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CHAPTER I
INTRODUCTION

Bovine lymphosarcoma is a neoplastic disease which is believed to
arise .in lymph nodes or-in other lymphoid tissues. In the early stages
of the disease, there is often no recognizable neoplasti; manifestation
in the blood or bone marrow’eééh though the tumor may be present in
several lymph nodesvdr,organs. This would suggest a multicentric origin
fop‘those cases With earlyvmultiple lesions. It is in the.morefter~ B
minal“Stages of tﬁé.diseése that_néopiastic Qells_are apt‘toﬂBe recog-
niied'in.thecblqéai_ Most iﬁve§£igétde'conéidertfhétjmétastaseé caﬁj
oééuffin:ét.lééSt tbi§;térﬁiﬁél éfage;' Léukémié is uséd:ip:tﬁisvstﬁdy

'Ed ﬁééignaté.the-préSépée:bf neoplaétiévcelislinvthevﬁlbod.‘: :

v'3 Ihi§ studynﬁas:ini;iafed-fp_fécogﬁize this;IAté'stége.andfto ¢om; :
parexthe terminai aitefatioﬁ§'Qf;the in?élVed tissues Witﬁ'thé hgméﬁo;1 .
logieal andsélinich findiﬁgé. _Obserﬁations concerning the devélopment
of lymphocytosis;»leukopenia, leukemia and anemia were inéluded in these .
hematologic exéminatioﬁs. Cytologicbgroupings of néoplastic lymphoid
cells into prolyﬁphocytic, lympﬁobléstic;reticulum cell énd,lymphocytic
typeé\were made  to aliow a compariSonvof data in order to determine if
fhere‘were,variatioﬁS'in’findings for each type. Hemétolégic smears as
well as tiésue sections wére studied in making these groupings. In

addition to conventional stains, preparations were made with.acridine



orange to evaluate‘the use of nucleic acid differential staining in
recognizing neoplastic cells. This staining was attempted to see if it
would be helpful in differentiating atypical or immature lymphocytes
since several investigators have concluded that such cells cannot be
separated morphologicaliy from neopiastic‘lymphoid,cells.

It was desired also to'éstablish the presence or absence of the
neoplasms in anatomic sites other than lymph nodes in the late stage.
- This was considered important as a means of speculating whether there
was a significant correlation between involvement of one or more sites
and the terminal hematoiogic manlfestations. A secondary correlation
was made with the age and clinical observations on the animals as it
‘was;copsidered that there might be a relationship between age and the-

primary sites or metastases of the tumor.



CHAPTER II

REVIEW OF SELECTED LITERATURE

Lymphosarcoma is the designation used . in this study to describe
malignant tumors of lymphoid tissue of cattle.- Other names that have
been considered acceptable by some writeré or used to depict some unu-
sual feature manifested by tumors found in this group inclqde lympho-
cytoma, malignant lymphoma, reticulum cell sarcoma, leukemia, leukosis

~and pseudoleukemia. (Mbultoh, 1961). - A diagnosis of lymphoma or benign
lyﬁphOid tumhrfis not made in'mdst etudies, apparently, heeauee there
is early mallghaht tranaformatlon,.and the lesions would be practlcally
1ndlst1ngulshable from lymph01d hyperp1a51a and other prollferatlons of -

lymphoid.tissues. »(Runnells_et.al., 1960; Smith, l962;,Mou1ton, 1961).
.Incidence at Different:Ages'

All‘ages atebsusceptlble to the dlsease; although it occuts more
frequently in adult cattle than the younger ones._ (Smlth, 1962). The
great maJorlty ef cases involves cattle between' the fifth.and,eighth
years of:age. (Jhbh ahd.Kennedy, 1963). Moulton (1961)>pointed_eut

that the average age of animalé with lymphosarcoma is 4 to 8 years.
Breed and Sex

Lymphosarcoma shows no breed prevalence, but it is seen more ‘in



female than in male cattle, This sex difference is possibly due to the
fact that more females are allowed to live to the peak age of tumor inci-

dence. (Moulton, 1961).
Symptoms

 The symptomatology manifested varies in accordance with the organs
andbparts of the body affected. (Smith, 1962). The disease may have an
insidious onset with such variable symptoms as weakness, d&spnea,
capricious appetite or digestive disturbance, abnormal cardiac function
including right-sided failure, anemia, protrusion of the eyes, posterior
paresis or paralysis, intermittent fever and enlargement of the super-
ficial lymph nodes. (Cotchin, 1956).

The'most significant manifestation is the pronounced enlargement

of palﬁable lymph nodes, including the lumbar group which can be
examined ﬁer rectum. Enlarged lymph nodes are noticed in more than half
of the bovine cases presented for diagnosis. (Smith, 1962; Squire,
1964). The prescapular nodes appear to be particularly éﬁsceptible.
Bilateral enlargement of superficial lymph nodes frequently occurs.
(Cotehin, 1956).' Jubb and Kennedy (1963) stated that generalized
in&olvementvof'lymph nodes is.less cemmon in adult and aged cattle than
in youngef animals.blln some cases, only one superficialbnode will be
enlarged, or poeéibly the only enlargement is‘deteeted when rectal pal-
patioﬁ ie perfermed. Smith (1962)‘stated that enlarged nodes are firm,
relgtively peinlesé and meveble.‘ Posterior paresis may occuf due te
infiltration of the.lumbosacrai regien of the vertebral celumn and pres-

' sure on.the éﬁinal cord. (Monlux et al., 1956; Moulton, 1963; Jubb and



Kennedy, 1963; Innes and Saunders, 1962; Squire, 1964). Neoplastic
infiltration of gluteal and sciatic nerves may also cause posterior
paresis. (Moulton, 1961)., Pressure on nerves from tumor masses in the
abdominal and pelvic cavity is described. (Moulton, 1961; Cotchin,
1956; Squire, 1964).

Interference with respiration may occur due to enlargement of lymph
nodes of the thoracic inlet. (Smith, 1962).

Obscure digestive disturbances may develop due to diffuse infil-
tration of the mucosa and submucosa of the abomasum and/or other seg-
ments of the-gastro—intestinai tract with neoplastic cells of lymphoid
origin. The animal may have diarrhea, varying degrees of bloating, and
the‘feées mayvbe.watery and_bloody due to ulceration of the abomasum.
_(Jubb ;nd7Kennedy, 1963). |

;vCaidiag_iﬁsufficiency;dde.to invasion of cardiac muscle by neo=-
pléstic;cellsbié oBseryea. :(Smitﬁ, 1962). This may lead fo symptoms
éiﬁ@laﬁing:traumatié pericérditis or active endocafditis with seéohdary
 1ymphaaenitis{‘ (C§téﬁin,vi956; Juszand Kennedy; 1963) . Thebaﬁimal.may
shoW:réﬁid, irfegglé? pﬁléé; diétenSidn and pulsation of jugular veins,
chroﬁié;geﬁgrél paséi&evhyperemia or edema. (Moulton,_1961); Furfher—
mdfe; siﬁus.téChycardia énd’presyStolic and systolic murmurs have been
described. .(Squire, 1964) .

