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ABSTRACT

Thirteen sections of primary splenic sarcomas manifested 
by eight beagle dogs exposed to protracted ^°Co gamma irra

diation were characterized by the use of staining methods.

Gomori’s Reticulum stain, Masson’s Trichrorae stain, and PAP 
(peroxidase-antiperoxidase), an immunohistochemical staining meth

od specific for localization of the S100 antigen, were employed in 

an attempt to reconcile and unify conflicting histological and 

ultrastructural evaluations of these tumors. The S100 antigen is 

thought to be indicative of a neurogenic cytogenealogy. All three 

staining methods were utilized because of their inclusion in a 

protocol developed to arrive at a differential diagnosis concerning 

these primary soft tissue lesions of the spleen. The results ob

tained with Masson's method, support differential diagnoses which 

postulate myogenic, as well as fibrosarcomatous origins for these

lesions. All sections exhibited reticulum patterns not out of 

context with those exhibited by normal splenic stromal elements, 

when stained with Gomori’s method. Therefore, no specific use

fulness was seen for the application of Gomori’s method to these 

neoplasms. The majority of the sections exhibited no 3100 pro

tein antigenicity. The 3100 positivity manifested by three sec

tions was thought to be due to the cells histiocytic, and not 

neutogenic origin. The relative lack of S100 protein expression 

within these lesions can be ascribed to one of three explanations: 
1) These neoplastic tissues do not contain the S100 antigenic 

protein; 2) The methods employed to fix and embed the sections 

are not conducive to preservation of the S100 antigen; or,
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5) The relatively undifferentiated state which characterizes these 

lesions allows for the possibility that the 3100 phenotypic ex

pression is not yet fully developed. Explanations one and three 

argue against neurogenic conclusions regarding the cytogenealogy 

of the sections. The second explanation has it’s genesis in poor 

experimental procedure and threrfore no conclusions about the 

validity of a neurogenic diagnosis may be drawn if it is accepted.
• Within this study the lack of endogenous neural positivity in the

sections supports premise number two. It is concluded that diagnoses 
that involve neurogenic origins for these neoplasms (i.e., Schwan

noma) remain questionable and the immunological recharacterization 

of these sections, coupled with more extensive electro* microscopic 

evaluations being cited as possible means by which final diag

noses may be ultimately made. It is also postulated that the 

extended exposure to formalin fixations, along with the rigors of 

paraffin embedding which was endured by the specimens may have 

denatured the S100 antigen’s integrity to a degree such that it 

would not allow for it’s recognition by the S100 specific antibody. 

Therefore the usefulness of immunohistochemical staining techniques 
(PAP S100) in establishing the differential as well as a final 

diagnosis is limited by the preparation procedure employed in the 

fixation and sectioning the specimens.
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The basic objective of toxicology studies performed upon 

laboratory animals is to main a better comprehension of the 

role which the toxic agent may play in human health. Because 

of the ever increasing risk of environmental as well as 

occupational exposure to irradiation, it is of primary interest 

to be able to accurately predict the effects which radiation 

may have upon induction of disease in humans. Because the date 

from exposed human populations is at a minimum, data from 

controlled studies involving the exposure of large, relatively 

long-lived animals, must be extrapolated to approximate the 

human condition. An outstanding candidate for controlled ex

perimental exposure to irradiation which fits the "large" 

and "relatively long-lived" criteria well is the dog. Therefore, 

in order to approximate the human situation while, at the same 

time gather the greatest quantity of data, studies involving 

the exposure of canines to protracted whole-body irradiation, 

given at a dose rate low enough to allow near normal life spans, 

are the most reasonable protocols. Longitudal studies involving 

hematopoietic changes, tumorigenesis as well as life shortening 

in irradiated canines provide the opportunity for parallelling 

and supplementing studies of humans who have been exposed to 

radiation through accidents, warfare or in clinical situations.

At Argonne National Laboratory, under the direction of 

Dr. Thomas E. Fritz, the occurrence and characterization of 

splenic neoplasms in beagle dogs, subjected to protracted

1
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whole-body v'7o gamma irradiation, was studied. The beagle 
dogs were exposed tc the icnizinm ^-radiation (venerated frcr 
a --Co source) twenty-two hours a day, seven days a week at 
rates of 3-3, 7.5, 12.3, or 26.3 R per day. Exposure * o the 
irradiation was terminated once a predetermined total dosage had 
been given. For dose rates of 3.3, 7.5, and 12.3 R per day 
these end, or predetermined dosages were 457, 1757, 577 or 
3777 R. For the 26.3 R rate the terminated dose levels were 157 
or 1757 R.

As indicated in Table T, the spleen has been the site of 
numerous fatal turners within the terminated exposure Argonne 
beagle population. Twenty of these fatal malignancies (eighteen 
in exposed dogs and two in control beagles) have had similar 
clinical and initial pathological characteristics. mh° splenic 
neoplasms as a group exhibit, a high degree of pleomorphism.
Under light microscopic examination they are characterized as 
relatively undifferentiated, but because of the presence of large 
spindly cells are generically classified as primary soft tissue
sarcomas.

Dr. Ralph Bunte, Veterinary Pathology section Armed Forces 
Institute of Pathology (AFIP), after reviewing a number of the 
splenic lesions which occurred in these dogs, was able to 
characterize them as poorly differentiated neoplasmas resemblinm 
post irradiation spindle cell sarcomas found in man (Bunt° 
et atl, 19^5). Hajdu et al. (1979) state that in twenty-nine
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Table I. Fatal tumors in Argonne beagles

DOSE 
RATS 
(rads)

TOTAL
DOSE
(rads) DOG NO. <3 j J7k ANATOMIC SITE ■ TUMOR TYPE

.00 0 2642 T J LYMPH NODS LYMPHOSARCOMA

.00 2107 F LYMPH NODE LYMPHOSARCOMA

.00 1543 p PARAGANGLION CARCINOMA

.00 160? p MAMMARY GLAND CARCINOMA

.00 2953 F SKIN MASTOCYTOMA

.00 1531 M SMALL INTESTINE CARCINOMA

.00 2119 LYMPH NODE LYMPHOSARCOMA

.00 1630 F THYROID CARCINOMA

.00 2254 p BUCCAL MUCOSA MELANOMA

.00 2024 F MAMMARY GLAND' CARCINOMA

.00 2069 p MAMMARY GLAND CARCINOMA

.00 1953 F LYMPH NODE LYMPHOSARCOMA

.00 1963 F MAMMARY GLAND CARCINOMA

.00 1666 M LYMPH NODE LYMPHOSARCOMA

.00 1924 p SPLEEN SARCOMA

.00 1793 M LUNG CARCINOMA

.00 1726 F URINARY BLADDER CARCINOMA

.00 1732 M URINARY BLADDER CARCINOMA

.00 1902 F ADRENAL CORTEX CARCINOMA

.00 1521 F LYMPH NODE LYMPHOSARCOMA

.00 1713 V LYMPH NODE LYMPHOSARCOMA

.00 1314 ■* $ MAMMARY GLAND CARCINOMA

. 00 1914 M ESOPHAGUS CARCINOMA

.00 3300 K SPLEEN ■ SARCOMA

3.30 1030 2370 F LYMPH NODE LYMPHOSARCOMA
3.30 2355 F MAMMARY GLAND CARCINOMA
3.30 2522 4 HEART ANGIOSARCOMA
3.30 2520 F LYMPH NODE LYMPHOSARCOMA
3.30 2131 p VAGINA LEIOMYOMA
3.30 2353 M LIVER ANGIOSARCOMA
3.30 2200 M LYMPH NODS LYMPHOSARCOMA
3.30 2502 t zr SPLEEN SARCOMA
3.30 2356 F MAMMARY GLAND CARCINOMA
3.30 2199 F MAMMARY GLAND CARCINOMA
3.30 2139 K ANAL GLAND CARCINOMA
3.30 2360 M PROSTATE CARCINOMA
3.30 2132 p THORAX CARCINOMA

3.30 1300 2775 M BONE MARROW MYELOGENOUS L
3.30 2757 M PITUITARY CARCINOMA
3.30 2519 F MAMMARY GLAND CARCINOMA
3.30 2764 F LYMPH NODE LYMPHOSARCOMA
3.30 2766 F VAGINA LEIOMYOMA
3.30 2776 M PITUITARY ADENOMA

TIKE
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Table I. Fatal tumors (cont.)

