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This investigation was concerned with characterizing 

a tumor line induced and maintained in this laboratory. 

Various chemical assays, cell counts, and electron micro-

scopy were the methods employed to characterize the blood 

of mice bearing the tumor at days 3# 6, 9, and 12 after 

injection of the 1.2 x 10® tumor cells. 

The tumor line was quantitated to determine the 

minimum number of cells required to produce a tumor in 

o 

DBA/lJ mice. An injection of 1.2 x 10 cells led to 

tumor production in the mice in 6 days, with death of 

the mice resulting in 12.5 days. 

Coulter counter studies were employed to determine 

the effect of the tumor on the total leukocyte counts, 

erythrocyte counts, hematocrit per cent, hemoglobin 

concentration, mean corpuscular hemoglobin, and mean 

corpuscular hemoglobin concentration. The data indicated 

that the mice developed a secondary achromic anemia 



accompanied by leukocytosis. No conclusions could be 

drawn concerning the anemia present since the anemia of 

malignancies is not uncommon; and as yet, most researchers 

are doubtful if a single mechanism controls the condition. 

Hemoglobin subunits were studied by electrophoresis, with 

mouse blood found to include the Al, A2, and S fractions. 

By the death of the animal, all hemoglobin fractions were 

depressed. Almost nothing is known about the connection 

between molecular structure of hemoglobin and physiological 

defect; therefore, the significance of the hemoglobin 

fraction depression still needs to be determined. Serum 

fatty acids were studied by gas chromatography. The 

fatty acid Cl8:2 showed a continual elevation throughout 

the growth of the tumor, whereas the Cl6:0 acid showed 

a decline throughout the growth of the tumor. The data 

indicated an apparent trend toward unsaturation of the 

fatty acids with a possible increase in the mobilization 

of the fatty acids from fat stores to supply the energy 

necessary for the rapid growth of the tumor. 

The ultrastructure of isolated tumor cells was 

studied by electron microscopy. Mitochondria ranged 

in appearance#from normal to various atypical types. 



Nuclei showed a characteristically atypical appearance, 

with chromatin appearing in clumps rather than dispersed 

throughout the nucleus. The nuclear membrane was 

irregular and highly prominent in some cases and appeared 

to be separated in such a manner that the outer membrane 

of the double membrane complex seemed to be pulled away 

from the inner membrane. 

Differential leukocyte counts were made on Wright-

stained blood smears. Transformed mononuclear leukocytes 

increased in number as lymphocytes decreased in number 

during progressive tumor growth. The presence of atypical 

mononuclear leukocytes in the blood of tumor-bearing 

animals may indicate a transformation of the blood cells 

due to a transmissible factor associated with the tumor 

mass. Lymphocytes were isolated from tumor-bearing mice 

and were studied by electron microscopy. The same 

ultrastructural characteristics noted for the isolated 

tumor cells were seen in the blood cells isolated from 

tumor-bearing mice. 

Serum lactic dehydrogenase (LDH) activity of mice 

bearing tumor was determined by two methods. A marked 

increase in LDH activity was noted^using both methods. 



LDH isozymes were studied by electrophoresis. 

Isozymes 5 and 4 (muscle type) were elevated above the 

normal level throughout the growth of the tumor. 

The overall conclusion to be drawn from this 

work is that this tumor line is similar to other reported 

tumor lines. This work was carried out to characterize 

the effects of a progressively growing tumor on the blood 

of mice bearing that tumor. 
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PART I 

Blood Studies of Tumor-Bearing Mice 



INTRODUCTION 

All aberrations in the tissue of a host reflect 

themselves in the blood (19)- The presence of a tumor 

can lead to diverse changes in the blood parameters as 

well as to changes in other systems in the tumqr-bearing 

host. Although various aspects of the blood picture have 

been reported by several researchers ( 2 1 , 28 , 39 , 53)» 

time-activity relationships have been ignored by most 

researchers. Scholes (45) has pointed out the importance 

of determining time-activity relationships in studying 

malignancy-associated changes. 

Many literature reviews are available which give 

the values of the normal blood parameters in mice (15c 

17, 2J , 4 4 ) . Bagdasarov and workers ( 3 ) and Rosner 

et al. ( 4 3 ) have reported an elevation of platelet 

counts in peripheral blood in acute pulmonary carcinoma 

and in acute myeloblastic leukemia, respectively. 

Hammer ( 2 1 ) has reported lowered erythrocytes counts 

and hemoglobin content in the peripheral blood of 

carcinoma patients. Nozhenko et al. (38) have shown 

1 



that the neoplastic process in rats with Sarcoma 40 

lowered the hemoglobin content and enhanced its degradation. 

Increased hematocrit values in pediatric patients with 

Hodgkin's disease have been reported by Jaffe and 

Bishop (28). Zarets'kyi (53) has reported both leukopenia 

and leukocytosis, erythropenia, and a lowered hemoglobin 

content in the peripheral blood of patients with cervical 

cancer and uterine fibromyoma. Most of these workers 

were not concerned with a time-activity relationship 

but instead made their observations on patients with 

tumors in an advanced stage of growth. 

Several workers have reported hemoglobin levels 

associated with tumor growth (21/ 38, 47, 53). It has 

been repeatedly observed that the later stages of malignancy 

are characterized by a decrease in the blood hemoglobin 

level (47). Most workers have described it as a 

"secondary anemia" and consider it to be the result of 

the total toxic action of the malignancy on the host (47). 

The changes in the composition of hemoglobin as shown 

by electrophoresis have not been reported in a tumor-

bearing host. 



Lipid studies of tumor-bearing hosts have been made 

in regard to either the changes in the lipid content 

of the blood of the tumors bearing host or to the 

r«l*tionflhip th« lipid* amd th* growth of the tumor 

(1, 2, 4, 11, 12, 24, 25/ 29, 49, 50, 51, 52). The 

changes in the fatty acids in the blood of a tumor-

bearing animal have been reported by only a few invest-

igators (1, 2, 4, 25, 33) • Haven, Bloor, and Randall 

(25) and Bloor, Haven, and Ashworth (4) reported an 

increase in fatty acids in the blood of rats bearing 

Walker carcinoma 256. Mattick and Buchwald (33) reported 

an accumulation of total fatty acids in plasma of cancer 

patients. DeAlvarez and Goodell (1) and deAlvarez, 

Goodell, and Zighelboim (2) showed a decrease in linoleic 

acid and an increase in palmitic acid in the blood of 

patients with gynecological cancer. None of these 

investigators have reported a time-activity relationship 

between serum fatty acid content and tumor growth. 

The purposes of this study were (1) to quantitate 

the dosage required for tumor production with this tumor 

line, and (2) to determine what changes, if any, occurred 



in the blood parameters of mice bearing tumors over 

varying periods of time. 



MATERIALS AND METHODS 

Tumor Line. Male DBA/lJ mice, 12 weeks old, were 

obtained from Jackson Memorial Laboratory, Bar Harbor, 

Maine. The animals were fed a diet consisting of 

commercial Purina Laboratory chow and water _ad libitum. 