Protruéion of the eyes.-may occur due to orbital invasioh‘by tumor
cells, (Feldman, 1932; Cotchin, 1956; Moulton, 1961; Jubb and Kennedy,
1963). This is almost always due to a deposition of neoplastic cells in

the retrobulbar tissue. (Jubb and Kennedy, 1963).



Sites and Gross Appearance

Lesions are present in 1ymph.nodes in about 98%‘of the affected
animals. (Moulton, 1961; Squire, 1964). Both parietal and visceral
lymph nodes are affected. The visceral nodes, particularly the internal
-iliac‘and.mesenteric lymph nodes, are involved more frequently than the
parietal nodes., (Moulton, 1961). In most severe cases, tiny, unnamed
lymph nodes become sizeable nodes, and the named nodes in these cases:
become several times larger than normal. (Runnells et al., 1960). A
few animals show massive .enlargement of the thymus, posterior cervical
or anterior mediastinal lymph'ﬁbdes, with or wifhout other lesions.
(Moulton, 1961). Some cases had a massive tumefaction of sublumbar,
renal and internal iliac lymph nodes with extension into adjacent sub-
lumbar tissues. (Monlux et al., 1956). Moulton (1961) describes the.
consistency of affectéd lyﬁph nodes as compact or putty-like. They are
eitﬁer'grayish—whité;.palé yellow or pale pink in color. The enlarging
parenchymafbﬁlges gfeatly:when tﬁé node is cut in half. The bulging
pare@éhima is‘g£ayish and’puip¥iike in4consistency. Small hemorrhages,
fdéivéfbgfayisﬁ;ielioﬁ caseous'necrésis and areas of ﬁixeﬁ hemorrhage
and;ne¢rdsistméy7bé'prpmineﬁt'in these nodes. (Runneils‘gg_gl,, 1960) .
Tﬁe ini£iai,gfpssléhaﬂgeé‘Séén‘in most lymph nodes are the deVé1opmeﬁt'
of diécfeﬁe, bﬁlgiﬁg,'whiﬁe nodulés inrphe cortex. These enlarge and
'éoaiesce-to fqrm a structurélesétﬁéss whichveventually ruptﬁres the
capsﬁleLand may become éonflﬁént_with'othérvnodes to form massive neo-
pléstic growths. (Sqﬁire,-1964).

Lymphoéércoma in the lung is due to metastases or secondary growth

of the lesion from adjacent lymph nodes. (Feldman, 1932).



The wall of the abomasum is the most frequent site of involvement
in the gastfo-intestinal tract. Moulton (1961) recorded abomasal
involvement in 90% of the cases he reviewed. There is often a marked
infiltration of the submucosa with frequent involvement of the mucosa
and muscﬁlaris. The ébomasal wall may become markedly thickened and
irregular. The mucosa usually remains intact over the neoplastic tis-
sue but focal ulceration may occur. (Squire, 1964). When any part of
the digestiﬁe tube is invaded, the process seems to spread into the wall-
from the serosal side. (Fincher et al., 1956; Smith, 1962). Intes-
tinal stagis or perforating gastric ulcer may occur due to extensive
neoplastic invasion. (Smith, 1962). The anmasal growth may be dif-
fuse or nodular. The diffuse infiltration produces a more or less
uniform layer of tumor in the submucosa, especially in the fundus and
body. The spiral plicae are converted into thick, nonpliabie folds.
The nodular formations may be 5.to 6 Em. or more in diameﬁer. Cone
shaped necrotic ulcerations may develop, especially in the pyloric
region. (Méulton, 1961; Jubb and Kennedy, 1963). Cross sections of
the neoplastic masses havg the grayish—white appearance of fat but have
a firmer tekturéf. (Jubb and‘Kennedy; 1963). Ulcers are p;obably due‘
_tq'iscﬁémia‘resulting from obliteration of submucosal blobd:vessels by
the tumor. '(.Moulton, 1961) .

: InVoifeméﬁt'of the'liVer‘is usually diffuse with‘marked infil-
tratioﬁvofvthe portél areas, imparting a distinctbmacroscopic_pattern
to‘the 1obuiar archifecture{ tSqﬁire, 1964). In'the fina1‘stages,>a
more geﬁéralized'infiltratidn prodﬁces a greatly eniarged liver With

rounded edges, a taut capsulefand’abnormal'friability. (Jubb and-



Kennedy, 1963; Squire, 1964). The hepatic infiltration in some cases
appears as discrete nodules. (Jubb and Kennedy, 1963).

Moulton (1961) confirmed the impression of most investigators that
splenic lesions are not as frequent as lymph node or heart involvement.
He found splenic involvement in only 48%Z of his cases. FSplenic,lesions
may be both focal and diffuse. (Moulton, 1961). The spleen may be
greatly,enlarged,or may be entirely normal grossly and histologically.
Thevsize of the spleen is not a criterion of its involvement, since a
spleeﬁ of normal size may be free of the neoplasm or diffusely neo-
plastic. When a neoplastic spleen is enlarged, it is firm, and the
capsule is taut and may rupture with fatal hemorrhage; (Jubb - and
Keﬁnedy, 1963) . Cotchin (1956) pointed out. that in East Prussia most
cattle with 1ymphqsarcoma héd éplenic rupture. The 3p1enic changes
of ten commence in the lymphoid follicles, reSulting in grossly apparent,
raiséd; pale nodules. '(SQuire; 1964) ., These follicular nodules are
/ evenly‘scattéred:through fﬁe dark spienic pulp. (Smifh, 1962) .

The heart'is frequently‘inVolved in the bovine_speties?ﬁ Mbglton

<i961) éuégééts{thatléardi;c inyolvemeﬁt occurs in 76Z‘of_fecogﬁizable
vgéées,whiie1M5rSHak’ggiél;ﬁ(l962).indicate that 897 of_tﬁe:cattle in
‘theifqinveStigati;ﬁs had'lésiohs in the-heart. Bothfnodular aﬁd:diffuse.
in&ééiéﬁ:of;fhe atrial:and:veﬁtficﬁiar myocafdiumvéccurs. (Moﬁlﬁon,’  
1961); \Tﬁe.lesioﬁ is:usually confined‘tovthe bés¢ Qf-the héartvénd_thé
wali,of;the étriaKWifh océésiodal extension to-tHevventriéles; (Smith,
1§62),  Thé‘rigﬁt aﬁricie is most»dften‘affécted; <Jarplid, 1964). The
lesionS'sometimeé are distinct-nodules of soft, homogenous, whitish

tissue or are represented by narrow pale streaks in the myocardium



between the muscle bundles. (Jubb and Kennedy, 1963). Jarplid (1964)
pointed out that 7 of 9 calves with lymphosarcoma did not have macro-.
scopic cardiac lesions in his study while only 6 of 21 older cattle were
free of heart involvement.