0032 TOTAL 
RATE DOSE
(rads) (rads) DOG NO. SEX ANATOMIC SITE TUMOR TYPE
3.30 1500 2756 M PROSTATE CARCINOMA
3.30 2763 F ■ MAMMARY GLAND CARCINOMA
3.30 1050 2501 M SPLEEN SARCOMA
3.30 2521 F URINARY BLADDER CARCINOMA
7.50 450 2954 ■n/r BONE MARROW MYELOFIBROSIS
7.50 2939 I'l THYROID CARCINOMA
7.50 1050 2544 M SPINAL CORD GLIOMA
7.50 2593 M SPLEEN SARCOMA
7.50 2532 M SPLEEN SARCOMA
7.50 2574 M BILE DUCT CARCINOMA
7.50 2531 TITi'i LUNG CARCINOMA
7.50 2545 M SPLEEN SARCOMA
7.50 2617 M SPLEEN ANGIOSARCOMA
7.50 2625 F MAMMARY GLAND CARCINOMA
7.50 2720 F MAMMARY GLAND CARCINOMA

7.50 1500 2404 F BONE MARROW MYELOFIBROSIS
7.50 2391 F SPLEEN SARCOMA
7.50 2377 F SPLEEN SARCOMA
7.50 2405 Pi BONE-. MARROW MYLEOGENOUS LEUKEMIA
7.50 2333 F MAMMARY GLAND CARCINOMA
7.50 2100 F MAMMARY GLAND CARCINOMA
7.50 2392 T"'r MAMMARY GLAND CARCINOMA
7.50 2403 F MAI ISA RY GLAND CARCINOMA
7.50 2343 F MAMMARY GLAND CARCINOMA
7-50 2036 F THYROID CARCINOMA
7.50 2295 F MAMMARY GLAND CARCINOMA
7.50 2293 SPLEEN SARCOMA
7-50 2300 M SKIN CARCINOMA
7.50 2332 M SPLEEN SARCOMA
7.50 3000 1673 M BONE MARROW MYLEOGENOUS LEUKEMIA
7.50 1933 F BONE MARROW MYLEOGENOUS LEUKEMIA
7.50 1913 M BONE MARROW MYLEOGENOUS LEUKEMIA
7.50 2142 7 T LYMPH NODE LYMPHOSARCOMA
7.50 2156 V LYMPH NODE LYMPHOSARCOMA
7.50 1921 M SMALL INTESTINE CARCINOMA
7.50 2133 F SPLEEN ANGIOSARCOMA
7.50 1593 F MAMMARY GLAND CARCINOMA
7.50 1911 r MAMMARY GLAND CARCINOMA
7.50 1390 M MAMMARY GLAND CARCINOMA
7.50 1372 p LIVER CARCINOMA
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Table I. Fatal tumors (cent.)

DOSS TOTAL 
RATS DOSE
(rads) (rads) DOG NO. SEX ANATOMIC SITS TUMOR TYPE

7.50 3000 1676 •nH MAMMARY GLAND CARCINOMA
7.50 1776 J'.’ SKIN CARCINOMA

12.70 450 3120 F MAMMARY GLAND CARCINOMA
12.70 2955 M SPLEEN SARCOMA

12.70 1050 2703 7-1 SPLEEN SARCOMA
12.70 2772 p LYMPH NODE T,YMPH OSAR COMA
12.70 2702 SMALL INTESTINE CARCINOMA
12.70 2762 p VAGINA LEIOMYOMA
12.70 2703 "79 NASAL SINUS chondrosarcom,
12.70 2729 F MAMMARY GLAND CARCINOMA

12.70 1500 2331 Tp BONE MARRO’U MYELOGENOUS L/
12.70 2333 T./T!•[ SKIN ANGIOSARCOMA
12.70 2330 4 * MAMMARY GLAND CARCINOMA
12.70 2323 p MAMMARY GLAND CARCINOMA
12.70 2793 F MAMMARY GLAND CARCINOMA
12.70 2349 F LYMPH NODS LYMPHOSARCOMA
12.70 0954 SPLEEN SARCOMA

12.70 3000 1959 T’.-T STOMACH CARCINOMA
12.70 2074 T - SPLEEN SARCOMA
12.70 1971 ■n SPLEEN SARCOMA
12.70 1773 T~i MAMMARY GLAND CARCINOMA
12.70 1771 77 ANAL GLAND CARCINOMA
12.70 1070 T-, MAMMARY GLAND CApetuONA
12.70 1791 T .T THYROID CARCINOMA

26.30 450 3165 p SPLEEN SARCOMA

26.30 1050 1544 T I LYMPH NODE LYMPHOSARCOMA
26.30 1770 T.T SPLEEN SARCOMA
26.30 1611 M SKIN ANGIOSARCOMA
26.30 1775 7.7 SKIN MASTOCYTOMA
26.30 1574 p MAMMARY GLAND CARCINOMA
26.30 1597 T-l

b MAMMARY GLAND CARCINOMA
26.30 1725 H ANAL GLAND CARCINOMA
26.30 1694 M LYMPH NODE LYMPHOSARCOMA
26.30 1600 ?, - ANAL GLAND CARCINOMA
26.30 1601 T "I'M LUNG CARCINOMA
26.30 1672 F MAMMARY GLAND CARCINOMA
26.30 176/,. F MAMMARY GLAND CARCINOMA



patients exposed to irradiation for various conditions, that on 

the average more than twenty years elapsed between the exposure 

of the patient to the irradiation therapy and- the appearance 

of soft tissue sarcomas. The observations of Hajdu et al. 

and Bunte et al.,when viewed in light of the fact that the major 

stated objective of the radiation toxicology studies of 

Dr. Fritz and his colleagues at Argonne, involves being able to 

predict the human reaction to low levels of ionizing radiation, 

(Fritz et al., 19$5 ) serve to illustrate the particular 

importance of further study involving these neoplasms.

The soft tissue splenic sarcomas found to occur in the 

Argonne beagles then are of particular interest not only because 

their temporal occurrence parrallels that of post-irradiation 

sarcomas of man but also because (under initial light micro

scopic evaluation) they appear to closely resemble these same 

tumors.

While some of the evidence for the diagnosis of these 

tumors seemed to indicate a neurogenic origin, a diagnosis of 
malignant Schwannoma (neuro fibro sarcoma) was not supported 

by all investigators. These conflicting opinions regarding the 

true nature of these primary, soft tissue, neoplasms lead to 

the application of PAP (peroxidase-antipercxidase) methods to 

these sections. Therefore, the further characterizations of 

these neoplasms was considered to be of the utmost importance.

To facilitate this end, staining techniques, including Gomori’s 
Reticulum, Masson’s Trichrome and PAP techniques, (specific for
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3100 protein) were employed. The basic objective of this project 

then is two-fold. Initially, the staining- techniques (in nar- 

ticular the PAP 3100 technique) were applied to the neoplastic 

splenic tissues with the objective of determining a cell of 

origin, and thereby facilitating a final diagnosis for the 

tumors, which up until this time had been labeled with initial 
diagnoses ranging from ’’neurogenic" (Lombard et al., 19^5) to 

’’pleomorphic, undifferentiated, spindle-cell sarcomas’’
(Bunte et al., AFIP, 19f5) to ’’neurofibrosarcoma’’ (Schwannoma) 

(Duggal et al., 19$5). In the attempt to demonstrate that 

these tumors contained malignant Schwann cells the PAP procedure, 

which is specific for demonstration of 3100 antigen, was employed. 

Secondly, because of its inclusion in Lombard’s special staining 

protocol, to help facilitate and speed a differential diagnosis 
of these lesions (Lombard et al., 19#5)» an attempt 'was made to 

evaluate the usefulness of the 3100 specific PAP staining

technique in the characterization of these tumors.



LITERATURE REVIEW.

Primary Splenic Sarcomas■

Open literature reports of primary splenic neoplasms of 

soft tissue-origin are, with the exception of the hemangiomatous 

type, rare in canines. References to ncnhemangiomatous splenic 
soft tissue tumors occur only in Cotchin’s introductory remarks 

to splenic neoplasms in the dog. These references which 

occurred during the 1920’s and 193O’s are generally considered 

to be spindle-cell sarcomas (cited in Lombard et al., 1935). 