A lymphosarcoma, which was produced by implanting into 

the isologous strain of mice a lymphoid tumor from a 

DBA/lJ mouse which had been painted on the dorsal 

unepilated interscapular skin with a solution of 0.6 

per cent 20-methylcholanthrene in reagent grade benzene, 

was used (45)- Transplantation of the tumor was performed 

by surgically implanting a small mass (5-10 mg) of freshly 

removed minced tissue subcutaneously in the region of 

the right anterior axial lymph node. The tumor is in 

its 163 passage and kills the mice in an average of 

12.5 days. 

Quantitation of Dosage. Two tumor-bearing mice were 

sacrificed by cervical dislocation on the tenth day 

following tumor implant. Freshly obtained tumor was 

5 
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minced and placed in 0.05 Per cent Trypsin (Difco 

Laboratories) in Ca++- and Mg++- free phosphate buffered 

saline (CMF-PBS), pH 6.8, and gently agitated on a 

Magnestir for 30 min. The resulting cell suspension was 

centrifuged at 7000 x g at 4°c in a RC2-B Centrifuge 

10 min., and the free cells were washed twice in Dulbecco 

phosphate buffered saline (PBS), pH 7«0 (34). The cells 

were resuspended in 2 ml PBS, and cell counts were made 

in duplicate,using a Neubauer hemocytometer (34). Cells 

were incubated in 0.4 per cent aqueous Trypan Blue 

(Allied Chemical Corporation) for 5 min. prior to cell 

counts. Viability was determined by aqueous Trypan 

Blue exclusion in cells incubated in calf serum at 4°C 

and 26°c for 2, 4, 6 hr. (23, 32). 

Varying concentrations of cells in 0.2 ml of PBS 

were injected subcutaneously in the region of the right 

anterior axial lymph node of twelve-week-old mice. The 

mean death rate of mice was determined, and the Reed-

Muench method (41) was employed to determine the tumor 

dose to the 50 per cent (TD50) endpoint. 
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Collection of Samples. Mice were lightly anesthetized 

to stage 5 of anesthesia with anesthesia grade ether 

(Fisher Scientific Company), and whole blood was collected 

in a heparinized syringe by axillary cutdown of the left 

anterior axial region of the animal. Sodium heparin 

(Nutritional Biochemicals Corporation) was used as the 

anticoagulant. 

Whole blood was collected from mice bearing lympho-

sarcoma 3, 6, 9, 12 days post injection (DPI) and from 

normal mice. Four aliquots, each taken from blood pooled 

from five mice, were used. 

Transfer of Tumor Line by injection of Whole Blood. 

Whole blood was collected from tumor-bearing mice 12 

DPI as previously described. Two-tenths ml was injected 

subcutaneously in the right anterior axial region of 

five normal DBA/1 J male mice. Mean rate of tumor 

appearance and mean death rate were determined by 

observation. Controls consisted of five normal mice 

injected with normal mouse blood and five mice injected 

with 100 TD^Q tumor cells. 

Coulter Counter Studies. Fresh heparinized whole 

blood was obtained as previously described. Total 
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leukocyte counts (40, 42), erythrocyte counts, hematocrit 

per cent, hemoglobin concentration, mean corpuscular 

hemoglobin, and mean corpuscular hemoglobin concentration 

values were obtained with the Model S Coulter Electronic 

Particle Counter (53)* 

Hemoglobin Electrophoresis. Whole blood was collected 

as previously described. Five-tenths ml of whole blood J 

was washed by centrifugation with 10 ml of physiological 
I 

saline in a Model CL International Clinical Centrifuge i 

at 2000 x g for J min. to pack the erythrocytes into a 
i 
I; 

bead. The supernatant was removed, and 1.25 ml of j 
!: 

Hemolysate Reagent (Helena Laboratories) was added to the 

0.25 ml of packed red cells. The solution was shaken 

vigorously for 15 sec to lyse the erythrocytes (26). The 

hemolysate, a normal control hemolysate, and a hemoglobin 

control Hemo AlFSA (Helena Laboratories) were applied 

to a Titan III cellulose acetate strip backed by mylar 

plastic (Helena Laboratories). Freshly prepared Supra 

Heme Buffer (Helena Laboratories) was diluted to 1200 ml. 

The strips were electrophoresed at 500 V for 20 min. j 

After electrophoresis t}ie strips were stained in Ponceau S 



(Helena Laboratories) for 5 min., destained in 5 successive 

washes of 5 P©*" cent acetic acid for 2 min. each, 

dehydrated for 2 min. in fresh methanol, and cleared in 

a solution of glacial acetic acids methanol (1:5/ v/v) 

for 2 min. The strips were air dried and scanned at 

525 nm with a Model 542a Universal Electrophoresis 

Densitometer (Photovolt, New York). A Model 49 Integraph 

Integrator (Photovolt) was used for quantitation. 

Fatty Acid Studies. Whole blood was collected as 

previously described from five normal mice and from five 

tumor-bearing mice 5, 6, 9, 12 DPI and immediately 

frozen for later analysis. Lipid material was extracted 

by the methods of Folch, et al., (l6, 20) and Brian (6-9) 

with some modifications. All solvents were purified 

before use. Twenty ml chloroform-methanol (2:1, v/v) 

and J ml of 0.9 per cent Nacl were added to 1 ml whole 

blood in a separatory funnel, shaken vigorously for 

several minutes, and allowed to separate into phases. 

The chloroform phase was transferred to a 15 x 150 mm 

screw-cap tube with a teflon-lined cap. 

The chloroform phase was taken to dryness with a 

stream of nitrogen (40°C). One half ml of a Cyj standard 
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(9) and 1 ml of 0.5N NaOH in methanol were added and the 

closed tube was placed in boiling water for 5 min. The C 
XI 

standard consisted of 1 mg/ml of heptadecanoic acid 

(Applied Science Laboratories) in methanol. Two ml 

of BCl-j (10$)-CHjC)H (Applied Science Laboratories) were 

added, and the closed tube was heated for 2 min. at 100°C 

(35i 36). The tube was cooled and the contents were 

transferred to a 30 ml separatory funnel. The screw-cap 

tube was washed with 6 ml of chloroform which was then 

added to the separatory funnel, followed by 1.8 ml of 

distilled water. The chloroform phase was evaporated with 

nitrogen and 0.5 ral chloroform was added to the residue. 

Two microliters of the sample were injected into 

an Aerograph gas chromatograph (varian Associated, Palo 

Alto, California? Model 204-lc) with a flame ionization 

detector. Columns (5 ft. x 1/8 in.) containing 15 

per cent diethylene glycol succinate polyester on 

Chromosorb w (60/80 mesh) were operated at l80°C. 

Detector and injector temperatures were 225°C and the 

nitrogen flow was 25 ml/min. respectively. Range was 
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10*™ 10 and attenuation was 16. Areas of peaks were 

calculated by multiplication of peak height by peak 

width at 1/2 height. 



