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Introduction 
The l i terature  sur rounding  the field of test icular  tumors  has concerned itself 

pr imari ly  with the perplexing problem of histogenesis and  classification of these 
neoplasms. This paper  explores another  aspect of the field, namely,  the possible 
relat ionships between the ma l ignan t  and  non -ma l ignan t  areas of the testis as 
s tudied histologically. Two questions in  par t icular  served from the beginning to 
direct the lines of inqu i ry  : 1. can the endocrine or hormonal  ac t iv i ty  of a par t icular  
t umor  be assayed from the histological picture of the remaining  in tac t  t issue; 
2. can something be learned about  the s imul taneous  occurrence, more f requent ly  
t han  chance would allow, of t e ra toma and  scminoma in  the same testicle (14% of 

all test icular  neoplasms in  Col, Ln; and  PuGI~'S recent  series of 995 cases). 

Material and Methods 
Material consisted of 30 testes resected unilaterally because of malignant tumor, to which 

could be added complete autopsy material in 7 instances. In 5 of the cases (3 trophoblastic 
teratomas and 2 seminomas) the tumor had completely replaced the ipsilateral testis, so that 
intact tissue could be examined only from the contralateral testis. In the 25 other cases intact 
tissue could be identified and examined in the same testis containing the tumor. Specimens 
were embedded in paraffin, cut at a thickness of 6/4 and stained with hematoxylin-eosin, 
van Gieson, and periodic acid-Schiff. 

The tumor itself was first classified and the remaining intact testicular tissue was then 
evaluated along the following parameters: quantity and quality of the Leydig cells and their 
degree of dispersal, preservation of spermatogenesis, thickness of the lamina propria, tubular 
diameter and presence or absence of atypical germ cells. Age of the patient and clinical 
evaluation of the endocrine activity of the tumor (if known) were recorded. 

Tumor elassi/ication. The classification system of COLLI~S and PVGn is used because it 
sharply distinguishes the different histogeneses of seminoma and teratoma and because it 
precisely describes the differential histologic diagnosis of the various subgroups of teratoma. 
Semlnoma as classically described (C~EvAssv) is not further subdivided, although one 
case exhibited the typical picture of spermatocytic seminoma (MAssoN). In none of the para- 
meters studied did this one case differ from the others. Malignant teratoma is subdivided into 

malignant teratoma intermediate A (MTIA: some differentiated or organoid components), 
malignant teratoma intermediate B (MTIB: no organoid components but recognizable 

layering of epithelial cells), 
malignant teratoma anaplastic (MTA: no tissue differentiation), and 
malignant teratoma trophoblastic, strictly defined (MTT: syncytiotrophoblast plus cyto- 

trophoblast plus definite villi). 
The category teratoma differentiated (TD: no malignant elements) is not represented 

in our material. Combined tumors are classified as seminoma with the corresponding tera- 
toma diagnosis. Other types of testicular neoplasms are not included in this study. 

�9 Supported by a grant (5 T5-GM-51-04) from the United States t)ublic Health Service 
and the 1LIarvard Medical School, Boston, Massachusetts. 
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Spermatogenesis. The degree of tubular alteration is evaluated as follows: 0 = tubules 
completely hyMinized. 1 -- Sertoli cells only. 2 -- Sertoli cells plus spermatogonia. 3 = Sertoli 
cells plus spermatogonia plus primary and/or secondary spermatocytes. 4 = complete spermato- 
genesis with spermatids in normal or slightly reduced number. 

Leydig cells. The appraisal of Leydig cell hyperplasia is entered into one of five descriptive 
categories : 

Leydig cells Leydig cells/tubule 

O-- 1 -- absent or subnormal . . . . . . . . . . . . . . . . . . . .  
2 = normal . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 = supernormal . . . . . . . . . . . . . . . . . . . . . . .  
4 -  very distinctly increased, in part forming continuous bands 

between tubules . . . . . . . . . . . . . . . . . . . . . .  
5 -  tending to compress or obliterate the tubules by forming con- 

tinuous bands between practically all of them . . . . . . . . .  