Current veterinary literature (Moulton, 1973: Squire et al., 

1973) makes no mention of primary splenic sarcomas of the non- 

endothelial or nonhemcpoietic (i.e. nonhemagiomatous) type 

occurring in dogs. Mulligan (1949) shows photographic evidence 

of a retroperitoneal neurofibrosarcoma which has invaded the 

spleen of a ten year old doberman pinscher, but makes no mention 

of primary splenic neoplasms. Neurogenic sarcomas have been 

reported as postirradiation complications in humans who have 

been subjected to irradiation protocols in the treatment of 

other types of neoplasia (mostly lymphomas and carcinomas)

(Hajdu et al., 1979).

A number of primary splenic lesions of the ncnhemogiomatous 

type in canines have been reported in the closed veterinary 
literature. Those outside of the argonne study are: 1) Two 

leiomyosarcomas, one in a dog exposed to ' Sr at Davis, Ca. and 

one in a control dog in Utah. 2) One fibrosarcoma, reported in 
a control dog in Utah. 3) Two ’’splenic sarcomas" (one specified

£
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i podcne undifferentiated;, reported in beadles exposed to Ra
Q Q Z

and Ha in Utah. L} "Peripheral nerve sheath tumors" 

occurring'in beagles following neutron irradiation exposure 
(Lombard et al., 192.5).

In Lombard et al. (1°25) fifteen cases of primary srleni? 

soft tissue neoplasia, which had occurred within the beamle 

population at Argonne are reviewed, with an enrhasis placed on 

determining a differential diagnosis for these lesions. Using 

both liyht ond oloctron rnicrcsccpy > Lombard ot al. concluded 

that thosa oapta cula1^ tyradi.atio'o — loducod ’tuners ©xhibitad 

characteristics which are -enerally associated with reu^o- 
fibro-sarcomas (Schwannomas). Tr. sections harvester

\ -p +• l-i £ /_L b.i; spleens, fixed in 10,1i q y* t* a f" i o n

formalin and stained routinely with hemotoxylin and eosin, Lomba 

et al. were able to observe features such as, Antoni-type A 

tissue interspersed with Antoni-type E tissue. The result of 

such interweaving of tissues being various palasading, whcrling 

patterns of elongated, fusiform cells. Ilany of the ceils cental 

ed round tc oval nuclei, with thick rims of chromatin, prompting 

them to assign an initial diagnosis of "neurogenic sarcoma” tc 

the neoplasms (Lombard et al., 1925). Further evidence found 

by Lombard et al., to support their diagnosis, included the use 

of Gomori’s Reticulum stain to demonstrate the presence of 

delicate interwoven reticullum fibers. These fibers forming Ion 

wirelike bundles, are characteristic of neural neoplasia. The 

presence of a fine myxomatous network within Jthe sections also



prompted Lombard et al. to consider of athe possibility
fibrosarcomatous origin for the tumors. In addition, trichomic 

staining supported the presence of fibrosarcomatous tissue 

within the splenic tumors.

Lombard et al. (19$5) applied electron microscopic 

techniques to five specimens which they considered typically 

representative of all fifteen splenic lesions. Although■they 

were able to demonstrate the presence of numerous microtubular 

and microfilamentcus structures, indicative of neural cell 

processes, this ultrastructural characterization did not 

demonstrate the presence of myelination of neural precesses or 
Luse bodies (noted in only one section). Both Luse body 

formation and myelination are considered important, if net 

diagnostic criteria for Jchwann cell tumors in man (Lombard 

et al., 1935).

The conflicting evidence obtained from light and electron 

microscopic study which argue respectively, for and against, 
assignment of a final diagnosis of neurofibrosarcoma (Schwannoma) 

to these radiation-induced primary splenic neoplasms, caused 
Lombard et al. (19#5) to advocate the use of "new diagnostic 

immunochemical tests" as a means by which the cell types present

within these tumors might eventually be identified.

Duggal et al. (19^5) were able to arrive at initial

diagnoses for the primary splenic tumors of the eight dogs 

included in this study. Duggal et al’s. diagnoses were based
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soley on slides stained with hematoxylin and eosin and ran~e 

from ’’neurofibrosarcoma1’ to "undifferentiated sarcoma" tc 

"mixed mesnocymal sarcoma" (Table II).

In an attempt to obtain outside opinions regarding the 

origin and classification of these tumors, seventeen cases, 

including eleven from the terminated-total dose study and six 

from other chronically irradiated Argonne dogs, were submitted 

to Dr. Ralph Bunte, Veterinary Pathology Section, Armed Forces 

Institute Pathology (AFIP) for review in 19$5. Details of the 

dogs which exhibited these splenic tumors along with others, which 

showed the same splenic clinical and pathological characteristics 
at Argonne are listed in Table III. Materials sent to AFIP 

included electron micrographs, paraffin blocks and case histories.

Dr. Sharon Weiss, Soft Tissue Section, ArIP, Dr. John 

Longloss, Immunopathology Diagnostic Section, AFIP and Dr. Timothy 

Triche, Head, Electron Microscopic Section, Clinical Center of 

the National Cancer Institute, all examined the materials 

submitted. The AFIP report, dated 7, February lQcJ5 indicates 

that while a diagnosis of malignant Schwannoma (neurofibro

sarcoma) cannot be ruled out, this diagnosis cannot, in light of 

the characteristics inherent to fibrosarcomas, and leiomyo

sarcomas which are present within these neoplasms, be made with 

any confidence as the definitive diagnosis in any of the
examined neoplasms.

The considerable variations in morphologies observed not
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Table IT. Primary diagnoses of eight

primary splenic sarcomas found 

in beagleedogs at Argonne.

DOG ”M DUGGAL LO’TARD

471 FIBROSARCOMA NEUROGENIC SARCOMA

• IP 70 MIXED MESENCHYMAL 
SARCOMA

NEUROGENIC SARCOt’A

1924 NEUROGENIC SARCOMA
AVD LYMPHOSARCOMA

2074 FIBROSARCOMA v t?t yi} qc’ t?i\t t r* Q P

2293 TTUD tru rremtIAT E 0 
SARCOMA

sic sic s': sic sic sicsi: sic sic s':sic sic sicsjc si-- s'c

2377 NIXED SARCOMA

2L44 MALIGNANT FIBROUS 
HISTIOCYTOMA

sic # sic sic sic sic sic sic * sic sic sics'; sic si: si: sic s':

3300 NEUROFIBROSARCOMA

Dogs not included in Lombards study
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000 NO.

Table III Occurrence of splenic sarcomas 

in Argonne beagle dogs.

EXPERIMENTAL STATUS

7la
43 5 a T /

- .454 ~ JV

471s
954a jVj

1770 a
1790 a L

1924 a p* r
1971a ■n /r
2074 a rr0 !’• 1

2293 a 0
2332 M
2377a ff T“1

23Qla F
2444 a 0 /"

2501 ?./

2502
2545? *, T

2572a 7 7

2593a n r 
J-'i

2620 7.7

2705a F
2955 M

3165 T?

3473 i X

3700 s ? 7

1370s J 
1370s° 
1370s b 
1370s b
12.7/1500°
26.3/1050°
■7 c A nnn C
Control
12.7/3000
12.7/3000
7.5/1500
7.5/1500
7.5/1500
7.5/1500
12cu°

0
7/1050 
5/1050

c
c
Q
c
c
c

5/1050 
5/1050 ~ 

7.5/1050 ' 
12.0/1050° 
12.7/450 ° 
26.3/450 c 
.757~ 
Control

a Cases reviewed by AFIP.
b Intravenously injected with single near-lethal dose of ^'Cs. 
c Protracted irradiation given at indicated dose rate (R) to the

indicated total dose (R) beginning at 400 days of age. 
d Irradiated ccntinously during fetal life at 12.7 R/day. 
e Irradiated continously at .75 R/day beginning at 400 days of age 
g Cases reviewed in this study.

CARROLL COLLEGE LIBRARY
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only between different animals but also frequently from area to 

area within the same neoplasm, and the differences in inter

pretations of the light and electron micrographs, along with the 

absence of S100 positivity within these neoplasms prevent the 

investigators at AFIP from pinpointing a specific cell of origin.

The consensus opinion of the AFIP team concerning these 

canine irradiation induced neoplasms was that they were comprised 

of neoplastic cells which appeared to be differentiating toward 
a variety of cell types, with no one type predominating (Bunte 

et al., 19$5).