RESULTS AND DISCUSSION 

The quantitation of the dosage of this tumor line 

is shown in Table 1. The tumor dose to the 50 per cent 

endpoint was 1.2 x 10^ cells. An injection of 1.2 x 10® 

cells always leads to tumor production in DBA/1J mice, 

with death resulting in 12.5 days. 

The mean death rate and mean rate of tumor appearance 

in mice injected with whole blood from tumor-bearing 

animals are shown in Table 2. All the mice followed the 

pattern typically seen in mice injected with tumor cells. 

The mean rate of tumor appearance was 6 days following 

injection of the blood. The mean death rate was 12 

days following injection of the blood. The appearance 

of the tumor following the injection of whole blood 

indicated that the factor causing the tumor to develop 

in susceptible mice is carried in the blood of the 

tumor-bearing animals. The presence of this factor 

in the blood stream of tumor-bearing animals suggested 

that the study of various blood parameters is essential 

in elucidating the characteristics of this tumor line. 

12 



Table 1. Dosage quantitation of the Tumor Line. 
DBA/1J mice were injected with various numbers 
of tumor cells in a total volume of 0.2 ml of 
PBS. The Reed-Muench (4l) method was employed 
to determine the tumor dose to the 50 per cent 
endpoint. 

13 

Cell Mortality Number Number Accumulated Values Mortality % 
Number Rate Died Survived Died Survived Rate 

0 0/8 0 8 19 8 19/27 70 

1 x 10- 8/8 8 0 19 8 19/27 70 

1 x 106 8/8 8 0 11 8 11/19 58 

1 x 105 3/8 3 5 3 13 3/16 19 

1 x 1Q4 0/8 0 8 0 21 0/21 0 

Titer=1.205 x 10 

6 

TD$q*>1.205 x 10 
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Table 2. Transfer of the tumor line by 
injection of whole blood from tumor-
bearing animals of the same strain. 

Mean Tumor 
Appearance 

(Days) 

Mean Death 
(Days) 

Inj. of Blood 12 

Controls 
Normal Mice 

Inj. of 100TD 
50 

0 

6 

0 

12 
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The decided increase in leukocyte (WBC) levels 

effected by the injection of tumor celis in DBA/lJ 

mice is clearly shown in Figure 1. The leukocyte level 

was well within the normal range prior to the appearance 

of the tumor (day 3)/ and began to increase with the 

appearance of the tumor (day 6). At this time the 

mean of the different cell counts was at the upper 

limit of the normal range indicating a trend of increas-

ing white cells with the growth of the tumor. By the 

midpoint between appearance and death of the animal 

(day 9)/ the mean of the cell counts had increased to 

a level slightly above the upper limits of the normal 

values. Days 3/ 6, 9 indicated only a trend toward 

increasing white cell populations with increasing 

tumor growth, when the animals died (12 days post injection)/ 

there was almost a 4-fold increase in the leukocyte 

counts,indicating a marked increase in the white cell 

population. Normal values agreed with published values 

(15, 17/ 23, 44). 

Antigen-antibody responses of the white cells may 

indicate a possible explanation for the increase in 
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Fig. 1 Total WBC counts made from peripheral blood of 

mice bearing lymphosarcoma 3, 6, 9, and 12 days post injec-

tion of 1.2 x 10 tumor cells. Vertical lines represent 

ranges of the WBC counts, and horizontal dashed lines rep-

resent normal ranges. ' 
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leukocytes accompanying increased tumor growth. Also, 

since some white cells are phagocytic (18), an increase 

in total white cell number might indicate an attempt 

by the host to fight thai growth of th« tumor by i«er<s§.Bi«g 

the phagocytic action of the blood through increased 

numbers of the phagocytic white blood cells (as seen in 

Part n). The need for additional white blood cells to 

remove toxic materials produced by the rapid growth of 

the tumor may be another explanation for the observed 

results. Further studies of the antigen-antibody responses 

must be done before any conclusive explanations for the 

increase in WBC can be presented. White cells are increased 

during the progress of leukemia; however, an increase 

in WBC does not automatically indicate the presence of 

a leukemia. It may be a secondary response to another 

neoplastic process such as a lymphosarcoma. 

The normal platelet counts in these mice,which 

agreed with published data (15, 17, 2?, 44), and the 

decrease in platelet counts accompanying tumor growth 

are shown in Figure 2. Three days and 9 days after 

injection of 1.2 x 10® tumor cells, platelet counts showed 

a marked decrease from the normal range. On days 6 
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and 12, the platelet count was increased over days 5 

and 9 but was still below normal values. These results 

did not agree with those of Bagdasarov and workers (5) 

or with those of Rosner and associates (45)/ who reported 

an elevation of platelet counts accompanying pulmonary 

carcinoma and myeloblastic leukemia, respectively. 

Rosner and associates (43) reported the possibility of 

intravascular clotting as a side effect of the leukemia. 

They noted the presence of clotting defects related to 

hepatic incompetence, fibrinogen deficiency, and the 

elevation of one or more coagulation components accompany-

ing the increase in platelets in myeloblastic leukemia. 

The clotting mechanism associated with this tumor line 

has not been studied; therefore, no conclusions can be 

drawn as to the connection between the lowered platelet 

counts and the clotting mechanism. The replacement of 

bone marrow, as in leukemia, carcinoma, sarcoma, lymphoma, 

or granuloma may be due to decreased platelet production 

(40). Much work needs to be done to determine the 

significance of the decreased platelet production 

associated with this tumor line. 
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Fig. 2—Platelet counts made from peripheral blood of 

mice bearing lymphosarcoma 3, 6, 9, and 12 days post injec-

8 

tion of 102 x 10 tumor cells. Horizontal lines represent 

normal ranges, and vertical lines represent ranges of counts 

from tumor bearing mice. 
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A progressive decrease in the number of erythrocytes 

(RBC) is shown in Figure The mean of the RBC count 

coincided with the lower limit of the normal range by 

three DPI (prior to the appearance of the tumor). The 

range of the RBC count taken from tumor-bearing animals 

was decreased from the normal range by 6 DPI. On days 

9 and 12, the range of counts decreased, and the cell 

counts were progressively smaller until there was a 

significant decrease in the RBC count at day 12. 

Figure 4 shows the change in the mean corpuscular 

volume (size of RBCs) as tumor growth progressed. After 

3 days post injection, the RBC volume was increased over 

the normal value. By day 6, the volume was approaching 

the normal value with the lower range of the measurement 

lying within the upper range of the normal values. 

By day 9, the volume was again higher than normal, and 

it continued to increase through day 12. The increase 

in RBC volume followed an increase in the volume of 

white blood cells associated with the transformation 

of those cells (see Part II). 