The kidney may show interstitial infiltration resulting in either
diffuse enlargement or discrete masses. (Squire, 1964). Moulton (1961)
reports 53% of the animals with lymphosarcoma which he studied had
kidney involvement, The tumor cells invade the interstitial spaces and
eventually replace the tubules., The glomeruli are the last to disappear.
(Feldman, 1932). When tﬂe nodular lesions are grossly visible, they
are numerous and poorly defined, although occasionally they project
hemispherically above the surface. The capsule is not adherent. If the
invdlveﬁent is diffuse, the organ is enlarged and has a uniform, white
appearance., Peripelvic and periureteral.infiltratidn may cause hydro-
nephrosis. (Jubb and Kéﬁnedy, 1963)°

The uterus is a frequent site for the tumor. Moulton (1961)‘
indicétes that 45% of tﬁe cases in his series had uterineiin?olvement.
The uterus may be greatly. enlarged, and Feldman (1932) statesvfhat the
majority of tumor masses aré ﬁonfined to the submuéosa, Smith (1962)
believes that tumor.nodules'appéar beneath thé serésal surface of. the
uterus and spread in&ard toward the.mucoéa° Multiple uterine lesions
in 6 of 20 slaughtered cattle were reportéd by Monlux et al. (1956).

In the peritoneum, omentum and mesenteries, the tumor is repre-
sented by focal or diffuse masses of neoplastié tissue. (Moultdn;

1961; Jubb and Keﬁnedy, 1963) .
Tumors involving the eye are common. The eye may protrude from

its natural position and ultimately may be markedly displaced. This
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almost always 1s due to deposits of neoplastic tissue in the retrobulbar
region of the orbit. (Jubb and Kennedy, 1963). The condition may.be
iunilateral or bilateral. (Smith, 1962).

The tumor in the spinal cord usually surrounds the nerve trunks and
may fill the canal at a given level. (Smith, 1962)., The lesion is
commonly located in the last lumbosacral region. (Monlux et al., 1956;
Cotchin, 1956). Cotchin (1956) believes these spinal lesions originate
from adjacent<lynph‘nodes and invade through the vertebral openings.

Lymphosarcoma of the skin is described as.forming a diffuse
thickening or multiple discrete nodular foci. The lesions may be
located either in the dermis or subcutaneous tlssue. (Cotchin, 1956).
The nodular lesions may form masses of various sizes. (prb and

‘Keﬁnedy, 1963).
v .:Invasién of.skeletal muscle with 1ymphosafcoma is_dgs;ribed. This
may be due td direcﬁ ektension or by hematogenous disseminafion, (jubﬁ

. and Kennedy, 1963).
Histopathology

vIn the lymph nodes, during the earliesf stages, Squire (1964) sug-
gests‘that neoplastic cells may appear either in the sinusoids or in the
germinal centers. Later, large segments of the cortex and medulla are .
replaced by neoplastic cells, and the infiltration may eventually extend
throughout the entire node.

In the heart, neoplastic cells often infiltrate between the cardiac
muscle fibers and may cause atrophy and degeneration of muscle fibers.

(Moulton, 1961).
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In the spleen, the tumor cells replace the normal parenchyma.or.
formyfocai accumulations beneath the splenic capsule. (Feldman, 1932).
Neoplastic cells may penetrate the capsule and trabeculae and grow.
beneath the endothelium of trabecular veins., (Jubb and Kennedy, 1963).

In the kidney, tumor cells Invade the interstitial spaces and
eventually replace the tubules.  (Feldman, 1932; Squire, 1964),

.Neopléstic infiltration of the liver is ﬁsually confined initially
to portal triads and especially to the adventitia of hepatic veins,
(Jubb and Kennedy, 1963).

In the hollow organs, é.g., the abomasum, uterus and intestine,
the infiltration usually is initially confined to the submucosa and then
.,rather»rapid1y spfeads to the mudosa and muscularis. (Feldman, 1932;

’ ‘Moulfon, 1961;"Sqﬁiré,‘i964).
o Hi#&ologically, fhé nepplastic.cells may be lymphoblastic,
| ﬁrolymphdcfﬁic,'1Ymph6c9tic or reticulum cell typesvaccording to the

deécripfion by.Squirev(1965).
Hematology

There are no exact erythrocyte, hematocrit or hemoglobin levels to
indicate an anemic state. Schalm (1961) places the normal erythrocyte
count ‘at.5 to 10 million with the average count at approximately 7
million. Thg hematocrit value (packed cell volume) iﬁ his.text is
1isted;af‘24f48 volume per cent and an average of 35. Hemoglobin ranges
are listed at:8-14 gram'pef cent:with an averagé of.elgven. While other
writers ‘give higher or lower figures, it is not considered important to

make too exact an interpretation when there are so many other variable
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factors. He stated that anemia'méy be associated with lymphosarcoma
but is .of variable occurrencé.

It is apbarently impossible to predict accurately the presence or
absence of leukemia from the morphology or location of the tumors. The
exception may be that extensive bone marrow involvement can almost
invariably be associated with leukemia. (Squire, 1964).

The leukocyte count may increase in the early stages of the
disease,‘but a steady decline to normal or subnormal . levels may occur
as death approaches. (Cotchin, 1956; Moulton, 1961; Jubb and Kennedy,
1963) . | |

| In attempting to diagnose lymﬁhoid'leukemia, chief reliance should
be placed.on total leukocyte count per cubic millimeter and on the per-
Cenﬁage-of.lymphocytes in thé.differential count, The presence of, or
even moré satisfactory, the percentage of abnormal, atypical, or.
immafuré lymphocytes is an indication of possible. leukemia., (Smith,
1962:1Jubb and Kennedy, 1963). Thévtotal leukocyte count may show an
increase "up to 200,000 or.mpre‘per cubic millimeter of biood. (Smith
| ar';d“'Jonésv‘,‘ 1961). | | ,
]Théiienfg;_él, (1961),regarded‘total leukocyte’counfs up to 12,000
_ perfgﬁbié miilimeter as:nérmgl'for.young coﬁs,and up to 8,000 cells per.
éubiéﬁmiliiméterbas normai'in'aniﬁa15'5~16 years old, The most coﬁ—
éiétéﬂt léﬁkoéyte Values'in c6Qs which they designated as positive were
:féféi léukocyte§ §f,iZ,OOO or greater with absolute lyﬁphocyte coupts:
-,iﬁ éxées§ 6f 9,000‘per cﬁ§i¢_millimeter. | | |
Smith (1962).refers‘fo.Rosenberger's key ofbherd classificétion

which places in a leukotic group all cattle having total leukocyte counts
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of more than 18,000 per cubic millimetef with lymphoid cells repre-
senting 75% or more of the total white cells., Cattle with less than
10,000 total leukocytes (12,000 in animals younger than 2 years of age)
and not more than 607 lymphocytes, are regarded as normal. Animals
with total leukocytes and lymphocytes in the intermediate range between
these two groups are classed as suspicious.

Schalm (1961) reviewed Goetze's and Bendixen's keys for clas-

sifying leukemia which are similar to that described above.
Cytology of Neoplastic Cells

Characteristics of neoplastic cell types in blood smears from
leukemic cattle have been frequently described and are basically simi—
lar‘to thé recent grouping made by Squire (1965). He grouped the cells
as lymphoblastic, prolymphocytic, lymphocytic or reticulum cell types.