0--5 
5--10 

10--20 

20--40 

40--120 

These categories are made broad enough so that appraisals become reproducible. The 
number of Leydig cells per tubule is then determined by actual counting by the method 
of SARCE~T and McDonALD to eliminate subjective error due to tubular shrinkage with 
relative compression of interstitial tissue. Although a purely numerical appraisal may be 
superior for controlled animal experiments, it could not be solely relied on in a study such as 
this where the material is of variable quality and the pathological processes and reactive 
changes may be very focal in nature. 

The cases are compared with a control group of accident victims in the same age range 
as the tumor cases ; the quantitative measurement of Leydig cells per tubule in these cases 
agrees with the value of SARGENT and MCDONALD. 

Results 

The results are presented in Tables 1--3.  The par t i t ion  of the various tumor  
types as well as the average ages correspond closely to COLL~ and  PUGIt'S large 
series. I n  the cases of combined tumors  the t e ra tomatous  e lement  is always the 
p redominan t  one, the seminomatous  e lement  ranging from a microscopic focus 
to 1 cm in diameter  at  the greatest.  For  this reason these cases are included in  the 
comparison of the different grades of tera toma.  

Semini/erous tubules and interstitial tissue: I n  comparing the remaining  tumor-  
free tissue seen with seminoma,  t e ra toma and  combined tumor  (Table 1), the 
only  significant difference seems to be tha t  spermatogenesis is ra ther  bet ter  
preserved with seminoma,  or perhaps more accurately,  ra ther  more damaged 
with tera toma.  The average values for Leydig cell hyperplasia surpris ingly do 
not  differ among the three groups, a l though the values for the individual  eases 
t end  toward the extremes in  te ra toma and  center more a round the mean  in  
seminoma.  

I n  comparing the tumor-free test ieular  tissue seen with the different histologie 
grades of t e ra toma (Table 2), we f ind the t rophoblast ie  tera tomas to be clearly 
different from the other three categories. Germinal  cells, either typical  or atypical ,  
are completely absent  in  all four cases of t rophoblast ie  teratoma,  and  only Sertoli 
cells persist. The tubu la r  d iameter  is consequent ly  decreased, while the lamina  
propria becomes somewhat  thickened. Leydig cell hyperplasia  is very str iking 
in all four cases (Fig. 1), a typical  Leydig cells with slightly polymorph nuclei  

Virchows Arch. path. Anat., Bd. 340 6b 
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Table 1. Comparison o/remaining intact tissue seen with seminoma, teratoma, and combined tumor 

Tumor type 

Terat0ma 
Combined 
Teratoma and 
Seminoma 
S e m i n o m ~  

Number I Av- 

of I erage cases age 

[ 12 31 

6 27 

12 40 

Leydig cell hyperplasia a 

inter- 
subjective polated 
appraisal into 

LC/tubule 

2.6 16 

2.8 18 

2.6 16 

Appraisal I  verage  of width of 
spermato- lamina [ tubular [ 

1.8 I1 ~ 

2.2 n [ u0 I 
2.8 13 [ 115 ] 

Fraction of 
cases with 

atypical 
germ cells 

7/12 

5/6 

9/12 
a "Subjective appraisal" is an average of the values for hyperplasia rated on a scale of 

0--5. This is translated into Leydig cells per tubule, using a scale constructed by actually 
counting the Leydig cells in cases falling into each of the scale ratings. 

D Average of the values for spermatogenesis rated on a scale of 0 (tubules completely 
hyalinized) to 4 (normal). See under Methods. 

Fig. 1. Pronounced Leydig cell hyperplasia and disappearance of spermatogenesis seen with malignant teratoma 
trophoblastic. The Leydig cells exhibit some atypical forms. The lamina propria ist thickened and only Sertoli 

cells remain inside the tubule (26 year old male, BW 6471/64, PAS, 150 • ) 

being encountered in one ease. The degree of nodularity of the Leydig cell hyper- 
plasia is found to parallel closely the quanti tat ive estimate in all instances and 
hence is found in its most striking form in the cases of trophoblastie teratoma. The 
quality of the Leydig cells is, except for the one case with atypica]ity, very similar 
in all of the material  studied, corresponding to the "B"  and "C" cells of S~IFF~N, 
medium or large sized cells containing fine granules and/or vacuoles and assumed 
to be the active androgen producers. Small fusiform immature cells representing 
transitional forms from perivaseular fibroblasts are occasionally found if sought 
after, but  owing to the youthful ages of the patients heavily pigmented or involu- 
tional forms are not encountered. 
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Table 2. Comparison o/remaining intact tissue seen with the di//erent histologic grades o/teratoma 