A trend toward a decrease in the hematocrit per 

cent (per cent of packed RBG's) is shown in Figure 5-
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Fig. 3—Total erythrocyte counts made from peripheral 

blood of mice bearing lymphosarcoma 3, 6, 9, and 12 days post 

8 

injection of 1.2 x 10 tumor cells. Horizontal dashed lines 

represent ranges of normal values, and vertical lines rep-

resent ranges of RBC counts. 
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Fig. 4—Mean corpuscular volume determined from periph-

eral blood of mice bearing lymphosarcoma 3, 6, 9, and 12 days 

post injection of 1.2 x 108 tumor cells. Horizontal dashed 

lines represent ranges of normal values, and vertical lines 

represent ranges of volumes from tumor-bearing mice. 
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Fig. 5 Hematocrit per cent determined from peripheral 

blood of mice bearing lymphosarcoma 3, 6, 9, and 12 days 

post injection of 1.2 x lo8 tumor cells. Vertical lines rep-

resent ranges of the hematocrit per cents of the tumor mice, 

and horizontal lines represent ranges of the normals. 
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On day 5, the hematocrit per cent was within normal 

limits7 whereas, the mean of the hematocrit per cent 

on days 6, 9, 12 was outside the lower limit of the 

normal values. The hematocrit per cent on day 9 showed 

a slight increase over days 6 and 12 with the upper 

range of the day 9 values being within the normal range0 

The overall increase in the mean corpuscular volume and 

the overall decrease in hematocrit per cent indicated 

that while the number of RBC was diminishing, the volume 

of the individual cells was increasing,, 

Figure 6 shows the total hemoglobin (HGB) values 

associated with tumor growtho The hemoglobin values remained 

within the normal range until just prior to the death of the 

animal (day 12). At day 12, the hemoglobin value was 

slightly lower than normal. The trend seemed to be for 

the hemoglobin values to remain within the normal range. 

Mean corpuscular hemoglobin (MCH) values showed a 

different picture (Figure 7). The mean of all values 

was increased over the normal range; however, the lower 

limits of the values on days 5 snd 6 were within 

the normal range. The mean corpuscular hemoglobin was 
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Fig. 6—Total hemoglobin values determined from periph-

eral blood of mice bearing lymphosarcoma 3, 6, 9, and 12 

8 

days post injection of 1.2 x 10 tumor cells. Horizontal 

dashed lines represent ranges of normal values. Vertical 

lines represent ranges of treatment values. 
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Fig. 7—Mean corpuscular hemoglobin determined from 

peripheral blood of mice bearing lymphosarcoma 3, 6, 9, and 

12 days post injection of 1.2 x 108 tumor cells. Horizontal 

dashed lines represent normal ranges. Vertical lines rep-

resent hemoglobin ranges of blood from tumor bearing mice# 
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greatly increased on day 9, midway between the appearance 

of the tumor and the death of the animal. Figure 8 

shows the mean corpuscular hemoglobin concentration 

(MCHC). The mean of the MCHC per cent for day 3 was 

within the range of the normal values. On day 6, the 

time of tumor appearance, the MCHC per cent was greatly 

increased over the normal range. The MCHC per cent for 

day 9 lay essentially within the normal range twith the 

mean value being at the upper limit of the normal range. 

The value on day 12 was slightly decreased from the 

normal range. 

Too much emphasis should not be placed on the mean 

corpuscular volume since even normal mouse blood can 

show a marked degree of anisocytosis (23). If the MCV 

values were not considered, the essentially normal 

to low hemoglobin concentration, the low hematocrit 

per cent, and the varying MCHC values indicated a 

normochromic anemia present in the tumor-bearing animals 

(30, 31» ^7)- Lochner and workers (31) associated 

normochromic anemia with blood dilution caused by an 

increase in total blood and plasma volumes. Desforges 
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and associates (14) reported that in overt malignant 

lymphoma and leukemia, both hemolysis and marrow 

insufficiency may play a role in the pathogenesis of 

fenfemiiu Othnsr wos?K#»ii sugi*efc®d that eh* an«mia 1* out 

of proportion to the anatomic involvement and stems 

from mild hemolysis together with relative marrow 

insufficiency (27, 37# ^6). Taylor and pollack (47) 

postulated that an antagonism could account for the 

observed anemia associated with this tumor line. 

Troup and workers (48) postulated that the develop-

ment of anemia in the leukemic patient was a consequence 

either of varying combinations of decreased erythropoiesis 

with normal or increased red cell destruction or loss 
* 

of normal or increased erythropoiesis with increased 

red cell destruction or loss. Many researchers feel, 

however, that the anemia associated with malignancy 

is a "secondary anemia", so called because it is not 

yet possible to be precise in defining the pathogenesis 

of the anemias that occur concurrently with other 

diseases (JO, 47). It appears likely that the anemia 

cause lies in the erythropoietic system with a resulting 
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partial supression of the formation of red cells and 

defects in those which are produced. The anemia of 

disseminated malignancies is not uncommon, and it is 

doubtful if a single mechanism operates in the pathogenesis 

(30). 

The determination of hemoglobin in mice is valid 

and is based on the assumption that all hemoglobins have 

the same composition as human hemoglobin (23). In 

practice little is known about the hemoglobin of rats 

and mice (23)• Results of electrophoresis of the 

hemoglobin of the tumor-bearing mice are shown in 

Figure 9. Mouse hemoglobin includes the Al, A2, and S 

fractions, determined by electrophoresis of the hemoglobin 

against known standards. Hemoglobin fraction Al was 

elevated above normal on day 3; whereas, fraction A2 

and S were lower than normal on day J. On day 6, Al 

was again elevated with A2 and S being depressed. By 

day 12, all the hemoglobin fractions were depressed. 

The depression of all the hemoglobin fractions agreed 

with the depression of the total hemoglobin at day 12 

as seen in Figure 6. The differences in the hemoglobin 
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fractions have been found to be due to differences in 

peptide composition (5). Although the discovery of 

abnormal hemoglobins has established a molecular basis 

for a number of diseases, almost nothing is known about 

the connection between molecular structure and physiological 

defect (5). 

The percentage of fatty acids occurring in blood 

lipids of tumor-bearing mice at various stages after 

ft 

injection of 1.2 x 10 tumor cells is seen in Table 

The tetradecanoic acids (cl4:0) showed few changes 

throughout the period of tumor growth. The Cl6:0 acid 

(hexadecanoic) decreased beginning with 3 DPI, showed 

a slight elevation 6 DPI, then decreased again until 

12 DPI. Cl6 was at its lowest level on 12 DPI. The 

hexadecenoic acid (Cl6:l), octadecanoic (cl8:0), and 

octadecenoic acid (cl8:l) showed essentially no changes 

throughout the period of tumor growth. The octadecadienoic 

acid (Cl8:2) showed a continual elevation beginning with 

3 DPI and continuing until 12 DPI. The eicosatetraenoic 

acid (C20:4) was slightly elevated J DPI but by 6 DPI 

had returned to the normal range. These data disagreed 
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Table 3- Percentage of fatty acids occurring 
in blood lipids of tumor-bearing mice at 
various time intervals after injection of 
1.2 x 108 tumor cells.a 

Days Post Injection 
Patty Acids 0 3 6 9 12 

14: 0 1 tracec 1 trace trace 
16: 0 33 25 30 28 24 
16: 1 1 1 1 1 trace 
18:0 11 11 11 9 11 
18: 1 20 19 21 25 20 
18:2 24 26 25 26 35 
20:4 9 14 9 9 9 

aAverage per cent fatty acids of blood from 5 mice. 