'Generally, the lymphoblastip type is described as larger'fhan a
normal lymphocyte. Its‘cyféblésm appears as a thin'rim‘afound the{‘
nucleﬁs énd ﬁedium-to dgep‘blue coior.v The cytoplasm méy,appeaf more °
vaﬁuﬁdani'inv§omgxéells with éccentric nuclei. Océasionélly, therg éfe
vsmali.ﬁaéﬁoles'in thé cytoplasm. The nuciéus is‘generaliy spheri;al,’n
‘although.tﬁére ére somé irregular.éhapes. fhélchromatin.é#ists as .
fine, evenly distfibgted partiéléé with no aréas’éf clumping. Pale
blﬁé:nucléoii ére us@aliy large and éasily seen: |

The neoplastic prolymphocytic type cells are usually not as large
Las the lyhphoﬁléstic'type."The nuclear chromafin pattern is ifregular.
In some are;s it remains fiﬁevwith chromatin—paracﬁromatin distinctiono

In others, it is clumped or coarse. Generally, the neoplastic cells

1
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have both light and dark areas of chromatin. The nuclear membrane is
coarse in the cells having pronounced clumping of chromatin, which is
usually seen in the more mature cells.

Neoplastic cells of the lymphocytic type are usually spherical in
shape and uniform in size. The cells are smaller than the other types
and usually are only slightly larger or near the average normal lympho-
cyte size. The cytoplasm is scant. The nuclear chromatin is completely
clumped and no pale area of chromatin-parachromatin distinction remain.

The reticulum cell type is large like the prolymphocytic type and
has a large spherical nucleus. The nuclear chromatin exists as coarse,
unevenly divided, violet particles which are distinct from the colorless
parachromatin spaces. Nucleoli are pale blue spheres embedded in a
chromatin-parachromatin network. The cytoplasm is pale staining, is
scant and sometimes forms syncytial processes.

Bijlenga et al. (1962) found that acridine orange fluorescent
staining of peripheral blood cells seems to be a promising procedure for
a rapid diagnosis of lymphosarcoma in cattle. The cytoplasm and
nucleolus of neoplastic cells show a flaming orange-red fluorescence
while the nucleus has a yellow-green fluorescence. Increased fluores-
cence in neoplastic cells is due to increased ribonucleic acid (RNA) in
the cytoplasm and increased desoxyribonucleic acid (DNA) in the nucleus.
The marked increase in fluorescence of the cytoplasm was readily
detected in neoplastic cells. A slight increase in fluorescence was
seen in the cytoplasm of an occasional cell but could not be associated
with neoplastic transformation.

Brock (1965) indicated that increased fluorescence of the cyto-

plasm of included cells were not seen in a survey of blood smears from
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approximately 100 normal and diseased.qattle. Neoplastic diseases were
" not represented in the group but many of the more common infections and
metabolic diseases of cattle were compared to the appérently,normél
smears. Disééses were included in which hyperplastic lymph nodes would
be prominent. Incféases in fluorescence of the nuclei of‘cells.were

difficult to measure and were not used in the estimations.



CHAPTER III
MATERIALS AND METHODS

A total of 7 cows with lymphosarcoma were observed in this study.
They were cattle presented for diagnosis or treatment at the Oklahoﬁa‘
State University Veterinary College during the period from August 4,
1964, to February 2; 1965 and represent the first 7 cases in Table I
(M5067 through M5387). Data and preparations were also included from
11 selected. cases in cattle studied at the College during the period.
from 1957 to 1963 which were adequately documented by hematologic and
necropsy observations to be of comparétive value (cases M1940 through
M4491 in Table I). It was»ﬁossible to compare 18 animals in this study
as thevpfocedures-USed in the preparation of specimens were basically

the same as those outlined in thié'chapter for the 7 animals.
1Hematology
'Q.A 10 mi. syringe with a size 15 gauge needle was'uséd ih.;aking
samples.of blood from the juguiar vein of the 7 animals.  Blood was
immédiately traﬁsferred iﬁto'1O ml, test tubes containing EDTAl anti-

. cdagulant.-vBlbod5film$ for'differential counts were stained with -

1EDTA is the abbreviation for the disodium salt of ethylene-
diamine tetracetic acid. '
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DISTRIBUTION OF MACROSCOPIC LESIONS OF LYMPHOSARCOMA

IN 18 CATTLE

Age
in Retro- Bone |Vertebral

Animal| Years Abomasum bulbar Marrow| Canal |Intestine
M5387 6 F + i iy + L ok +
M5325 |10 months| M i + + +
M5275 7 F + + = +
M5240 6 F + + S + + +
M5220 6 F + + + + +
M5134 11 F =+ + =5 + ot 2
M5067 5-6 F # + + * +
M4491 4 F o i it
M4094 8 F *+ + + +
M3811 ¥ F s + =+ +
M3500 Pl F + + +
M3240 1 E L it +*
M3168 2 M + ik +
M2839 2 F i
M2750 7 F it + +
M2667 5 F + -+ +
M2449 7-8 F + + = + + 4
M1940 7 F + + + + + +
Total 18 15 3 5 5 4 6 7 2 4

LT
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Wright's stain. The count was made using high-dry and oil immersion
objectives of the microscope. The various types of leukocytes were
expressed as a percentage of the first 100 white cells encountered.

The total leukocyte and erythrocyte counts were made according to
standard procedure. The diluting fluid for the leukocyte counts was
composed of 1.0 ml. glacial acetic acid, 100 ml. distilled water and
1 ml. of 1% Gentian Violet. Gower's solution (12.5 gm anhydrous sodium
sulfate, 33.3 ml, glacial acetic acid and 200 ml, distilled water) was
used as the diluting fluid for the erythrocyte counts. A standard
bright-line hemocytometer was used to make the cell counts.

The Spencer hemoglobinometer was used for determination of hemo-
globin values. Grams of hemoglobin per 100 ml. of blood was read
directly from the graduated scale of the instrument.

Hematocrit values were determined by the microcapillary tube
method. A capillary tube was filled with blood to approximately two-
thirds of its capacity, sealed at one end and centrifuged at 12,000
rpm for 5 minutes. The percentage of packed cells was obtained by using

a microcapillary hematocrit tube reader.

Acridine Orange Fluorescent Staining

Fluorescence microscopy was used to compare neoplastic leukemic
lymphocytes and normal lymphocytes in both blood and fixed tissue. The
technique for fluorescent staining entailed the use of acridine orange
and followed most closely the procedures outlined by Bertalanffy et al.
(1956). Two kinds of blood films were made; conventional whole blood
films and buffy coat blood films. The latter was prepared by filling