TuI~lor 
type z 

Number 
of 

cases 

Average 
age 

MTT 4 
MTA 2 

MTIB 3 
MTIA 9 

29 
30 
31 
29 

Lcydig cell hyperplasia ~ 
Appraisal 

inter- of 
subjective polatcd spermato- 
appraisal into genesis b 

LC/tubule 

4.5 1.0 
2.5 3.5 
2.5 2.0 

2.6 

Average ] 
width ol Average 
lamina tubular 
propria diameter 

11 I 110 
9 I 100 

:Fraction of 
cases with 
atypical 

germ cells 

0/~ 
2/2 
2/3 
S/9 

a ,, Subjective appraisal" is an average ol the values for hyperplasia rated on a scale of 
0--5. This is translated into Leydig cells per tubule, using a scale constructed by actually 
counting the Leydig cells in cases falling into each of the scale ratings. 

b Average of the values for spermatogenesis rated on a scale of 0 (tubules completely 
hyalinized) to 4 (normal). See under Methods. 

c MTT=malignant  teratoma trophoblastic, MTA=malignant  teratoma anaplastic, 
M T I B -  malignant teratoma intermediate, less differentiated, MTIA ~ malignant teratoma 
intermediate, more differentiated. For exact histologic criteria, see under Methods. 

Table 3. Comparison o/remaining intact tissue in 10 cases o/teratoma evaluated clinically as to 
endocrine activity (Aschheim-Zondek test, gynecomastia 

Leydi____~g cell hyperplasi ] ~ ] 
Number inter- [ Appraisal Average Fraction of of Average of ] width of Average 

age subjective polated ] spermato- [ lamin.a tubular [ cases with atypical 
cases appraisal into [ gcncsisb [ pr~ germ cells 

LC/tubule [ ______A__z___ 
Active 6 ~,8 3.5 2.0 11 110 2/6 

XTon" 4 29 2.2 12 I 2.5 10 140 [ 4/4 
active 

a ,, Subjective appraisal" is an average of the values for hyperplasia rated on a scale of 
0--5. This is translated into Leydig cells per tubule, using a scale constructed by actually 
counting the Leydig cells in cases falling into each of the scale ratings. 

b Average of the values for spermatogenesis rated on a scale of 0 (tubules completely 
hyalinized) to 4 (normal). See under Methods. 

The differences among the anaplast ie  and  in termedia te  forms of t e ra toma are 
no t  as dis t inct  as in  the case of t rophoblast ic  t e ra toma and  no fur ther  conclusions 
will be drawn from the data  available here, Wi th  inves t igat ion of more mater ia l  
along the same parameters ,  however, we might  expect to f ind the most  differen- 
t ia ted  of the tumors  s tanding at  the opposite end of a spect rum from the tropho- 
blastic tumors.  

I n  comparing endocrine active and  endocrine non-act ive  cases of tera toma,  
Table  3 largely reflects the results of the preceding one, in  t ha t  three of the six 
endocrine-act ive tumors  are MTT. Of the other three, one is MTA, one MTIB and  
one MTIA.  All four of the endocrine non-act ive  tumors  are MTIA. 

Atyp ica l  germ cells: I n t r a t u b u l a r  foci of al tered germ cells with regular hyper- 
chromatic  nuclei  and  a b u n d a n t  optical ly clear cytoplasm are observed in  approxi- 
mate ly  3/4 of all cases of in te rmedia te  and  anaplast ic  te ra tomas  and  of seminoma 
(Fig. 2). I n  contras t  they  are absent  in  all four eases of t rophoblast ie  tera toma.  
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:Fig. 2. Atypical  germ cells in a ease of mal ignant  teratolna intermediate A, s i t t ing  for the most  par t  in a single row 
on the basement  membrane.  A few Sertoli cell nuclei are seen squeezed toward the lmnen (28 year old male, 