Number preceding colon indicates number of carbon atoms 
and number after colon designates degree of saturation. 

cTrace - less than 0.5 per cent. 
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with that of Uezumi and workers (50) who reported an 

elevation of palmitoleate (Cl6:l) and stearate (cl8:0) 

and a decrease in linoleate (cl8:2) in the tumors of mice 

bearing m«thylaholanthr»n«- , m Saraom*, croak«r 

Sarcoma l80, and Harding-Passay melanoma. Ueta and 

associates (49) and Yamakawa and Ueta (52) also reported 

an elevation of stearic acid (cl8:0) in ascites tumor cells, 

DeAlvarez and workers (2) reported a reduction in linoleic 

acid (Cl8i2) and an elevation of palmitic (Cl6:0) in 

carcinomas which is the opposite of this datum. Most 

published reports indicate, about different tumor lines, 

a trend toward saturation of blood fatty acids with a 

marked reduction in linoleic acid (Cl8:2) (1, 2, 49/ 

50); however, Haven and Bloor (24) reported, an increased 

degree of unsaturation of fatty acids in the blood of 

rats growing Walker Carcinoma 256. This latter report 

agrees with the data presented in that an apparent 

trend toward unsaturation is indicated. 

DeAlvarez, Goodell, and Zighelboim (2) postulated 

a tentative endocrine mechanism of fatty acid metabolism 

in malignancy. This mechanism involved a shift in the 
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carbohydrate metabolism, so that fatty acids were mobilized 

at an increasingly rapid rate from fat stores to supply 

the energy necessary for tumor growth (1, 2, 2k). 

Studies by Ciaranfi (15) have shown that animal 

tumor tissue slices are unable to oxidize unsaturated 

fatty acids. This results in elevated serum levels of 

unsaturates. It would be presumptive to propose a 

mechanism to explain the apparent trend toward unsaturation 

in this tumor line until further lipid studies are made. 
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PART II 

Electron Microscopy of Tumor 

Cells and isolated Blood 

Cells 



INTRODUCTION 

Cytological changes in the cells of patients with cancer 

have been described by a number of investigators over the 

past 52 years ( 2 9 , 3 0 , 3 9 , 51 , 58 , 7 3 ) - These observations 

are supported by a number of morphologic and biochemical 

changes which have been described in the tumor-bearing 

host ( 5 , 5 , 15 , 2 5 , 2 8 , 7 8 , 7 9 ) . Scholes ( 7 5 ) has shown 

that histologically normal tissue from areas other than 

the tumor itself, in mice bearing a methylcholanthrene-induced 

lymphosarcoma, is tumorogenic and will produce a mature tumor 

after implantation into susceptible mice. 

Literature reviews up to 1958 on the electron microscopy 

of tumor cells are available (7, l6). It is generally 

agreed that the differences between the ultrastructure 

of normal and malignant cells are both of a quantitative 

and a qualitative nature ( 7 ) . Bucciarella ( 9 ) observed 

the presence of a Golgi-like structure within the 

nucleus and suggested that it could represent an alteration 

in the nuclear membrane perhaps associated with the 

42 
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neoplastic process. Chandra (11) reported the formation 

of tubules in association with endoplasmic reticulum 

which might represent morphologic manifestations of 

pathologic changes taking place within affected cells. 

Haguenau and Bernhard (31) and Bernhard (7) reported that 

the nuclear membrane of cancer cells does not differ 

morphologically from that of normal cells. The swelling 

of mitochondria, preceded by ultrastructural defects, 

is very frequently encountered in cancer cells (7, 18, 

22, 60). Tumor mitochondria may be much smaller and 

more dense than normal, appear to be very dense particles 

without any visible inner structure, and be limited by 

a single membrane (7, 18). The endoplasmic reticulum 

is frequently altered,ranging from normal to small 

or large spherical vesicles#in tumor cells (7). Cyto-

plasmic inclusions of various types»including those 

due to the continuance of secretory functions in the 

cancer cell of glandular origin, degenerative inclusions 

such as fat and myelin complex figures, and inclusions 

of viral origin frequently found in virus tumors,are 

often visible — for literature see Bernhard (7). 
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Characteristic features of tumor cells can be summarized 

as follows: atypism of the cells and cytoplasmic 

organelles, de-differentiation, and variability of 

morphology of tumor cells (60). 

Many reports are available on the light and electron 

microscopy of normal blood ( 4 , 2 7 , 33* 3 4 , 4 7 , 6 4 , 7 7 ) . 

Blood of patients with lymphosarcoma frequently becomes 

leukemic ( 3 5 ) an<^ is characterized by an increased 

percentage of atypical cells which include one of two 

types; cells which are usually seen in the blood or 

bone marrow or cells not usually seen in the blood or 

bone marrow ( 7 4 ) . A number of investigators have 

observed the presence of tumor cells in the blood of 

patients with carcinoma ( 2 0 , 40 , 42 , 6 8 , 7 1 ) . Other 

investigators have shown malignancy associated changes 

in blood cells and bone marrow cells (8, 17, 30, 35-37, 

39, 50, 51/ 55-57, 72-74). 

The majority of mitochondria present in leukemic 

cells exhibit the classical fine structure,although 

they may have marked alterations such as swelling, 

dissolution, invagination of mitochondria membranes, 
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or fragmentation and/or curling of cristae (1, 4, 47). 

Acherman, Grasse, and Knouff (l) also reported the loss 

of density of cristae, and the appearance of moderately 

dense finely granular material. Fibrillar formation can 

be observed in both normal (4, 24, 47/ 64) and in 

leukemic cells (4, 24, 47)* however, these fibrous 

areas in normal cells are not as numerous or as highly 

organized (24). Parker and associates (62) concluded 

that fibrils are a normal component which is probably 

exaggerated in both reactive and neoplastic processes. 

Nuclear blebs, which seem to arise from extrusion of the 

nuclear envelope and nucleoplasm in arching sheets, may 

be seen in leukemic cells (52, 54). Smith and O'Hara 

(77) postulated that nuclear pockets or blebs in human 

leukocytes are the products of cytoplasmic indentation 

of the nuclear membrane. Nuclear atypism observed in 

atypical blood cells included coarse irregular chromatin 

clumps, irregularly prominent nuclear membrane, multiple 

regular areas of chromatin clearing with central 

pinpoint chromatin condensation, and nuclear lobulation, 

folding and layering (12, 30, 39, 51/ 55/ 57/ 57, 58). 
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Leukemic blood cells may show cytoplasmic globules associated 

with or separate from the Golgi complex and containing 

lipid material, myelin figures, or a very dense material 

(44) . 