5100

S100 protein has been shown tc be a mixture of two very 

similar proteins (S100 a and S100 b) each of which is a dimer 

containing both alpha and beta subunits which are homologous.
This 5100 antigen is an acidic, Ca*2 binding moiety, named for 

it’s solubility in 100;? saturated ammonium sulfate. It is highly 

conserved phylogenetically, appearing in species as disparate 

as fruit flies and humans (Armin et al., 19^3; Lceffel et al., 

19&5). Originally isolated from mammalian brain tissue twenty 

years ago, S100 protein is a intracellular (i.e. occurring in 

both the cytoplasm and nuceoplasm) protein, which was thought 

to be specifically restricted to glial and Schwann cells within 
the central and peripheral nervous systems; (Loef f el e.t al., 19&5)

Although, originally considered a specific neural antigenic

determinant, the S100 antigen has recently been demonstrated,
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through the use of biochemical techniques to be present within a 

wide range of non-nervous neoplastic tissues, including menigi- 

cmas, teratomas, lymphomas and malignant melanomas (cited in 
Kahn et al., 1973). In the above studies, the presence of S100 

protein was assessed by immunological assays, such as comple

ment fixation and quantitative Immunoelectrophoresis (cited 

in Kahn et al., 19$3). Contemporary methods for demonstrating 

the presence of S100 protein within sectioned tissues closely 

parallel those cited by Taylor (1977) in his discussion of 

immunoperoxidase enzyme bridge technology. Dubbed "PAP” 
(peroxidase-antiperoxidase) and originally introduced by 

Stemberger in 1974 (cited in Taylor, 1977) the technique relies 

upon the development of a three tiered multi-antibody complex. 

(Figure 1). This multi-antibody complex is built in a series of 

steps, involving addition of the antibodies in the correct- 

sequence (i.e., I then II then III). The final step in this 

construction is the addition of the chromogen, which must react 

specifically with the peroxidase in tier III to produce a 

stable, colored product which exhibits a definable absorption 

spectrum in visible light, and may therefore be clearly seen 

under light microscopy (Taylor, 1977). The above findings not 

withstanding Kahn (1973) was able to illustrate through methods 

(PAP), that the 3100 antigen was not randomly distributed among 

neoplastic tissues. Although, Kahn was able to demonstrate

reactivity to 3100 antibody, within a number of normal, as well
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TOJRE 1. RAF enzyme bridge immunoreroxidase 

multiantibcdy complex.

liPT. LLL
Rabbit antibody to 
horseradish peroxidase 
(nx) and horseradish 
neroxidase antimen.

Tier FT
bivalent porcine 
anti-rabbit T^G. 
(’'link" antibody)

Tier .J.
Rabbit anti-3100. 
("Primary antibody)

KEY

- 3100 antipen.

Rc - Peroxidase antigen,
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as neoplastic, non-nervous tissue types, (eg. stellate cells of 

the adenohypophysis, human nevi, malignant melanomas and cells of 
the adrenal medulla), Kahn et al. (19?3) maintain that while the 

presence of the 3100 antigen may not be pathognomonic of a specific 

tumor type, the judicious use of this tissue marker 'when
• correlated with pertinant clinical and pathological data, may

allow for a specific diagnosis. The PAP 3100 methods may point 

to a neurogenic cytoreneology even in lirht of an ambiguous 

histopathologic picture, as might be obtained through the use of 
conventional staining methods (i.e. H E, Gomoris or trichrcmic 

methods).



MATERIALS AND METHODS

Animals

The canines included in this study are all from the closed 

beagle breeding colony at Argonne National Laboratory. This 

colony was derived from a nucleus selected in 1Q59-^O and has 

been an outbred closed breeding colony ever since. The colonv, 

its care and management have been described in detail previously 
(Norris et al., 196f,1972). The major objective of the Argonne 

beagle toxicology program, headed by Dr. Thomas E. ^ritz, is to 

generate a comprehensive data base concerning the late effects 
of low level, ionizing radiation (gamma) in a large and relatively 

long-lived animal, namely the beagle. This data base will then 

facilitate the extrapolation, of the enormous amount of data 

concerning the response of other more conventional, laboratory 
animals (i.e., rats and mice) to radiation treatment, to the 

human condition (Fritz et al., 19&4-S5).
I

Irradiation Procedures

The beagle dogs included in this study are exposed to 
protracted whole-body gamma irradiation from a °“Co source, 

twenty two hours a day, seven days a week, beginning at approx
imately 400 days of age (equal to a young adult in humans) and 

continuing until a predetermined total dose has been absorbed. 

Irradiation Is accomplished using gamma beam Model 150A units 
(Atomic Energy of Canada, Limited) fitted with ^^Co Y-ray emitting 

sources of appropriate strengths. In the exposed position the 

source is surrounded by cylindrical attenuators, which may be

1$
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changed when necessary to compensate for the radioactive decay 
of the ^Ogo.

The rates at which the dogs are exposed to the gamma irradi 
ation are 3.$? 7.5, 12.3 or 26.3 R a day. Whereassthe 

predetermined cummulative total dosages (i.e., the dose at which 

exposure is terminated) are 450, 1050, 1500, or 3000 R for the 

3.3, 7.5 and 12.3 R rates with the dogs exposed at the 26.3 R 

rate being terminated once total dosages of 450’or 1500 R had 
been accummulated.

The beagles are caged singly in two tiered fiberglass 
cages (23” x 23” x 24” high, inside dimensions) located along

60 x/arcs which are various distances from the Co 0-ray sources.

The control dogs are caged in situations identical to those of 

the exposed population and are housed in ante rooms adjacent to, 

but separate from the gamma exposure rooms. Dosimetry measure

ments as well as source calibration have been previously des

cribed (Norris et al., 1963, 1973). Special attention was given 
to dosimetry in the “"’Co Y-ray exposure rooms utilized in this 

study because factors such as body size, life span, cage 

composition, and the dogs preferred location within the cage, 

all affect the exposure rate as well as the total exposure of 

the beagles to irradiation. Accounting for these considerations 

has lead to operating procedures being employed in the y-rooms 

’which include rotating’ the cages 90 degrees every day, and movin 
the dogs from the top tier to the bottom and vice versa once
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weekly. These manipulations have provided the best practical 
approaches to assure uniform irradiation of the canine subjects 

and also function to equalize the level of absorbed irradiation 
within each dose group.

One other dog included in this study was from an earlier

• study done at Argonne in which the dogs were intravenously inject 
ed with a near lethal dose of ^^7Cs.

The health status of the animals is continuously monitored 

through daily observations, routine physical examinations and 

hematologic evaluations of blood samples drawn from the jugular. 

Therapeutic and diagnostic procedures are employed only if there 

exists no danger of prejudicing the experiment. That is, 

exotic drugs, and surgical procedures are not employed unless 

they are deemed necessary for humane reasons. An example of 

this care may be illustrated by noting that splenectomy was 

performed only upon dogs who had been shown, through radiographic 

procedures to be in danger of splenic rupture.
A complete necropsy is- performed on every decedent upon 

their death, at which time standard set or organ weights is 

recorded and any pathologic condition is noted. An example of a 

typical necropsy report is shown in Appendix A. During necropsy,
• normal as well as-pathological tissue samples are obtained and 

fixed in 10% buffered neutral formalin for latter histopathologi

cal study. A primary cause of death is also assigned but the 

final cause depends ultimately upon the histopathologic
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examinations. A set of comprehensive records is maintained 

for each dog by the use of a Data Base 5500 processor with a 

ten megabyte storage capacity, which is linked to six remote 

time sharing terminals. Various data including clinically, 

hematologically, genetically, and pathologically, pertinent 

information for each decedent is transferred to, and therefore 

may be retrieved from a large remote I. B. M. Mainframe, located 

in another building at the Laboratory, through the use of a 

telephone MODEM communication system. A line printer is provid

ed for local report generation. A description of this system 

has been published previously (Doyle et al., 1T#1).

Spleens

Samples of the neoplastic splenic tissue were harvested 

from eight dogs, five taken at necropsy and in the remaining 

three cases surgical laparometric methods were employed (Table IV) 

These three surgical protocols were dictated by a clinical 

picture including distended abdomen, splenomegaly, malise in 

the absense cf a leukemic hematologic picture, and radiographic 

manifestations of abdominal splenic masses.

The gross appearance of all tumors obtained from the 

canine spleens is characterized as a single, large, elevated, 

firm, nonencapsulated and relatively well demarcated mass, 
ranging in color from white to lirht cream (Lombard et at.,

19#5). The lesion usually occupies a large portion of the
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Table IV, Weight and method of harvest of

eight neoplastic spleens taken

from Argonne beagle dogs.