B W  5833/62, PAS, 150 • ) 

:Fig. 3. A small focus of seminoma wi th  a pr imary mal ignant  tera toma anapIa~ic.  The tubules contain mainly  
Sertoli ceils. Seminoma has inf i l t ra ted bu t  not  yet  disrupted the in ters t i t imn (23 year old male, 

BW 8052/64, HE, 150 • ) 

W h a t  a p p e a r e d  to  be t r ans i t iona l  forms be tween such cells and  typ ica l  seminoma 
are no ted  in two of the  six eases of combined  t u m o r  (Fig. 3). 
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Examina t ion  of three cases of MTIA where intact  tissue was available from 
both the ipsilateral tumor-conta in ing testis and the contralateral  non-involved 
one reveals the presence of foci of these atypical  germ cells in all three ipsilateral 
testes and their absence in all three contralateral  testes. The state of endocrine 
act ivi ty  of these three tumors  is not  known. Except  for tumor  compression of the 
tubules and some disruption of spermatogenesis no other  differences are observed 
between the ipsilaterat and eontralateral  testes. 

Discussion 

Semini/erous tubules and interstitial tissue: The results here seem straightfor- 
ward. The annihilation of spermatogenesis, the shrinkage of the tubules, and the 
massive degree of Leydig cells hyperplasia observed in all four cases of mal ignant  
te ra toma trophoblastic correspond presumably  to a relatively enormous synthesis 
of gonadotrophic  hormone by  these tumors.  Such effects of chorionic gonado- 
t rophin in adult  men have been described by  MADDOC~ and NELSOn. That  much 
more modest  changes are observed in cases of seminoma and in the other  three 
categories of t e ra toma reflects presumably  a much more modest  product ion of 
hormone.  We are led to expect t ha t  examinat ion of additional and more optimal 
material  would enable finer distinctions to be made among the lat ter  categories. 

Atypical germ cells: Changes in the germinal cells in the immediate  vicinity of 
a t e ra toma have been recorded and described by  numerous authors (B~,L; PEu 
I~oN; *CON ALBERTINI ; BASZnR ; SCH~YDS~ ; AZZOPARDI et al.). I n  connection with 
these reports we have adopted the following criteria for defining the presence of 
these atypical  cells: 

1. Cells lying in a continuous row (or more than one row) on the basement membrane with 
no Sertoli cells intervening. 

2. Sertoli cells being forced toward the lumen, so that the lumen may be occluded by the 
Sertoli cells or by the atypical germ cells themselves. 

3. Nuclei regular, condensed and hyperchromatic. 
4. Cytoplasm clear and relatively abundant. 
5. Distinct cell membrane visible rather than just indistinct strands of cytoplasm. 
6. No higher developmental stages of spermatogenesis present in the particular tubule. 

P~u  est imated the frequency of independent  foci of such atypical  germ 
cells with testieular te ra tomas as between 5 and 10%. SC~NYDER found "reakt ive 
Seminome" in compressed and atrophic testieular parenehyma in 7 of 21 cases 
of teratoma.  AZZOPARDI et al. found these atypical  cells in relation to a well defined 
fibrous sear in the testes in 13 of 17 eases of widespread ehoriocarcinoma, and in 
addit ion 4 of the testes contained microscopic foei of definite seminoma. Vow 
ALBEnTIM interpreted these cells to be atypical  a t tempts  at  regeneration conse- 
quent  to a pressure a t rophy  due to an already existing t e ra toma and producing at  
times the picture of a localized tumor.  BELL, BA~ZnR and SCHNYDEI~ all described 
transit ion zones into the mal ignant  cells of multiple seminoma nodules located peri- 
pheral to a p r imary  teratoma.  The proposit ion thus natural ly  arises tha t  these aty- 
pical germ cells represent an intermediate  step in a mechanism which can account  
for the relatively frequent  simultaneous occurrence of two such rare tumors,  mutu-  
ally coexistent ye t  rarely intermingling, the te ra tomatous  element being pr imary  
and usually larger, the seminomatous element being secondary and much smaller. 
Two of the six eases of combined tumors  in our material  did seem to show such 



90 G.J.  HARK and C~m HEDINGER: 

seminomatous transitions peripheral to the tcratoma, from tubules lined by a 
single row of the atypical germ cells to tubules filled by such, to very small dumps  
of these cells seen outside of the tubule in the immediate vicinity, and finally to 
small but  yet distinctly malignant appearing solid sheets of typical seminoma 
cells (Fig. 3). 