Techniques for isolating leukocytes and, more 

specifically,lymphocytes from whole blood are available 

( 1 0 , 13 , 38 , 76). Various techniques have been reported 

for the separation of leukocytes from blood, based on 

the glass-adherent characteristics of the various 

leukocyte cell types ( 2 6 , 41 , 45 , 6 6 , 69 , 7 0 , 8 0 ) . 

One drawback to the separation procedures is the contami-

nation of the isolated cell suspensions by erythrocytes. 

These can be removed by hypotonic shock ( 2 1 , 46 , 8 0 ) 

or by antisera agglutination (8l). Another drawback 

to separation procedures is the recovery of viable cells. 

Although various means for determining viability of the 

isolated lymphocytes are available ( 1 4 , 3 2 , 6l, 6 3 , 69), 

and one of the most useful, rapid, simple methods 

for determining viability of cells is staining with 

supravital dyes ( 3 2 , 49 , 6l, 69). 



MATERIALS AND METHODS 

Tumor Line. Male DBA/lJ mice, 12 weeks old, were 

obtained from Jackson Memorial Laboratory, Bar Harbor, 

Maine. The animals were fed a diet consisting of commercial 

Purina Laboratory Chow and water jad libitum. The tumor 

used was a lymphosarcoma maintained in this laboratory (75). 

The tumor was in its l6^rd passage and killed the mice 

in an average of 12.5 days. Transplantation of the 

tumor was performed by injecting 1.2 x 10^ tumor cells 

(100 TD^Q) subcutaneously in the right anterior axial 

region. 

Electron Microscopy of Tumor Cells. Tumor cells, 

isolated by incubation in 0.05 Per cent Trypsin and washed 

in phosphate buffered saline (pH 6.8), were prepared 

for electron microscopy by a prefixation for 24 hr. in 

a refrigerator in 2 ml of 4 per cent glutaraldehyde 

(j.T. Baker Chemical Company) in 2 M cacodylate (Fisher 

Scientific Company) buffer (pH 7.4). The cells were 

centrifuged at 2000 x g in a Model CL International 

47 
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Clinical Centrifuge, rinsed twice (5 min. each) in 

2 M cacodylate buffer (pH 7.4), and post-fixed for 1 

hr. in 2 per cent osmium tetraoxide (Fisher Scientific 

Company) in Q.lM cacodylate buffer (pH 7.0) at 10°C. 

After osmium fixation the cells were rinsed twice (5 min. 

each) in 0.1 M cacodylate buffer (pH 7 . 4 ) , dehydrated in 

a graded alcohol series consisting of successive 

washes in 50, 50/ 75/ 95# and 100 per cent ethanol 

suspended in propylene oxide-epon (1:1, v/v)p and embedded 

in Epon ( 48 ) 0 Polymerization of the Epon resin was 

carried out in a 6o°C dry-heat oven for 48 hr. Thin 

sections were obtained with a Porter-Blum Ultramicrotome 

(MT-2) using a diamond knife. Sections were then mounted 

on 200-mesh copper grids, stained with uranyl acetate 

and lead tartrate (25)# and examined with a RCA EMU-3G 

electron microscope operating at 50 kv with a 30 p. 

aperture. 

Blood Counts. Peripheral blood was collected 

by venous puncture 4, 8, and 12 days post injection 

8 

(DPI) of 1.2 x 10 tumor cells and leukocytes were 

counted (53, 65). Blood smears for differential cell counts 
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were stained with Cameo's Quick Stain (scientific 

Products) for counting. Controls consisted of blood 

from normal mice. A minimum of 500 cells was counted 

for differential call counts. 

Lymphocyte isolation. Lymphocytes were isolated 

from normal mice and from tumor-bearing mice 3# 6, 9, 

and 12 days post injection. Blood was collected in a 

heparinized syringe by axillary cutdown of the left 

anterior axial region. Sodium heparin (Nutritional 

Biochemicals Corporation) was used as the anti-coagulant. 

Five-tenths milliliter of 5 P©r cent polyvinyl-

pyrollidione-K-90 (Matheson Scientific, Inc.) in 0.89 

per cent NaCl in double distilled water was added to the 

heparinized blood and mixed well. The blood was trans-

ferred to a 5 ml graduated cylinder, covered, and placed 

in a yj°C incubator. The erythrocytes were allowed to 

settle until approximately 1/2 plasma and 1/2 erythrocytes 

were observed. This procedure usually took 15-25 min. 

Plasma was centrifuged in a Model CL International Clinical 

Centrifuge (International Equipment Company) at 2000 x g 

for 10 min. to recover undifferentiated leukocytes. The 

cell mass was prepared for electron microscopy as 

previously described. 
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Plasma was transferred from the settling tube to 

a glass bead-filled-syringe-.fitted with a stopcock 

(Bard-Stille Select-A-Flow Cannula, C.R. Bard, Inc., 

Mu*Tfcy Hill# El. J.) for lymphoaytA isolation. Th© glass 

beads ( 1 0 0 - 5 0 0 5 / Minnesota Mining and Manufacturing 

Company) were coated with gum arabic (Matheson, Coleman 

and Bell). Coated beads were obtained from Dr. Tom Rogers, 

NASA-MSC, Houston, Texas. Plasma was added to the 

column until the glass beads were just covered. The 

column was incubated at 57°C for 15 min. After incubation, 

lymphocytes (contaminated with erythrocytes and platelets) 

were gently washed from the column with 0.89 per cent 

NaCl, usually applied at a flow rate of 15-20 drops per 

min. The filtrate was centrifuged at 150 x g at 4°C 

to settle the erythrocytes and lymphocytes and leave 

the platelets suspended. The sedimented cells were 

resuspended in 0 .15 M NH^Cl for 10 min. ( 4 6 ) . The 

hemolysate was centrifuged at 150 x g and the sedimented 

lymphocytes washed twice in 0.89 per cent NaCl. The 

cells were centrifuged again and resuspended in calf 

serum (Grand Island Biochemicals) to facilitate staining 
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and to determine the purity and viability of the 

preparation,, Cell smears stained with Cameo's Quick Stain 

were used to determine the extent of RBC, platelet, and 

leukocyte contamination. 

Viability Studies. Isolated lymphocytes were 

incubated in 0 o4 per cent Trypan Blue (Allied Chemical 

Corporation) solution for 5 min.for viability studies<, 

Viability was determined by Trypan Blue exclusion 

(52/ 49# S i , 69) of cells suspended in calf serum at 4°C 

and 26°C/ 2, 4, 6 hr. post-isolation. A minimum of 500 

cells was counted. 

Trypsinized tumor cells were incubated in calf 

serum at 4°C and 26°C for 2, 4# and 6 hr0 viability of 

the tumor cells was determined by Trypan Blue exclusion 

(32, 49, 61, 69)o 

Plasticware or glassware siliconized with Silicad 

(Clay-Adams, incorporated) or Dimethyldichlorosilane 

(Cal Biochem) was used for all operations. 