Wintrobe sedimentation tubes with blood and centrifuging for 10 minutes.
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Plasma was removed after centrifugation without disturbing the buffy
coat. With a Pasteur pipette, a portion of the buffy coat was removed.
One drop was transferred to a slide, and a thick smear was made. After
drying, the smears and films were fixed in a mixture of equal parts 95%
ethyl alcohol and 95% diethyl ether for 1 hour and then hydrated by
dipping into 80%, 70% and 50% alcohol and distilled water. After
hydration, the specimens were rinﬁed 5 times in 1% acetic acid and 5
times in distilled water. The smears were stained in acridine orangel
(0.01% acridine orange in 1/15 M phosphate buffer; pH 6.0) for 3
minutes. The stained smears were rinsed 1 minute in the above buffer
(5 NaZHPO4 and 45 KH2P04 adusted to obtain a pH of 6.0 and checked

with a pH meter before use). After that, they were differentiated with
0.1 M Ca012 (2.78 gms/500 ml. of HZO) for 30 seconds. Excess dye was
removed by washing in the above described phosphate buffer. A cover-
glass was placed over the stained blood film using the phosphate buffer
as mounting medium. The films were then examined with a fluorescence
microscope. The only advantage of the buffy coat film is that it allows
a concentration of a greater number of leukocytes when their number is
minimal in the circulating blood. The fluorescent light was a HBO 200
mercury arc lamp with a dark field condenser. The exciter filter was

a Zeiss BGl2/4 which transmitted between 330 to 500 mu with a maximum

of 400 my, The same staining procedure was performed on paraffin

The acridine orange stain was obtained from the National Aniline
Division, Allied Chemical and Dye Company, 40 Rector Street, New York,
N. Y., Catalogue No. 408.
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embedded tissue>except that xylol was used to remove excess paraffin,
and -then the procedure preparatory to staining was instituted by trans-

ferring to 80% alcohol.
Postmortem Examination

Postmortem examinations were performed on the 7 cows observed in
this study in the pathology necropsy room. Lesions and tissueé of
particular interest wefe fixed in 10% buffered formalin solution. These
tissues were allowed to fix‘for a minimum of 36—48'h0ur5'and then
embedded in paraffin. Sections were cuf at 5 microns thickness and

stained with hematoxylin and eosin stain.



CHAPTER 1V
RESULTS AND DISCUSSION
Clinical Observations

Elevations in body temperature to levels as high as 104° F were
present in 4 animals. Signs referable to disturbance in the cardio-
vascular system were present in several animals. Pulse rates of 80, 96,
and 120 were recorded in 3 animals, distention of the jugular veins
was observed in 4 animals and edema of the brisket was present in three.

Anorexia was noted in 8 of the 18 patients. Three animals were
bloated, 2 intermittently and 1 persistently for 4 weeks. One animal
had a severe diarrhea aﬁ terminus.

Enlargement of superficial lymph nodes was present in 3 cows, and
nodes in the sublumbar region were palpably enlarged in five. Pro-
trusion of the eyeball was observed in 4 patients.

Four of the 18-patients in the study were presented.for examination
because of posterior paresis. One animal had a cough which had been

present for several weeks. The visible mucous membranes of 5 were pale.
Postmortem Observations

External Examination. The external examination showed that 6 animals

were in poor nutritional condition, 4 were in fair nutritional con-

dition and 6 were in good nutritional condition. One animal had a

21
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grayish-brown, mucoid discharge from the vagina, and extensive vaginal
tumors were found at necropsy.

Internal Findings. The subcutaneous fat in 10 animals was represented

by moist, gelatinous and edematous tissue which was yellow to yellowish-
brown in color. This appeared to be related to the poor nutritional
state of the animals. Body fat was minimal to moderate in amount in 9
animals. Ten animals had moderate to excessive, clear to cloudy fluid
in the peritoneal cavity. Excessive, red tinged fluid was present in
the pleural cavities of 5 animals, and hydropericardium was noted in 5
animals. Cardiac involvement was present in each of the latter 5 and
probably contributed to the occurrence of the transudate. Fibrous
adhesions between the liver and adjacent structures were present in 3
animals. Nodules and more diffuse, plaquelike masses of neoplastic tis-
sue were present in the omentum of 4 animals. Nine animals had enlarged
prescapular and prefemoral lymph nodes, and 7 had enlarged supramammary
nodes. On cut surface the nodes were pale gray in color and lacked the
usual architectural division and detail of normal structures. Similar
enlargements were noted in the mesenteric lymph nodes of 8 animals. The
mesentery was tumefied in 4 animals, and 3 animals had neoplastic
involvement of the diaphragm. In 2 animals the diaphragmatic masses
were pale, firm plaques of tissue just beneath the peritoneal membrane
extending into the diaphragmatic muscle. In the other animal, the tumor
was located entirely within the musculature. Growth of comparable
nature was present beneath the costal pleura of 3 animals. The sub-
lumbar lymph nodes were involved in 6 cases.

Heart. Thirteen animals had cardiac lesions. In 7 of them the lesions
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were encountered in each of the cardiac chambers. The lesions were
grayish, raised, nodular masses or linear streaks or both. The nodules
and streaks were visible through the epicardial surface and sometimes
extended throughout the myocardium to the endocardium. The streaks
were sometimes slightly raised areas about 1 to 2 cm. in length on the
epicardium. Four animals had lesions in the atria. In 3 of these, the
lesions extended to the left ventricle. One animal had lesions in the
right atrium which extended down to the right ventricle. In one case,
the lesions were found only in the ventricles. It was observed that the
heart lesions were found in only 1 of 5 animals under 4 years of age.
In this case, lesions were limited to the ventricles.

Urinary Tract. Renal lesions, recognized in 5 animals, were scattered
in the cortex and in some instances extended to the medulla. The
lesions ranged from 1 mm. to 5 cm. in diameter. Two animals had in-
volvement of the right ureter; in 1 the lesion was 5 cm. in diameter.
Involvement of the bladder was noted in 2 animals. The lesions
extended through the wall of the bladder.

Genital Organs. Eight animals had neoplastic lesions in various seg-

ments of the genital tract. Lesions in the uterine wall were both dif-
fuse and nodular and were seen in all 8 animals. Two animals had
diffuse lesions, 1 had diffuse and nodular lesions, and 5 had nodular
lesions only. The lesions extended through the uterine walls. On cut
surfaces the growths were yellowish-gray, of homogeneous texture and
soft in consistency. The thickness of the nodular uterine lesions
ranged from 3 to 15 em. In 1 case, neoplastic growths were observed

in the ovary. It was enlarged and whitish in color. On cut surface,



ovarian tissue was replaced by soft, grayish tissue. The fallopian
tube was affected in 1 animal. The vagina was affected in 3 animals.
In each, its wall was thickened and diffusely infiltrated with neo-
plastic tissue. In 1 animal, the cervix contained a lesion about

3 cm. in diameter in the submucosa.

Liver and Gall Bladder. Four of 5 animals with hepatic involvement had

scattered focal lesions in the parenchyma of the liver. These livers
were only slightly enlarged. In the other case, diffuse involvement
existed, and the liver was approximately 60 cm. long, 32 cm. wide and

9 cm. thick. The gall bladder was affected in 2 animals. The wall

was thickened and contained grayish, plaquelike masses.

Spleen. Seven animals had scattered, nodular lesions in the spleen.
The spleens were slightly to markedly enlarged. The cut surface of the
spleens bulged and exhibited a dark red colored parenchyma with firm,
nodular, neoplastic growths.

Lungs. The lungs were affected in 6 animals. Four animals had dark
red, doughy infiltrations in the lung while 2 had nodular lesions scat-
tered in the parenchyma. On cut surface, the nodules were represented
by yellowish, cheesy centers surrounded by firm, white capsules.

Gastrointestinal Tract. Two animals had lesions in the rumen, 3 in the

reticulum, 15 in the abomasum and 4 in the intestine. The involved
wall of each affected rumen and reticulum was thickened and firm. On
cut surface, whitish-yellow, homogenous tissue was seen. The abomasal
walls were greatly thickened in 10 of the 15 affected cattle. The
thickness was up to 10 cm. and was represented by deep infiltration of

neoplastic tissue throughout the wall and submucosa of the abomasum.
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In 6 animals, the lesions were limited to the pyloric region of the
abomasum and in 1 to the fundic region. Ulceration of the abomasal
mucosa was observed in 3 animals. On cut surface, the abomasal lesions
were soft, grayish-yellow, homogenous masses.