The causative factors behind these atypical changes in germ cells seen in 
association with te ra toma are by no means clear. Mechanical factors or chronic 
irritation have never been proved to be etiologically involved in the pathogenesis 
of seminoma. Production of some kind of substance analogous to Spemann's 
embryologic "organizer" (PEYRON) is hypothetical at best. In  light of current 

Fig.  4. Two tubules  in  a case of seminoma.  The tubule to the  left  is filled wi th  the  usual  i n t r a tubu la r  s eminoma  
metas tas is .  The tubule to the  r igh t  contains  bo th  this usual  t ype  of metas tas i s  and  a l ining of a typical  ge rm cells 

(63 year  old male,  B W  4185/60, H E ,  150 • ) 

theories and with the knowledge tha t  many  teratomas are hormonally active to 
a greater or lesser degree, an endocrine etiology would seem most  likely. The fact 
tha t  loci of atypical germ cells or of actual seminoma occur usually in the imme- 
diate vicinity of the pr imary tera toma with only a few compressed tubules inter- 
vening, and tha t  three cases exhibited atypical germ cells only in the ipsilateral 
tumor-containing testis and not in the contralaterM non-involved one, however, 
could be interpreted as evidence against a systemically dispersed endocrine factor. 
I t  does not preclude the possibility of high local concentrations of hormone in- 
ducing changes ill the surrounding germ cells. 

The pathogenesis as well as the significance of these atypical germ cells in 
cases of pure seminoma may  be different from those seen in cases of pure tera toma 
or combined tumor,  even when the cells themselves are microscopically indistin- 
guishable. D~xo~ and MOORE have photographed such cells in the rete testis 
in cases of pure seminoma and interpreted them as intraluminal metastases 
growing along the basement membrane and lifting up the normal germinal 
epithelium as they progress. The less frequent endocrine activity of seminoma 
also detracts from the probabili ty of autogenous loci of anaplasia peripheral to the 
main tumor. On the other hand one occasionally finds tubules containing the more 
typical pat tern  of contiguous seminoma metastasis, tumor cells sitting in the 
middle of the lumen, in addition to the so-cMled atypical germ cells sitting intact  
on the basement membrane (Fig. 4). 
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Summary 
Thir ty cases of seminoma and tera toma of the testis are classified. The histo- 

pathologic picture of the remaining tumor-free testicular tissue is compared for the 
different tumor  types. 

Definite and pronounced histologie evidence of endocrine act ivi ty of the tumor, 
especially disruption of spermatogenesis and hyperplasia of the Leydig cells, can 
be observed only in those tumors classified as malignant te ra toma trophoblastic. 
Significant differences among all other classes of tumor are not evident. 

Atypical germinal cells are present in approximately 75 % of the tumors but 
are absent in all four cases of malignant te ra toma trophoblastic. Their significance 
in seminoma can be disputed in so far as they may  represent only an unusual form 
of intratubular  metastasis. Their presence in tera toma may  be of much more 
pathogenetic significance, representing metaplastic or anaplastie foci peripheral 
to the main tumor  and accounting for the frequent simultaneous occurrence of 
te ra toma and seminoma. An endocrine relationship suspected between the 
tera toma and the foci of atypical germ cells is by no means proven. 

t~ber die u des tumorfreien Hodengewebes in F~llen yon Seminom 
und Teratom des Hodens 