DOG NO. SPLEEN WE IGHT (g) SPLENECTOMY NECROPSY

471 560 X

l#7O 162 X

1924 101 X

2074 163 X

2293 215 X

2377 264 X

2444 60 X

3300 1299. X



23

snleen, rele^atinm the normal -cleric tissue to ■’■h0 extreme* 

periphery, of the ormm. Sites or metastases were also noted 

at necropsy which included hepatic, peritoneal, and pulmonary 

seedings. These secondary sites of neoplasia were usually 

characterized as miliary, (liver and lung) or similar to 

the primary turner in appearance (peritoneum.) (Lombard et al.,

19 5*5).

Table TV illustrates that the average weight of the eight 

neoplastic spleens was seen to be greatly increased (391- 133 

(5.L.) g.) when compared to the normal spleens from one hundred 

eight dogs (25.5- 6.S g. (3.3.)).

After collection the lesions were fixed as aforementioned 
(i.e., 10/.’ buffered formalin), embedded and sectioned by 

standard paraffin methods, and mounted on slides for staining.

A total of thirteen sections of neoplastic splenic tissue 

were obtained from the eight dogs. hen more than one section 

was taken from the same spleen, each section was assigned a 

’’section number", by which it could be differentiated from the 

ether sections taken from the same spleen. Therefore, the 

individual sections are identified by both a ”dog number" 
and a ’’section number” (Table V). Rather than all the sections 

being considered together as a serial representation of a single 

region, the different sections taken from the same spleen each 

represent a distinct autonomous region within the neoplastic 

spleen itself. The method which will be used tc refer tc
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specific sections within this study will be the dog number, 

followed by the section number, with the insertion of a dash to 

seperate the two numbers from each other. The inclusion of 

six of the eight canines within this study was based upon 

conflicting points of view regarding the diagnosis of these 

lesions which were put forth by Drs. Lombard, Duggal (at Argonne) 

and Bunte from AFIP. Two other cases 0471 and 3S00, although 

not previously reviewed, were also included because of the high 

degree to ’which their morphological appearance parallelled that 
of the other six (Duggal et al., 19?5). All of the sections 

obtained from the eight canines were stained with three methods, 

PAP SlOO, Gomoris Reticulum, and Massons Trichrome, in the hope 

that these stains would facilitate additional distinction be

tween the morphological features present in these neoplasms, and 

thereby establish once and for all a final diagnosis for all 

eight cases. Therefore, the sections included in this study 

'were selected because of their close histologic resemblance to 

one another when stained with hematoxylin and eosir. methods and 

viewed under light microscopy.

PAP 3100 Staining.

A commercially obtained immunohistology kit specific for 

SlOO protein was utilized (Files Scientific; ”Tissue-7ek”, 

Naperville, IL.). This kit utilizes polyclonol antibodies 
which have been isolated and purified from the serum of immun

ized mammals. Before employing the PAP S100 specific staining
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method it was necessary tc deparaffinize the sections and 

hydrate to distilled water. This was accomplished by first 

rinsing the slides in two xylene baths for two and one-half 

minutes each and then exposing them to a number of decreasing 
concentrations cf ethanol (100$, 95$, 75$ and 50$). The 

sections were exposed to the same concentration twice before 

being being exposed to each subsequently lower concentration, 

with each exposure lasting two and one-half minutes. The slides 

were then placed in 2x distilled water. Using a diamond tipped 

pencil a line was circumscribed in the glass around the edge of 

the specimen. This was done to insure that the maximum concen

tration cf the reagents to be used, would be localized upon the 

sections themselves.

The first step involved covering the circumscribed speciman 

with 3$ hydrogen peroxide. This procedure was carried cut in a 
humidified environment (petrie dish) for five minutes at rcocm 

temperature (25° C), and functioned tc block any endogenous 

peroxidatic activity which may be manifested by the cells. This 

endogenous peroxidase activity if not deactivated would interfere 

with the chromogenically based method of exhibiting 3100 antigeni 

activity which is employed in a latter step. The specimens were 

then rinsed in distilled water and washed in .05-U TRIS buffer cf 

pH 7*6 for five minutes . The TRIS was prepared before hand by 
dissolving 6.1 g of TRIS (Trishydroxym.ethyl aminomethane) in 

50 ml of distilled water adding 37 ml of IN HC1 and diluting to
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a total volume of 1 L with distilled water. This mixture was 

then titrated to a pH of 7.6 using a pH meter and 1 N HOI.

All of the subsequent incubations were carried out at 

37° C in a humidified environment (petrie dish). In step 

two the specimens were next exposed to normal porcine serum 
prediluted to 3;^ in 0.0$M TRIS buffer, pH 7.6. This was dene to 

counter the non-specific binding of immunoglobulins to such 

things as collagen and other polymers. The incubation period 

was twenty minutes after which the slides were again rinsed in 

0.03’* TRIS buffer, pH 7.6. Step three involved the exposure of 

the sections to rabbit anti-SlOO immunOgloblin. Subbed 

"primary’’ this antibody is directed against SlOO antigenic 

determinants and will comprise tier I of the multiantibody 
complex (Figure 1). This incubation lasted for twenty minutes 

and was followed by a twenty minute wash in TRIS buffer (pH 7.6). 

In step four the splenic tissue was covered with porcine anti-rabb 
it IgG immunoglobulin ("link" antibody tier II) for twenty 

minutes, followed by a twenty minute rinse in TRIS buffer 

(pH 7.6). Subsequently, during step five the slides were 

exposed to soluable horseradish peroxidase antigen-rabbit 

anti-horseradish peroxidase complex (PAP, tier III) for twenty 

minutes. The final step involved the exposure of the tissue 
to the chromagen, 3-amino-9ethylcarbazole (AEC), mixed with 
equal parts of 1 M acetate buffer, (pH 5-21) and 0.3,6 hydrogen 

peroxide. This incubation lasted for forty minutes and after
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washing with distilled water the sections were counter stained 

with ’layer’s hematoxylin for two minutes, and cover slipped 

using liquified glycerol gelatin as the capping media.

Controls

The integrity and specificity of the PAP method was checked 

by staining human nevi with the same reagents used to stain 

the neoplastic splenic canine tissues. The nevi, which 

consist of conglomerations of tightly packed melanocytic cells 

are known to express the 3100 antigen. The expression of this 

neurogenic protein is thought to be a consequence of the neural 
crest origin of melanocytes (Duggal, personal communication, 

1985).

Sections of human nevi which were obtained from Argonne 

pathologist, Kay Duggal, and were used as both positive and 

negative control checks for the TAP technique described above.

In the nevus used as a positive control, the section was 

exposed to the same reagents in the same order as outlined for 

the canine splenic sections. In the negative control, the nevus 

was also exposed to the reagents in the same order as the neoplas 

tic canine tissues, but in step four this section was exposed 

to a TRIS based reagent which did not contain'the Tg0 ’’link” 

antibody. Sections which are not exposed to the Ig9 antibody in 

sten four should not exhibit the peroxidase-AEC reaction product 

because of the disruption of the multiantibcdy complex which 

would occur at tier IT.
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Gomori’s and Massons Methods

Each section which was stained by the PAP method, was 

also stained using Gomori’s Reticulum Method and Masson’s 

Trichrome Method. These staines were included because cf their 

inclusion in a staining protocol developed by Lombard et al.
• (19^5) in their attempt to establish a methodology by which a

differential diagnosis might be arrived at with regard to these 

primary splenic neoplasms. The reagents and order of application 

thereof have been previously published (McGraw-Hill, 1949) and 

these techniques were strictly adhered to.