Bone Marrow. In each of the 7 animals necropsied by the writer, tis-
sue sections of femoral bone marrow were made. Neoplastic cells were
observed in 5 of the 7 cases. There was a record of examination of the
marrow of only 2 of the other 1l animals, and in both of these, neo-
plastic cells were found (M4094 and M2449). These findings suggest
that bone marrow involvement is frequent in at least the terminal
stages of bovine leukemia.

It was mentioned in the clinical observations that 4 animals had
posterior paresis. In 2 of the 4, the vertebral canal contained neo-
plastic growth. Invasion of the canal in 1 of the former, a 10 month
old male Hereford, appeared to extend from the neoplastic growth
within the body of the underlying vertebra. The body of vertebra T-6
was fractured and contained a reddish, friable material in the marrow
area. Vertebra T-9 contained a smaller lesion, about 3 cm. in diameter,
which extended through the bone into the right lateral portion of the
vertebral canal. (Fig. 1). Infiltration of neoplastic cells was
noted also in the marrow and cortex of the right femur and tibia
indicating extensive marrow involvement in this case. While the bone
marrow was found to be involved in most of the recently acquired cases,
this is the only one in which a gross lesion was recognizable.

In summarizing the necropsy findings, Table I shows that 18

animals had lesions in 1 or more lymph nodes. The abomasum was



Fig, 1 Midsagittal section of thoracic vertebrae.
Section of the vertebra T-9 is fractured and
contains a reddish friable growth in the spongy
portion of the bone. M5325.
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involved in 15 animals, the heart in 13, the liver in 5, the spleen in
7, the uterus in 8, the kidney in 5, the retrobulbar tissue of the eye
in 4, the lung in 5, the bone marrow in 7, the vertebral canal in 2 and
the intestine in four. From these data, it became clear that the lymph
nodes, the abomasum and the heart were most frequently involved. These
findings are in agreement with those of other investigators.

It was of interest, further, that only 1 of the 5 animals less
than 4 years old included in this study had lesions involving the heart,
and in this one the atria were spared. If cardiac involvement is infre-
quent in the young animal, it could be a useful criterion in differen-
tial diagnosis.

Microscopic aggregates of neoplastic cells were present in the
bone marrow in a high percentage of animals in the terminal stages of

leukemia.

Age

Animals 5 to 8 years of age were most prone to develop lympho-
sarcoma in the cases studied. Five animals were 1-2 years of age, 1
was 4, 10 were 5 to 8, and 2 were 8 or older (Table I). The age range
of 5-8 years is in agreement with most of the published reports.
However, cases do appear in young animals and occasionally in aged
animals, and this is indicated in the cases upon which this study is

based.

Hematology

Table II lists the erythrocyte counts, hematocrit values and

recorded hemoglobin for the 17 cattle compared in this survey. Using



TABLE II

TERMINAL ANEMIA ASSOCIATED WITH LEUKEMIA
IN 17 CATTLE

Bone
Hemoglobin | Hematocrit Dates of |Marrow|Date of
Animal| (gm/100 m1)| (Vol. %) |Erythrocyte|Hemograms|Lesion|Necropsy
8.0 28.0 o | 2-2-65
M5387 | 8.5 28.5 e 7-5-65 | + | 2-8-65
8.0 24.5 e 2-6-65
M5275 | 12.0 31.0 5,800,000 | 12-5-64 12-5-64
7.5 22.5 4,990,000 |11-14-64
6.5 19.5 3,800,000 |11-16-64 5y
M5240 7.0 22.5 4,950,000 *|1i=t7-64 | | .-[Lrelee4
7.0 21.5  [4,280,000 [11-20-64
8.5 24.0 et 11-3-64
TOLALIS Se e 20.0 3,740,000 |11-7-64 i
M5134 | 5.0 15.5 3,100,000 | 9-14-64 | + | 9-16-64
5.5 19.0 2,320,000 | 8-4-64
5.0 16.0 Bl 8-5-64
003 5.0 16.0 2,570,000 | 8~6~64 | T 8-10-64
4.0 13.0 2,160,000 | 8-8-64
8.5 25.0 r— 10-30-63
i [ 20.0 12,970,000 |11-1-63 ey ik
M4094 | 12.0 33.0 5,550,000 | 2-26-65 | 3-16-63
M3811 | 9.2 21.0 3,670,000 _|10-27-62 11-1-62
M3500 8.0 26.0 15,120,000 | 5-21-62 5-26=62 _
11.5 33.0 7,800,000 | 1-20-62 Gt
MIEA 06 32.5 17,350,000 | 1-27-62 deky i
M3168 | 11.0 32.0__ 16,650,000 | 1-8-62 1-9-62
M2839 8.5 26.0 6,420,000 | 6-29-61 7-10-61
M2750 | 10.0 31.0___ |5,800,000 | 5-14-61 5-16-61
8.0 22.0 6,000,000 | 3-31-61 i
meonl ]l ae 22,0 4,850,000 | 4-1-61 Sely6d
7.5 22.0 6,100,000 |12-14-60 e
s 7.0 18.0 A-8i6 000, . 13-20-60 | T (322260
M1940 7.0 19.0 14,100,000 | 1-25-60 7-9-60
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the values suggested by Schalm (1961), it would be concluded that 8
were definitely anemic, 5 were borderline (M3500, M2750, M1940, M4094
and M5387), and 4 (M3240, M3168, M2839 and M5275) were not anemic.
These findings are consistent with the observations that some animals
with lymphosarcoma will maintain normal erythrocyte values. Five
animals developed anemia associated with the known infiltration of
bone marrow by neoplastic cells. If marrow involvement was extensive,
there could be a direct relation to the anemia. Anemia could be
associated with the presence of internal bleeding such as could result
from abomasal ulcers noted in 3 of our cases. Other causes of anemia
in bovine lymphosarcoma in a nonleukemic or leukemic state are not
completely understood, and these include relation to an autoimmune
hemolytic process. Anemia was seldom seen in the younger animals under
4 years of age.