RESULTS AND DISCUSSION 

Tumor cells isolated by trypsinization are seen in 

Figures 1 through 4. All four micrographs show similar 

features. Mitochondria ranged in appearance from apparently 

normal organelles with well defined cristae to enlarged 

or swollen organelles with curling or fragmentation of 

ctistae. Dissolution of mitochondria into fragmented 

structures associated with,or a part of, myelin figures 

was also evident. Some mitochondria appeared to have 

lost their electron density either with regard to the 

mitochondria as a whole or just the cristae. Several 

of the mitochondria showed the presence of inclusion 

bodies which were either highly electron dense or 

moderately dense finely granular material. Similar 

observations were reported by Bernhard (7) on various 

tumor cells and by Ackerman and associates (1) on 

myeloblastic leukemia cells. Mitochondria from tumor 

cells exhibited a large number of variations in 

size, form, density, and the presence of inclusion bodies (7). 

52 



Key to Abbreviations 

G centriole 
EG eosinophil ITS granule 
ER endoplasmic reticulum 
ff fibrils 
G Golgi apparatus 
Gr granule 
M mitochondria 
mf myelin figure 
N nucleus 
NM nuclear membrane 
NP nuclear pore 
NU nucleous 
V vacuole 
NI nuclear inclusion 
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Fig. 1—isolated tumor cell from mice bearing lympho-

sarcoma. x 19/250 
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Fig. 2—Isolated tumor cell from mice bearing lympho-

sarcoma. x 19/250 
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Fig. 3—isolated tumor cell from mice bearing lympho-

sarcoma. x 19,250 
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Fig. 4—Isolated tumor cell from mice bearing lympho-

sarcoma. x 19/250 
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The Golgi apparatus appeared to be fairly well 

developed and generally was located near the centriole 

(Fig. 3). Numerous small vesicles appeared to arise 

from the Golgi complex. No ultrastiructural difference 

in the Golgi apparatus between normal and tumor cells 

was observed. This agrees with the lack of description 

of any difference in the literature review reported by 

Bernhard (7)« 

Fibrillar formations were usually observed in 

conjunction with the endoplasmic reticulum. Ackerman 

and associates (1) postulated that the fibrillar formation 

represented a modification of the endoplasmic reticulum. 

The fibrils might have developed by the condensation 

of strands or flattened sacs of endoplasmic reticulum 

aligned parallel to one another which, having become 

dissociated from their RNA granules, exhibited loss of 

electron density with the resultant formation of a 

poorly-defined laminated fibrous-like mass. 

Endoplasmic reticulum was present in abundance, 

usually in the form of small sacs either associated with 

or without RNA-rich granules. Some of these sacs were 
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swollen and contained a homogenous, apparently structure-

less substance of medium density. Such pictures have 

been described by others (7)* £>ut since they can also 

be found in cells participating in inflammatory processes 

(67)» they do not seem to merit particular attention 

(l, 7). 

The nuclei in Figures 1 through 4 showed a character-

istically atypical appearance. Coarse irregular chromatin 

clumps were evident. The nuclear membrane was irregular 

and highly prominent and in some cases appeared to be 

separated in such a manner that the outer membrane of 

the double membrane complex appeared to be pulled away 

from the inner membrane (Fig. 2). The centers of the 

nuclei appeared to be relatively free of chromatin with 

concentrated areas of chromatin arranged along the nuclear 

membrane. Central pinpoint areas of chromatin condensation 

were also observed. Nuclear atypism has been reported 

by many workers (7)7 however, Haguenau and Bernhard (31) 

have reported that the nuclear membrane of tumor cells 

does not differ structurally from that of normal cells. 

The cytoplasm of the tumor cells became more basophilic 

with increased appearance of diffusely dispersed RNA 
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particles and an endoplasmic reticulum system which tended 

to disappear. This transition of the ctyoplasm from its 

regular non-basophilic state with relatively few dispersed 

RNA particles to a highly basophilic state has been 

reported by several workers to be oneof the characteristics 

of the cytoplasm of cancer cells,according to the literature 

review by Bernhard (7)« 

Differential counts of leukocytes remained within 

the range of normal mice (2, 3) with the exception of 

the lymphocytes (Table 1). As tumor growth progressed, 

the percentage of normal lymphoyctes decreased from the 

normal 74 per cent to 24 per cent, indicating that some 

of the transformed mononuclear leukoyctes might be 

transformed lymphocytes. Atypical or transformed 

mononuclear leukoyctes were evident by 4 DPI of 1.2 x 10® 

tumor cells. By 8 DPI 33 Per cent of the leukocytes were 

transformed mononuclear leukocytes; and by 12 DPI, 50 per 

cent of the leukoyctes were transformed. 

Iwao (36) reported that with continuous growth of 

carcinoma, lymphocytes of the host were progressively 

exhausted to an extent which resulted in a reduced 
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Table 1. Differential WBC Per Cento Differential 
WBC counts taken from Cameo's Quick Stain of 
peripheral blood from mice bearing lymphosarcoma 
4, 8, and 12 days post injection of 1.2 x 10® 
tumor cells0

a 

Days Post Injection 

0 4 8 12 

Polymorpho-
nuclear 
Leukocytes 

0.1 
(0-1.8) 

0*1 
(0-lo5) 

0.7 
(0o2-1.9) 

0»3 
(0o3-0o5) 

Lymphocytes 73*8 
(51-85.6) 

46*4 
(4l.7-68o7) 

35.2 
(19-49.6) (16.5-27.5) 

Transformed 
Mononculeo-
cytes^ 

0 15O3 
(10O4-31.2) 

33ol 48.5 
(30.4-35o2) (45.0-52.7) 

aRanges are reported in parentheses. 

b 
Transformation based on enlarged size and presence of 
vacuoles seen under light microscopy,. 
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lymphocyte count. The decrease in lymphocyte count as 

tumor growth progressed could be due to an exhaustion of 

the host lymphocytes or to the increasedtransformation 

of the lymphocytes as tumor growth progressed. The 

presence of atypical mononuclear leukocytes in the blood 

of tumor-bearing animals may indicate a transformation 

of the blood cells due to a transmissible factor associated 

with the tumor mass. 

Normal mononuclear leukocytes are seen in Figures 5 

and 6. The chromatin in the nucleus appeared to be 

fairly evenly spread over the entire nucleus. Few mito-

chondria were evident; although some of the mitochondria 

present did exhibit some atypism. The nuclear membrane 

of the normal' cells appeared to be closely joined to the 

nucleus without the separation of the double membrane 

observed in malignant cells. The cytoplasm was somewhat 

less electron dense than the nucleus and showed evidence 

of few free highly diffused RNA particles. Little 

endoplasmic reticulum was observed, and Golgi bodies 

were rare. Both of the cells in Figures 5 and 6 showed 

the same characteristics of normal cells as reported 

by Anderson (4), Low and Freeman (47), Hummeler and 

associates (3*0# and Goodman and workers (27). 
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Fig. 5--Normal mononuclear leukocyte x 19,250 
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Fig. 6—Normal mononuclear leukocyte x 19/250 
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Figure 7 shows a normal eosinophil,. The nucleus 

was composed of two lobes and mitochondria and endoplasmic 

reticulum was evident. The eosinophilic granules were 

ssfcsrftftfly ana ox 

in shapeo Their structure suggested a crystal occupying 

a large portion of a membraned vacuole. Goodman and workers 

(27) have suggested that the crystal-like structure seen 

in eosinophils may be an antihistamic substance. The internal 

structure was finely granular around the crystal-like 

structures (4)o Several mitochondria were present and 

ranged in shape from nearly circular to rather long ovals. 