All slides were reviewed under light microscopy, by 

myself and when deemed necessary by Dr. Duggal. Subjective 

ratings were imposed upon the sections depending upon the 

degree to which a certain morphological feature was exhibited 

within the section. These ratings were:
t (’’plus-plus”)-Denotes a high degree cf positivity for specific 

morphological determinant exhibited in section

+ (’’plus”) --Denotes a moderate degree of positivity for the

specific determinant exhibited within the section

- (’’plus-minus”)-Denotes certain areas of section exhibited pos

itivity for the specific determinant while others

did not

-Denotes no positivity for the specific morphologi 

cal determinant exhibited within the section

(’’minus”)
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More specifically, sections stained with Masson’s Trichromic 

Method were checked for the degree to which myogenic specific 
cells (red appearence under light microscopy) appeared, and 

also the degree of collagen maturation (blue appearence under 
light microscopy). The splenic tissue sections stained 

with Gomori’s Reticulum Method were scrutinized for reticulum 

formation, with a ’’plus” rating being given when distinct 

reticulum fibers were noted within the section. Sections 

stained immunologically by PAP techniques specific for 3100, were 

assayed for the appearence of a magenta-red color under light 

microscopy. This red color is the result cf the reaction between 

the chromogen, ASC, and the peroxidase present in the third 

tier of the multiantibody complex. A ’’plus” rating was 

assigned to sections in which red color was observed. The 

intensity and distribution of the red staining was the parameter 

by which sections which were positive were assigned a specific 

(i.e. a ’’plus-plus”, a ’’plus”, or a ’’plus-minus”) rating. That 

is, a ’’plus-plus” rating was given to sections which stained 

intensely and had an even distribution of the AEG chromo- 

men-neroxidase reaction complex, a ’’plus” rating was given to 

sections which stained intensely, but exhibited isolated poc

kets of distinct foci of the AEC-peroxidase reaction product, and 

a "plus-minus” rating was given to sections showing an attenuated 

reaction to the addition cf AEG to the multiantibody complex.

Of course a "negative” rating was assigned to sections which
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showed no formation of the AEC-percxidase complex, and there

fore were assumed to be devoid of 3100 ant.?'sen. ’"his 

’’plus-plus’’, ’’plus”, ’’plus-minus”, an’ "minus” rating system 

was also used to distinguish the presence, or lack thereof, 

of myogenic, as well as collagenous entities within the sections 

stained by Masson’s Trichrcmic Method.
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Table V. Results of three stain in~ methods

applied tc sections of eight neoplastic

spleens of beagle dogs

NASS ON ’3 T R T CH R O’'g
DOG NO. SEX SECTION NO. MUSCLE COLLAGEN COHORT’S PA t 3100

0471 K 1 4 4 -
1370 H 1 4 4 -

1924 F 1 — — 4 4
2 - 4 -
3 4 -

2074 1
2 * I 4

4
-

3 - - 4 -

2293 H 1 4 4 -
2 - 44 -

2377 F 1 - 4
4

2444 T/T 1 4 4 + 4

3300 M 1 - 4 -

Nevus Negative -
Human Control

Nevus Negative 44
Human - Control
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RESULTS

As can be seen by inspection of Table V, only three speci

mens, 1924-1, 2377-1, and 2444-1, exhibited positivity for the 

SlOO antigen with the most intense chromatic reaction to the 

FAR technique being shown by 1924-1. 2377-1 and 2444-1 showed

a degree of positivity which was somewhat less than that shown 

by 1924-1. Although 1924-1 did show positivity for the assay 

of 3100 protein, this positive reaction was restricted to the 

lymphoid follicles within the splenic tissue mass. The posi

tivity exhibited by both 2377-1 and 2444-1, while no doubt 

present, was vague and ill-defined. No other sections exhib

ited positivity toward the PAP 3100 immunohistochemical stair.in 

method.

Reticulum formation was demonstrated in all eight dogs, as 

evidenced by the positive rating given each section after ex

posure to Oomori’s method. 2293-2 manifested the greatest 

degree of reticulum formatior as is evidenced by the "plus- 
plus” rating given to it.

Only two sections, 1924-1 and 2444-1 exhibited any degree 

of muscle cell formtion, as evidenced by Massons’s trichromic 

method. In the case of 1924-1 this positivity was pronounced 
and well defined (i.e., a ’’plus” rating), but in 2444-1 the 

muscle cell manifestation was less pronounced and quite spotty 

(i.e., a ’’plus-minus” rating).

Only one specimen,2074-3, showed any great degree of col

lagen formation when tested with Masson’s trichromic method. 

This section was given a rating of ’’plus”, whereas six other
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sections ( 0471-1, 1^70-1, 2074-1, 2074-2, 2293-1, and 244-1) 

which exhibited collagen bundle formation to a lesser degree 

were assigned a "plus-minus” rating.

Table V also illustrates the fact that both cf the nevi 

control sections exhibited the proper reactivity. That is, the 

negative control nevus showed no S100 antigenic staining when
• exposed to the PAP method, whereas the positive control nevus

exhibited a uniform and highly chromatic reaction when exposed 

to the PAP 3100 antibody method. Because these two control 

sections behaved as would be expected, given, their respective 

treatments, it can be stated with a great degree of confidence 

that the methodology of applying the PAP technique, as well as 

the integrity of the reagents themselves appeared to be unflawed 

in any manner.
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DI3CU3SI0W AND CONCLUSIONS
Sections

Results obtained in this examination of primary soft tissue 

neoplasms of the spleen in eight canines tend to discount the 

possibility that malignant Schwann (neural) cells are associated 

with the genesis of such tumors. That is, the results obtained 

by PAP, 3100 specific methods do net implicate neurogenic el

ements as the cells of origin of these irradiation induced neo

plasms. This conclusion is in direct contradiction to the 

diagnoses of '’neurogenic sarcoma" which Lombard et al. (1975) 
made for three (0471, 1770, and 2074) of the eight dogs eval

uated in this study (Table II). More specifically, with re

ference to Table V, it can be seen that 0471-1 exhibited no 

positivity when exposed to the PAP 3100 method. The inability 

to demonstrate the presence of the 3100 antigen within this 

section placed Lombard et al’s. (1975) diagnosis of neurogenic 

sarcoma in serious doubt. The demonstration of collagen within 
the section seems to support Duggal et al’s. (1975) interpre

tation of this lesion as being fibrosarcomatous in origin. 

Interpretation of sections 2074-1, 2, and 3 closely parallels 

that of 0471-1, in that the negativity exhibited for the presence 

of 3100 antigen is again in direct conflict with Lombard et al’s. 

assignment of a neurogenic origin to the sarcoma, and the presence 
of collagen within the sections (i.e., - to -) supports Duggal 

et al’s. fibrosarcomatous assessment of the tumor. In Bunte’s

(AFIP, 1975) view, the sections from 2074 were thought, under
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electron microscopic evaluation, to contain an excellent 

example of a Schwann cell. The manifestation of this neurogenic 

cell type in the sections from dog 207>+, was thought, by Hunte, 

to represent a pre-existing, non-neoplastic cell which had 

become entrapped within the neoplasm. The observation regarding 

the presence of a Schwann-type cell within the tumor, coupled 

with the fact that the 3100 antigen was net demonstrated within 

the section, supports the hypothesis that, the lack of endogenous 

S100 positivity within the sections is due to the incompatibil

ity between the methods employed to fix (and embed) the tissues 

and the preservation of the 3100 antigen. However, this prob

lem will be treated in greater detail elsewhere. While Duggal 

et al’s. diagnosis of fibrosarcoma seems to be in accordance 

with the evidence obatined from collagen formation, they go 

an extra step in noting that the neoplasm exhibits extramedul

lary hematopoiesis (SI-TH). This EKH phenomena exhibited by the 

splenic tissue seems to be an adaptive response by the animal 

to extensive damage which is incurred by the normal hemato

poietic stem cells within the bone marrow after exposure to 

prolonged, ionizing radiation. Therefore, the SI-TH reported 

by Duggal et al. is not interpreted as differentiation toward 
a hemangiomatous type of lesion (i.e., angiosarcoma of hemangio

endothelioma), but rather a result of the adaptive response 

shown by the beagle when it’s normal hematopoietic tissue is 

incapacitated by radiation damage (Duggal, personal communi

cation, 1936). The results obtained for S100 staining cf
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1970-1 were also negative. Lombard et al. (I9d5) had assigned 

a neurogenic sarcoma diagnosis to this case. The difference in 

this instance is that Lombard et al. also examined this case 

with the aid of electron microscopy. Using the electron micro

graphs, they were, on the basis of microtubular and microfil- 

amentous arrangements, ...along with the relative absence of mvomen- 

ic determinants, able to rule out the diagnosis of leiomyosarcoma 

but they state that ’’fibrosarcoma cannot be completely eliminated 

due to the possibility of incorporating neural elements within 
the tumor.” (Lombard et al., 19$5). Lombard et al. also postu

