0.77 723 024
3 Type 1l - - - 067 4.60 015
Type 2 1.08 508 018 1.05 470 022
Type 3 1.59 6.75 0.24 0.88 5.90 015
4 Type 1 1.24 443 0.28 0.80 477 018
Type 2 110 546 0.2l 0.80 414 0.22
Type 3 1.24 6.28 019 0.82 582 014
5] Type | 098 542 018 — - —
Type 2 097 54l 0.23 - — —
Type 3 1.34 f.45 0.21 0.78 6.76 012
6 Tyvpe 1 (0.85 518 0Ly 0,62 4.84 013
Tvpe 2 1.08 5.58 0.20 1.01 494 0.20
Type 3 1.45 6.14 024 - - -
7 Typel - - - 0,66 474 014
Type 2 .40 553 0.25 0.65 5.39 0.17
Type 3 1.45 5.0 0.21 0.70 6.74 010
8 Typel 1.17 4,82 0.23 (.89 4.49 0.20
Type 2 (.85 4.94 018 1.10 552 0.22
Type 3 1.10 6.28 017 1.01 6.30 016
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