Zusammen~assung 
In  30 Fs yon Seminomen und Teratomen, nach der Einteilung von COI~LI~Ts 

und PuaH klassiert, wird das tumorfreie Itodengewebe auf typische histologische 
Unterschiede zwisehen den einzelnen Tumorgruppen geprfift. Nur in der Gruppe 
der malignen Teratome yore trophoblastischen Typ sind am tumorfreien Hoden- 
gewebe histologiseh ausgesprochene und einheitliche Ver~nderungen in Form 
eines vollkommenen Unterganges der Spermiogenese und einer t typerplasie der 
Leydigzellen erkennbar, Ver/~nderungen die auf eine massive endokrine Beein- 
flussung des Resthodens durch den Tumor hinweisen. Bei allen anderen Tumorfor- 
men der Seminome und Teratome sind histologiseh am restlichen ttodengewebe 
keine eindeutigen Unterschiede zwischen den einzelnen Tumorgruppen fa~bar. 
Atypische Keimzellen treten in ungef~thr 3/~ al]er F~lle auf. Sie feh]en einzig bei den 
malignen Teratomen yore trophoblastischen Typ. Bei den Seminomen lassen sieh 
diese atypischen Keimzellen nieht ganz eindentig yon ungewShnlichen intra- 
tubul~ren Metastasen ~bgrenzen. Bei den Teratomen f~llt diese Deutung dagegen 
aul3er Betraeht.  Da hier alle Uberg/~nge yon atypischen Keimzellen bis zu eigent- 
lichen Seminomen beobachtet  werden kSnnen, mul~ vermute t  werden, da~ der- 
artige Wueherungen atypiseher Keimzellen ffir die h~ufige Kombinat ion yon 
Teratomen mit  Seminomen verantwortlich sein dfirften. In  erster Linie ist dabei 
an endokrine Beziehungen zu denken, die sieh am vorliegenden Material aber nicht 
beweisen lassen. 

References 
A~BE~Tn<I, A. v.: Zur Histogenese der Seminome. Schweiz, reed. Wschr. 73, 1091--1092 

(1943). 
AzzoPAR])I, J. G., F. K. MOSTOFI, and E. A. T~EIss: Lesions of testes observed in certain 

patients with widespread choriocarcinoma and related tumors. Amer. J. Path. 38, 207--225 
(1961). 

BA~ZER, A. : Zur Histogenese der Seminome des Hodens. Schweiz. Z. allg. Path. 6, 1--19 
(1943). 



92 G . J .  MAI~K and C ~ .  HE~)I~OER: Changes in Remaining Tumor-free Testicular Tissue 

BELL, F. G. : Tumours of the testicle: The spermatocytoma group. Brit. J.  Surg. 18, 282~301 
(1925). 

C]~EVASSV, M. : Tumeurs du testicu]e. Paris: G. Steinheil 1906. 
COLLI~S, D. H., and 1%. C. B. PvG~: The pathology of testicular tumours. Suppl. to Brit. J.  

Urol. 86 (1964). 
D~xoN, F. J.,  and I~. A. Moo~]~: Tumors of the male sex organs. A. F. I. P. Atlas of tumor 

pathology VIII ,  31b and 32. Washington, D. C. : Armed Forces Insti tute of Pathology 
1952. 

M~DDOCK, W. 0., and W. O. N~Lso~: The effects of chorionic gonadotrophin in adult men: 
increased estrogen and 17-ketosteroid excretion, gynecomastia, Leydig cell stimulation and 
seminiferous tubule damage. J.  clin. Endocr. 12, 985--1014 (1952). 

MASSO~, P. : Tumeurs humaines. Paris: Librairie Maloine 1956. 
PEYRO~, A. : Sur la coexistence de l 'embryome et du s~minome sur ]e m6me testicule. Bull. 

Cancer 25, 422~426 (1936). 
SA~OE~T, J .  W., and J.  R. McDonALD: A method for the quantitative estimate of Leydig 

cells in the human testis. Proc. Mayo Clin. 28, 249--254 (1948). 
SC~YDER, U. W. : Beitr~ge zur Lehre der chorialen Carcinome des Hodens. Schweiz. Z. allg. 

Path. 14, 298--322 (1951). 
- -  Zur Frage der Seminome und Pseudoseminome des Hodens. Schweiz. Z. allg. Path. 15, 

331--353 (1952). 
S~IFF~ ,  R. C. : The normal testis. Arch. Path. 50, 259--284 (1950). 

Prof. Dr. Chr. Hedinger 
Pathologisches Insti tut  des Kantonsspitals 

Winterthur/Schweiz 