lated that because that the majority of neoplasms involved the 

hilar region of the spleen, it may be reasonable to consider the 

splenic plexus as a potential site for the origin of neurogenic 

sarcomas. Given these two arguments: 1) The possibility of the 

incorporation of non-neoplastic neural elements within the 

tumor mass, and 2) The involvement of the highly enervated 

hilar region of the spleen, with most of the tumors; one may 

also argue that the electron microscopic evidence cited by 

Lombard et al. in support of a neural origin for these neoplasms, 

is nothing more than the manifestation of non-neoplastic, 

hilarly located neurogenic elements which have been entranced 

by the invading neoplasm. This interpretation of Lombard et al’s 

electrom micrographs is given sunport by the fact that Luse 

bodies were demonstrated in only on of the five cases which 
were subjected to electron microscopic evaluation (Lombard 

et al., 1975).
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hunts’s (AFIP, 1974) notation of ”difilerences oi opinion

about the ultrastructural features’’ regarding the splenic 
neoplasm of 1370, coupled with his observation of fibroblastic- 

type, myoblastic-type, undifferentiated mesenchymal ceils, 

along with Schwann-type cells being present within the sec

tions, also argues against Lombard et al’s. neurogenic diag

nosis, but favors Duggal et al’s. diagnosis of mixed mesen

chymal sarcoma. Therefore based upon the lack of 3100 

immunogenic positivity, and backed by evidence generated

during AFIP examinations, I feel Lombard et al’s. (1935) 

diagnosis of neurogenic sarcoma must be reevaluated. That is, 

although my own personal histopathological training and knowl

edge is minimal, based upon the fact that no 3100 antigenic 

activity was exhibited by the sections, I feel that the diag

nosis of neurogenic sarcoma, for dogs 0471, 1320 and 2074 must 

be questioned and the sections reexamined.
The three sections (1924-1, 2372-1 and 2444-1) which were 

observed to exhibit some degree of positivity for the 3100 

antigen, can be treated together. The positivity of these 

sections was limited tc distinct lymphoidal follicular areas 

within the splenic tissue. The reason for this positivity is 

due to the histiocytic origin of these cells (Duggal, personal 
communication, 193$)• Histiocytes have been shown in another 

study (Kahn et al., 1933) to exhibit a positive reaction when 

stained with PAP-S100 specific techniques. The positive 
reaction exhibited by sections 244-4-1 (i.e.-) and 1924-1 (i.e. +)

stained for myogenic determinants by Hasson’s Trichromic Method
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meshes nicely with the possible lieomycsarcoma diagnosis put 

forth by both Bunte (AFPI, 1955) and Duggal et al. (1955).

Over all, these three sections are best characterized as beirir 

highly pleomorphic and all exhibit features representing, dif

ferentiation toward a multiplicity of cell types (Bunte A "IP, 
1955).

Sections 2203-1 and 2 and 2293-2 although negative for 

3100 antigen, are closely related to sections 2A-A-4-1, 1Q2A.-1 

and 2377-1, and therefore will not be discussed at any length,

Axcsub tc note tho'r too stp thought tc exhibit 3 hi oh de^’v'Ae 

dAovr'03o’Ahisn} •

Section 3590-1 was interpreted by Duggal et. al. (1955) to 

represent a definate neurofibrosarcoma (malignant Schwannoma). 

Duggal et al. noted extensive infarctions and consouenu necrosis 

within the splenic tissue sectioned. Because of the extensive 

necrosis exhibited in this tissue, I feel that the lack of 3100 

positivity may be dscribed to the loss of teritary structure by 
intracellular proteins (i.e., S100 antigen) which often accom

panies such necrotic states. It is my opinion that based upon 

the extensive degree of necrosis exhibited by this section it 

would be imprudent to discard the neurofibrosarcoma diagnosis 

put forth by Duggal et al.. Further I feel, based upon the 

high degree of cellular degeneration within the section, Dr. 

Duggal’s highly specfic diagnosis is perhaps in error. That 
is, if the results of the 5190 PAP staining which were observed 

in this particular section are to be questioned on the basis of 

necrotic changes within the cells, the highly specific diagnosis
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of ’’neurofibrosarcoma”, forwarded by Duggal et al. should also 

be scrutinized, because it was made from the same sub-optimal 
necrotic tissue.

The positivity which the eight dogs exhibited for reticulum 

formation when stained with Gomori’s method, is thought to rep

resent the reticulum fiber pattern which is inherent to the 
splenic stroma (Duggal, personal communication, 1936). There

fore, the role which this particular staining method will play 

in determining a final diagnosis for these, canine tumors seems 

relegated to the demonstration of reticulum fiber patterns which 

are distinct in a specefic type of neoplasm.

The relative lack of SlOO antigen positivity seen within 

these splenic neoplasms can be accounted for in one of three 
ways: 1) No 3100 antigen was present within the tissue; 2) The

methods of fixation and embedding employed were not conducive 

to the preservation of the tertiary structure of the SlOO antigen 
or 3) The degree of undifferentiation of the cells within the 

tumors was so great that the cells were not yet mature enough 

to have phenotypically exhibited the SlOO antigen. Although 

the first clause is self-explanatory,.the other two deserve 

some scrutiny.

The fixation of the canine tissues included in this study 

was accomplished by submersion of the tissues in a 10;? buffered 

formalin bath and the duration of their fixation was often days 

or even weeks. The sections used as controls in this study were 

not of canine origin (i.e., human nevi), but they also were 

fixed in formalin and embedded by standard paraffin methods.
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It is well known that manv antigens are denatured bv nrolon^ed 

fixation times. Taylor et al. (197$) have stated that not all 

antigens survive the process of fixation and embedding to the 

same degree, and that prolonged fixation reduces the staining 

intensity of PAP’s directed against lysozyme, and lactoferrin 

antigens. Loeffel et al. (19$5) have put forth the possibility 

of using frozen section preparations as a means of insuring 

and maintaining antigenic integrity. I cannot advocate the use 

of cryostatically prepared sections for the simple reason that 

the neoplastic splenic tissue in this study has already, as is 
the standard necropsy procedure at Argonne, been fixed in 107 

formalin and embeded by paraffin methods. This fact not with

standing, I would propose that the Argonne beagle toxicology 

project attempt the utilization of cryostatically fixed 

sections in future cased of primary splenic neoplasia which might 

occur in the dogs. Although I feel that the use of scryostati- 

cally prepared sections is a vaiable option for future employ

ment within this study, I additionally think that the problem of 

S100 denaturation may be resolved by standardization of fixation 

times. This standardization would allow for maximal reproduci

bility of results. A concern which is echoed in the literature 

accompaning the PAP 3100 immunoreactive kit, obtained from 

Miles Scientific. In the booklet entitled "Tissue-Tek Immuno- 

histologic Kit for S100 Protein”, the Miles company recommends 
the use of 10$ buffered neutral formalin as a fixative, but 
states that the tissue should not remain in the formalin for
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more than twenty-four hours. This last procedure is not strin

gently adhered to at Argonne and consequently the SlOO antigen 

may be denatured by the prolonged exposure to the formalin. 

Although Miles Scientific attests to the compatability between 

the use of paraffin sections and the PAP 3100 staining procedure, 

the standard paraffin embedding technique which these sections

• were exposed to, utilized temperatures in excess of fifty degrees 

Celsius, and at temperatures of this magnitide there exists the 

possibility that the 3100 antigen may be denatured. The positi

vity of the nevi sections -which were subjected t’o the same 
standard embedding procedures (i.e., temperatures in excess of 

50° C) seems to counter this fear.

With regard to the connection between the degree of dif

ferentiation exhibited by the neoplasm, and the positivity which 

it exhibits for SlOO specific staining procedures, Kahn et al. 

(1QS3) have noted that in neuroblastomas the greater the degree 

of neural differentiation exhibited by the neoplasm, the greater 

the number of cells exhibiting positivity to the SlOO antibody. 

Therefore, because the tumors in this study have been charac

terized as highly undifferentiated, the possibility that they 

do not express specific phenotypic determinants, such as the 

3100 antigen must be entertained.
• A number of authors ( Kahn et al., 19^3; Hajdu, 1979; and 

Lombard et al., 19^5) have noted that the Schwann cell appears 

to exhibit a degree of pluripotency. This pluripotential when 
examined in view of the great degree of undifferentiation which 

characterized these neoplasms, may offer a possible explaination
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for the extreme fibrosarcomatous nature of these tumors.