The only reliable confirming indication of leukemia in all of the
17 animals in which blood smears and tissue sections were available
(Table III) was the presence of atypical, neoplastic lymphocytes. In
1 calf, the smears were misplaced. Total leukocyte and differential
counts of the leukemic animals were made to determine the relationship
between the percentage of lymphocytes and the total leukocyte counts
of peripheral blood in the terminal stage of the disease. A second
differential count was performed on 7 animals in this study. A third
and fourth count was made on 3 and 2 animals respectively. (Table 1V).
Since only a few days separated most of these counts, the results were
quite informative. In the terminal stages of the disease immediately

before death, the leukocyte count decreased rather consistently and
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TABLE III

LAST RECORDED LEUKOCYTE COUNT COMPARED WITH TYPE OF NEOPLASTIC
CELLS IN SMEAR AND TISSUE SECTION IN 17 CATTLE

Leukocyte Blood Smear issue Section

Age | Lymphocyte | Count/ prolympho-
Animal | Years Vi Cu. mm, blast |prolymph | lymphocyte |blast cytic lymphocytic
M5387 6 98 172,000 = +*
M5275 7 56 10,400 + + +
M5240 6 25 7,900 it + +
M5220 6 89 108,500 + + + +
M5134 -k 49 3,550 + + + +
M5067 5-6 82 8,700 + + + +
M4491 4 97 68,000 + + + +
M4094 8 45 6,200 i + +
M3811 7 97 90,000 + + + +
M3500 2 70 13,250 A +
M3240 1 90 8,750 + +
M3168 2 38 9,600 + +
M2839 Y 69 7,600 + + + +
M2750 7 60 16-,000: + +
M2667 5 93 43,000 i +
M2449 7-8 98- - 230,000’ + + + + + +
M1940 7 41 10,300 o +

0g



TABLE IV

COMPARISON OF THE TOTAL LEUKOCYTE COUNT AND PERCENTAGE

OF LYMPHOCYTES IN 7 CATTLE®

Age Lymphocyte Leukocyte gount
Animal (yrs.) Date 4 per mm
Feb.-2-1965 98 171,400
M5387 6 Feb.~-5-1965 96 191,700
Feb.=-6-1965 98 172,000
Nov.-14-1964 9 15,300
Nov.-16-1964 14 8,100
3240 7 Nov.~17-1964 15 7,550
Nov.=20-1964 25 7,900
Nov.-3-1964 97 115,950
5220 6 Nov.-7-1964 89 108,500
Aug.-4-1964 77 13,800
Aug.-5-1964 62 28,900
H5067 30 Aug .-6-1964 78 17,850
Aug.-8-1964 82 8,700
_ , Oct.-30-1964 95 69,000
Haag1 4 Nov.=1-1964 97 68,000
e Jan,=20-1962 81 16,300
H3240 : Jan.=27-1962 | 90 8,750
| Dec,=14-1960 96 292,500
M2449 »8 98 230,000

Dec¢,.-22-1960

%
Data is given omn cases with more than one recorded differential

count.
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sometimes very markedly. The percentage of lymphocytes increased during
this'stage,.but their absolute number decreased with the decrease in
total number of leukocytes. (Table IV). The decrease in leukocytes may
be due partially to bone marrow involvement or it may be entirely
associated with appfoaching death. Study of additional cases would
be helpful in clarifying this point. A noticeable increase in neoplastic
cells in’blood;smears during the days immediately prior to death
typified the majority of the cases.

The neoplastic cells which appeared in the blood films were of
lymphoblastic, prolymphocytic and lymphocytic types. In no case was the

reticulum cell type encountered.
Cytology

In the‘17-§niﬁals in which both blood smears and tissue sections
..were‘availabie.(Table III), 4 had mixed lymphoblastic—prol&mphocyticv
cell typeé;_6'had1ymphoblasti¢'cell types, 4 had prolymphoéytic cell
types,vandFZ had‘mixed Prplymphocytic—lympbocytic cell types and 1 had

:é»@ixtﬁre 0f éll 3 fypés in fhe_bloéd smears exaﬁinéd. If was obsérved
vthét‘when the‘ieukocyte counf waé ver& high, thelemphoblésfic tyée was.

thévi’.'r;é(»)pbl"as.t.i_’c cell ivdé‘nti’fi’éd in the blood.

; In ,chi‘s‘__s"tgc__iy, 1twas found . that the animals which had 1yrﬁpho—
,blasticfof’prolymphodyticbtype qells in blood smears‘generélly héd'thé
samé #ypé-bf_ceils“in’£he tissue sections. Howéver, 2'cases_pb§§essing
lymphdbléstié'type éeiis in'petiphéral blood had prolymphocytié cells
as Qell in tissqé_séctions, and ‘1 case charactefized by prolymphocytig

cells in blood smears had lymphocytic cells, as well, in tissue sections.
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Mixed lesions of 1ymphob1astic—prolymphocytic and prolymphocytic—
lymphocytic type cells were seen also in the same animals which had
the mixture in the blood smears. (Table III).

The lymphoblastic type cells in the fresh blood smears which were
taken from leukemic animals were large (the nuclei measuring up to 10
or 12 y in diameter). The chromatin was delicate and appeared as
finely divided particles with no area of clumping. The parachromatin
was uniform and was represented as colorless spaces between the chromatin
particles. The cytoplasm usually formed a distinct band around the
nuclei and appeared weakly basophilic and sometimes vacuolated. The
nuclei were round, oval, vesiculated or irregularly shaped. One to
three large, pale blue nucleoli were prominent in many of the nuclei.
(Fig; 2);’ Mit6tic'figure§>were seen  rather frequently. (Fig; 2).

‘ .v‘The pr6iympbopytic>type célls were variable in size, raﬁging frqm »
£hét‘of normaixlarée'lyﬁﬁhocyteé to that'of,the smaller 1ymphoblas£ic
éeilgtypésk(5f9 ﬁ_iq:diametér). Their ﬁytoplasm was.less.abundant o
f;h;ﬁ £ha£vin t£é lymﬁhbbiastié type and was paie and baéophiiic,4 Thé
H#ﬁcléiﬂWefé:éﬁﬂéfiéal;{dval Orrbizarré:in-shape'and'héd clﬁmped afeas
vaéhiﬁméﬁin; (Fig: 3)."The nucleus géﬁerally préséntea i or mQre T
.fingiiké Structutés;representing reﬁﬁants of nucleoli. |

The‘lymphocytic type.éells were within tHe>siZe_range of normal
iymﬁhchteé. >Thé‘nu¢lei‘ﬁere.usually spherical; aﬁd‘the chromatin was
heavily.élumped.v‘Afeés of chromatin-parachromatin were not distinct.
Nucleoli were not seen in these cells, and the cytoplasm was minimél.

The cells in tissue sections had a slightly different appearance
tﬁan those in blood smears.b The cell types in the tissue sectioms

» weré generally smaller than the cells in the blood smears, -and the.



Fig. 2 Buffy coat smear of peripheral blood
from a case of lymphosarcoma in cow M5387;
pale nucleoli and mitotic figures are noted
in this group of cells of the lymphoblastic
type. Wright's stain. Magnification 400x.
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Fig. 3 Peripheral blood smear from cow M5134
with lymphosarcoma. Notice the clumping of
chromatin in nuclei in these two neoplastic
cells of the prolymphocytic type.

Wright's Stain. Magnification 400x.

35



36

cytoplasm was more meager and prone to take a more basophilic stain.
Nuclear staining was similar in both the blood smears and tissue
sections.

The lymphoblastic type cells in the tissue section were relatively
large in comparison to the other types of neoplastic cells. The nuclei
were large and rounded, vesiculated or indented. The nuclear membranes
were prominent and deeply stained. The nucleoli were obvious and large.
(Fig. 4). Frequently, mitotic figures were numerous in a section.

The prolymphocytic type cells were smaller than the lymphoblastic.
Nucleoli were either not recognizable or barely discernable (Fig. 5).

The lymphocytic type cells were small and uniform. The cytoplasm
was scanty. The nuclei were round in shape with uniform distribution

of chromatin.