Outlook

In light of this study the final diagnosis of these irradi

ation induced primary splenic neoplasms remains, very much a 

mystery. Yet, I feel that the relative negativity exhibited by 

the tumors to the application of a more or less specificneuro- 

genic determinant staining procedure (i.e., PAP S100) lends 

itself to the conclusion that these tumors have their origins in 

other than neural (Schwann) cells. Before this conclusion can 

be accepted as fact, either more rigid methods of fixation and 

embedding must be followed, o^ the use of cryostatically fixed 

sections must be applied to sections which will be immunochemically 

(i.e., PAP) stained with the 3100 specific stains. Another pos

sible method for ascertaining the exact diagnosis (i.e., cell of 

origin) for these tumors lies in the extensive use of electron 

microscopy. Towards this end, Dr. Fritz has entered into a col

laborative effort with Dr. Raouel Fresco, Department of Pathology, 

St-rich School of Medicine at Loyola University. Dr. ^resco has 

been provided with specimens from a number of do.gs diagnosed 

as exhibiting these primary splenic lesions, but at the time of 

this writing, the electron micrographs are not yet available from 

Dr. Fresco.
In closing I would like to put the problem: of establishing 

a fixed diagnosis in cases such as the above in the proper pro
spective. Taylor (19^4) states that "...histologic diagnosis 

represents an opinion that, however well founded, is nonetheless 

subjective." Therefore when pathologists are unable to reach a
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confident diagnosis it is often. necessary tc "'esor>^ 'l_c another* 

stain in order tc validate a histologic orinior. Today such 

staininm techniques often times involve the immunohistochemical 

evaluation of the specimen. The limiting step in this immuno- 

s'tain'ing is the proven specificity of the primary (i.e., Tier 
I) antibody. This being true, the TAP technique utilized in

this study, and ccm.rrise polyclonal antibodies
isolated and purified from immunized•mammal serum) will one day 

soon seem ancient and archaic, because of the development of 

monoclonal antibody techniques.

The advent of monoclonal technology will allow fon the 

mass production of idicpathically identical, homogeneous re

agents, which may be directed against specific individual anti

genic determinants. The ability to perform specific immune- 

stains may one day elevate the art of histologic diagnosis 

into more of a scientific endeavor (Taylor, 19^4)» and possibly 

even allow for final diagnosis of these canine neoplasms. Prob
lems such as denaturation of antigens (by fixation and embedding) 

and cross-reactivity of the antibodies (the same antibody 

will recognise specific subpolypeptidal amino acid sequences 
■which are shared by two or mere families of proteins), have 

been reported by Loeffel and his colleagues (19^5).
In view of the methods employed tc fix (i.e., 19g formalin) 

and embed (i.e., pariffin) the tissues, the use of polyclonal 

antibodies may be prefered in this study. The 3199 antimer may 
halve been denatured to a certain detree by the relatively harsh
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preparation methods. Therefore, the use of purified polyclonal 

antibodies which would recognize a number of epitopes along the 

antigen, increases the chance of immunologically labeling the 

slightly denatured 3100 antigen. This ’’shotgun" approach could 

be the best possible method when dealing with slightly denatured 

antigenic sites.

The final characterization of these neoplasms will continue 

to be of primary interest to Dr. Fritz and his colleagues at 

Argonne, and this characteerizatior. will no doubt involve the 
use of: 1) Avidin-biotin methods of application of monoclonal 

antibodies to the neoplastic spleens, correlated with, 2) Ex

tensive and exhaustive electron microscopic evaluations of the 

same sections. But, fixation and embedding techniques which 

are compatible with the preservation of 3109 antigenis integrity 

must be employed before the result of any immunohistochemical 

staining method can be accepted as truth. This qualification 

applies not only to polyclonally based systems, but also to the 

monoclonally based stains.
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POST MORTEM REPORT

REPORT DATE : 6/ 5/85

DOG NO. 1890

SCHED. CLASS. : 10T04000

ASSIGNED : 05/09/70*★★★★★★★★★★★★★
CAUSE OF DEATH

SPLENIC SARCOMA W/METS

• Verification Signature of Prosector s

PROTOCOL - FULL NECROPSY

Sex : M

Date of Death : 03/26/78 Time of Death : 700

Date of Post Mortem s 03/26/78 Time of Post Mortem s 930

body height at Post Mortem : 101 00

Anesthesia • NO ANESTHESIA

Prosector s D.V. TOLLE

Recorder s D.V. TOLLE

Tissue Fixative(s) •

Primary : BUFFERED NEUTRAL FORMALIN 

No Photographs Taken 

No EM Samples Taken

No Tissue Imprints Taken
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POST MORTEM REPORT (continued)
Report Printed : 6/ 5/S5
DOG NO. 1890
Page No. 2

NO. OF JARS 3

)RGAN WEIGHTS s

Organ Weight

ADRENAL L NO WT.

ADRENAL R NO WT.

AORTA NO WT.

BRA IN NO WT.

ESOPHAGUS NO WT.

GALLBLADDER NO WT.

HEART NO WT.

KIDNEY L NO WT.

KIDNEY R NO WT.

LIVER NO WT.

LN ILIAC NO WT.

LN MRPH NO WT.

LJNG NO WT.

M DIAPHRAGM NO WT.

PANCREAS NO WT.

PIT. (ng.) NO WT.

PROSTATE NO WT.

SKIN NO WT.

SPLEEN NO WT.

STOMACH NO WT.

TESTIS L 6.5

TESTIS R 5.4

No. No.
Fi xed Tri mmed

No. Special 
Slides Stains

3

3

2

1

2
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POST MORTEM REPORT (continued)
Report Printed : 6/ 5/85
DOG NO. 1890
Page No. 3

NO. OF JARS 3

)RGAN WEIGHTS s

No. No. No. Special
Organ Weight Fi xed Tri mmed Slides Stains

THYROID L NO WT. 1 1___ 1 1___ 1 1___ 1

THYROID R NO WT. 1 1 1 1___ 1 1___ 1

TRACHEA NO WT. 1 1 I 1___ 1 1___ 1

PERI NO WT. 2 1 1 1___ 1 1___ 1

UMBI NO WT. 2 1___ 1 1___ 1 1___ 1

TOTALS 35

CERTIFICATION (SLIDE PREPARATION) l_l COMPLETE I__ I INCOMPLETE

IF INCOMPLETE, PLEASE EXPLAIN ____________________________________________

SIGNATURE OF HISTOLOGIST : ____________________________________________

(Note that this sheet remains with the tissues during processing 
and is returned with complete set of processed tissues, including BONE.)
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POST MORTEM REPORT (continued)
Report Printed * 6/ 5/85
DOG NO. 1890
Page No. 4

GENERAL COMMENTS (hi story,background,etc.)s

BLOODY ASCITIC FLUID HAS BEEN DRAINED IN PAST & HAS BEEN NOTED AS 
HAVING HEMOTHORAX.

NO OBSERVATIONS

POST MORTEM FINDINGS s

-Topography- -R/L- -Morphology-

NECROPSY PERFORMED / TISSUES TAKEN 
FOUND DEAD AT 7:00. LT & RT TESTES ARE ONLY ORGANS WEIGHED.

SPLEEN NEOPLASM
12CM FIRM PINK-WHITE MASS W/NECROTIC CENTER. (INVOLVES ABD.VISCERA)

TRACHEA EFFUSION
CONTAINS BILE-STAINED FROTH.

LUNG
MARKED IN LEFT; SLIGHT IN RIGHT.

CONGESTION

LUNG HEMORRHAGE
LEFT LUNG OOZES FROTHY BLOOD UPON SECTIONING.

GALLBLADDER
SMALL TUMOR IN WALL.

NEOPLASM

ESOPHAGUS
CONTAINS BILE-STAINED FROTH.

EFFUSION

TESTIS L
SMALL FIRM NODULE, ON SECTION.

NEOPLASM

CEREBROSPINAL FLUID
EXCESS FLUID.

HYDROCEPHALUS

LATERAL VENTRICLE
2-2.5X NORMAL SIZE.

DILATATION

CAVITY, THORACIC
CONTAINS ~4 0CC OF BLOODY FLUID.

HEMORRHAGE

CAVITY, PERITONEAL EFFUSION
400CC OF BLOODY ASCITIC FLUID IN ABDOMEN.

CAVITY, PERITONEAL NEOPLASM
SPLENIC MASS INVOLVES DIAP, STOM, PANC. DUOD, MESE & MESE.LN'S.
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POST MORTEM REPORT (continued)
Report Printed * 6/ 5/65
DOG NO. 1690
Page No. 6

Histopathologist Signature «

Histopathology findings s
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