Acridine Orange Staining

Acridine orange staining was used in order to distinguish between
lymphocytes from leukemic animals, apparently normal animals, and a
group of animals afflicted with non-neoplastic diseases.

In the examination of blood smears from 4 leukemic animals in the
group (5220, 5240, 5275, 5387), it was observed that neoplastic cells
of lymphoid origin had pale green nuclei whereas the cytoplasm and
nucleoli had a flaming orange-red fluorescence. The fluorescence is
believed due to higher concentrations of RNA in the cytoplasm and
nucleoli and of DNA in the nuclei. (Fig. 6). Unfortunately, only 4
animals were admitted for study while the stain was available, but
these positive findings were consistent with previously reported

studies. Controls were not conducted on the blood smears, as Brock
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Fig. 4 Tissue section of lymphosarcoma of a
lymph node; note the many nucleoli in the
lymphoblastic type cells. Hematoxylin and
Eosin Stain. M5387, Magnification 400x.

-

Fig. 5 Tissue section of lymphosarcoma of a
lymph node in cow M5134. Most of these cells
are neoplastic and of the prolymphocytic type.
Hematoxylin and Eosin Stain. Magnification

400x.



Fig. 6 Neoplastic cells from buffy coat smear
of peripheral blood. A flaming orange-red
fluorescence of cytoplasm and a pale green
fluorescence of the nuclei are seen.
Orange staining. M5387. Magnification 256x.

Acridine
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(1965) had recently completed his survey in this same laboratory on
acridine orange stained smears from approximately 100 cattle which were
apparently normal or afflicted with non-neoplastic diseases. These
smears had not shown increased fluorescence.

Acridine orange stains were also carried out on tissues from
normal and hyperplastic lymph nodes. The hyperplastic lymph nodes were
obtained from cases of pneumonia, parasitism and septicemia. It was
observed that lymphocytes from normal lymph nodes had no apparent
fluorescence in the cytoplasm and only slightly fluorescent yellowish=-
green nuclei, whereas the lymphocytes in the tissue from hyperplastic
lymph nodes had the same characteristics as neoplastic lymphocytes.
(Fig. 7). The increased fluorescence in neoplastic and hyperplastic
cells would support the previously reviewed paper where it was indicated
that it was related to an increase of RNA in the cytoplasm and DNA in
the nucleus. The similarity in fluorescent properties of hyperplastic
and neoplastic cells considerably limits the value of acridine orange

in the diagnosis of lymphosarcoma.



Fig. 7 Neoplastic cells in tissue section of
a lymph node of a leukemic animal. Red
fluorescence of cytoplasm and pale green
nuclei are seen. Acridine Orange staining.
M5387. Magnification 160x.
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CHAPTER V
CONCLUSIONS AND SUMMARY

A study was conducted on the manifestations of the terminal stage
of bovine lymphosarcoma. In addition to 7 animals presented for
observation and eventual necropsy during the period of the study, there
were 1l cases in the files of the Department of Veterinary Pathology
which were adequately documented so that their data could be used.

In 17 of the 18 animals,‘at least 1 blood smear was made before
dedath. While all of these cattle were visibly ill at the time of
presentation, it was surprising that neoplastic cells were identifiable
in all of the smears.

In 4 of these animals, acridine orange stains of the smears were
made, and the neoplastic cellé were easily identified by the increased
affinity of fheir_cytopiasm fOr’the stain. It apparently is unusual to
find thié acridine positivé'staining in Blood‘smears'except in neo-
plastic‘diéeases'sﬁch és.the leukemia deécribed in this study.
Neoplastic iesions in 1ymph‘nodés could be stained with acridine
voraﬁgé:ffom tissue sections, aftef.£he death of.the‘ahimél, and they -
‘ also showed.increaséd'cytoplasmic affinity for the stain. However,
hyperpiastic lymﬁh nodes such aé ate‘éeen in parasitic and infectious
diseases also reacted positively to the stain. This ruléd out the

possibility of the acridine orénge stain being very helpful in
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confirming a diagnosis of lymphosarcoma in a suspicious lymph node
lesion as the difficult distinction is between hyperplastic and neo-
plastic lymph nodes.

The recognition of leukemia in all of the 17 animals indicates
that, perhaps, most cattle with lymphosarcoma will show a persistent
leukemia before death. While few cattle would show a leukemia in the
early stages, it may be a rather consistent finding when symptoms such
are described in this study become prominent. The acridine orange
stain should be investigated further to establish its true value in
identifying suspicious cells or screening smears.

Association of bovine lymphosarcoma with cows 5-8 years of age
in 10 of the 18 cattle followed the findings of other investigators.
There were 8 cases in younger and older cattle to support published
observations that the disease may appear at any age and in both sexes.
The lack of macroscopic involvement of the base of the heart with neo-

plastic growths in the 5 animals under 4 years of age was of interest;
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particularly because 12 of the 13 older cattle had lesions in this area.

If true in a larger group of young animals, it would lead one to expect
not to find clinical signs of cardiac involvement in the majority of
young animals in which the disease was suspected. Other reports that
were reviewed did not show a consistent relation although more cases

of cardiac involvement were noted in the older group and fewest in
calves. A conclusion that calves, but not cattle over 2 years with

the disease frequently do not show the cardiac involvement is probably
more correct. The presence of lesions in both ventricles of the heart

of one of these 5 animals illustrate that some calves would have
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cardiac involvement and perhaps detectable signs of disease. In
contrast to the late appearance of cardiac lesions, the abomasal
lesions appeared in 3 of 5 of the young animals and probably are
not ‘so late in appearing. Anemia was associated with most of the
cases of lymphosarcoma in older cattle but did not appear in more
thén 1 (questionable) in the 4.animals under 4 years of age. The
failure of most calves to develop anemia in the terminal stage also
wbuld be important in a differential diagnosis.

Lesions were too scattered in various anatomic sites to make any
but the above conclusions in regard to relation of symptoms to heart
and abomasal lesions. Lesions were found most frequently in the
. abomasum and heart if the lymph node growths which were found in
every case are not considered. If there are true metastases rather
than further appearaﬁces of lesions at multicentric points of origin
in this terminal stage, there does not appear to be a consistent
pattern to their location. The great variety of clinical signs
relating to the location of lesions support this observation.

The cytologic grouping of the neoplastic lymphoia ;ells in both
the smeafs and tissue seétions into prolymphocytic, lymphoblastic and
lymphocytic typesvhas some Qalue in identifying questionable cells.
These types of cell had no readily apparent association with symptoms
or leéions‘seen in thevstUdy, If a cell type appeared in the 5100d
smear, it‘also was found-in the tiésuevsections‘except in s ome of the
cases where mixed typés were présent. ‘Lymphobiastic types of leukemia
were‘more apt to havé'a higher 1euchyte count than the other types,

“but this was not a consistent finding.



In several cases, it was noted that the total leukocyte count
decreased to normal or subnormal levels in the days immediately prior
to death even though the percentage of lymphocyte increased. A total
leukocyte count by 1itself would be of questionable value in diagnosis
in such cases unless it was significantly elevated. The number of
neoplastic cells increased noticeably in the later smears in several

of these cases in the days immediately prior to death.
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