Endoplasmic reticulum was evident, and Golgi apparatus 

was observed. The ultrastructure of the normal eosinophil 

agreed with that reported by others (4, 2f, 47)» 

Blood cells taken from tumor-bearing mice are seen 

in Figures 8 through 11. ̂ Transformed mononuclear leukocytes 

isolated by a procedure for isolating lymphocytes are 

seen in Figures 8 through 10» These cells cannot be 

identified as lymphocytes but may be a transitional form 

due to the malignant process (59). The ultrastructure of 

the transformed mononuclear leukocytes appeared to be 

similar to that of the isolated tumor cells. The 
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Fig. 7--Normal eosinophil x 19/250 
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Fig. 8—Transformed mononuclear leukocyte from mice 

bearing lymphosarcoma, x 19»250 
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Fig. 9--Transformed mononuclear leukocyte from mice 

bearing lymphosarcoma, x 16,120 
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Fig. 10—Transformed mononuclear leukocyte from mice 

bearing lymphosarcoma, x 22/000 
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Fig. 11--Transformed polynuclear leukocyte from mice 

bearing lymphosarcoma, x 19,250 
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mitochondria ranged in size, shape, and internal structures 

from the normal small, oval organelles with well-defined 

cristae to large elongated structures with or without 

well-defined cristae«, Some of the mitochondria showed 

the presence of inclusion bodies; others showed the loss 

of electron density. The general atypical mitochondrial 

features previously described in this paper apply to the 

mitochondria seen in these cells„ This mitochondrial 

atypism agrees with the findings of other workers (1, 

4, 47). The swelling of the mitochondria might be due 

to adsorption of long-chain fatty acids, anoxia, or lack 

of metabolites (19). 

Fibrillar formations were evident (Fig. 9).i Other 

workers have also described fibrils in blood cells from 

patients with malignancy (1, 4, 24, 54, 47, 62)o The 
* 

fibrils are thought to be present in both malignancy 

associated cells and in normal cells but are more numerous 

in the former (1). 

Endoplasmic reticulum was present in the form of 

sacs either associated with or without RNA particles. 

Some of the sacs appeared to contain fragments of the 

cytoplasm and membrane structures (4?, 44). Other sacs 
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contained a homogenous, apparently structureless substance 

of medium density. Anderson (4) has described similar 

structures in both normal and malignancy-associated blood 

cells. Laszlo and workers (44) reported that the 

homogenous substance found in some vacuoles or endoplasmic 

reticulum sacs of leukemic lymphocytes was most likely 

a glycoprotein with its accumulation within the cell 

being definitely abnormal whether or not the glycoprotein 

itself was normal or abnormal. 

As in isolated tumor cells, the nuclei of the 

transformed mononuclear leukocytes showed a characteristic 

atypical appearance (4, 12). The chromatin material was 

aligned along the periphery of the nucleus. Coarse 

irregular chromatin clumps were observed. The nuclear 

membrane was very prominent and showed separation between 

the double membranes of the nuclear membrane. Prominent 

nuclear pores were evident (Fig. 8). The separation 

observed in the nuclear membrane was not attributed to 

fixation artifact since the normal cells, treated in the 

same manner with the identical materials, showed no such 

separation. Anderson (4) showed similar nuclear membrane 
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separation in malignancy-associated cells? however, he 

attributed no significance to the phenomenon. Nuclear 

inclusions were also evident (Fig. 9). These inclusions 

aowld to® due to "fefte formation of nuolear pockets (77) 

or to the interfolding of the nucleus and the enclosing 

of cytoplasmic material (4, 47/ 52). 

The ctyoplasm of the transformed mononuclear leukocytes 

showed the same basophilic appearance observed in the 

cytoplasm of the tumor cells. Diffusely dispersed RNA 

particles were prominent. Anderson (4) showed similar 

cytoplasmic structures in his micrographs. Generally, the 

transformed mononuclear leukocytes exhibited the same 

type of ultrastructure reported by others (4, 47). 

A transformed polynuclear leukocyte, an eosinophil, 

is seen in Figure 11. The cell showed basically the 

same type of nucleus, cytoplasm, vacuolation, endoplasmic 

reticulum, granules, and mitochondria seen in the trans-

formed mononuclear leukocytes. The eosinophilic granules 

were prominent and did not appear to differ from such 

granules seen in normal eosinophils. 

All of the transformed cells, tumor cells, mononuclear 

leukocytes, or eosinophils, showed the presence of myelin 
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figures, it is possible that these figures could be the 

result of the enclosing of endoplasmic reticulum into 

vacuoles, the dissolution of mitochondria and/or be 

structures formed by the isolation of phospholipids in 

aqueous suspension (82). 

Lymphocytes were obtained by fractionation on a 

glass bead column without significant contamination of 

erythrocytes, platelets, or other leukocytes (Table 2). 

Total contamination of the isolated lymphocyte suspensions 

was less than 2 per cent. The major contaminating cellular 

element, erythrocytes, showed less than 2 per cent 

contamination. There have been several reports of hypotonic 

shock being used to remove erythrocytes from mixed 

populations of leukocytes or from isolated lymphocytes. 

Walford, Peterson, and Doyle (83) used distilled water 

treatment for 50 sec. and obtained leukocytes whose 

morphology was not altered when observed in Wright-

stained smears. Fallon, jet _al.(21) used hypotonic saline 

for 30 sec. and obtained viable leukocytes. Thomson, et al. 

(80) showed that hypotonic shock for 30 sec. using distilled 

water actually killed the isolated lymphocytes. The 

use of 0.15 M NH^Cl for hypotonic shocking of isolated 
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Table 2. Per Cent Contamination of Isolated 
Lymphocytes. Isolated lymphocytes were 
examined in a calf serum smear stained with 
Cameo's Quick Stain for contamination by 
other cellular types. 

Cell Types Mean 
( f o ) 

Range 

( f o ) 

Lymphocytes 98.0 95.0-98.0 

Leukocytes Other 
Than Lymphocytes 

0.2 0.1-0.5 

Erythrocytes 1.0 0.5-2.0 

Platelets 0.2 0.1-0.5 
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lymphocytes to remove RBC resulted in viable lymphocytes 

with relatively little RBC contamination. Lichtman and 

Weed (46), using NH^Cl hypotonic shock to remove RBC 

from isolated lymphocytes, reported viable lymphocyte 

recovery based on tissue culture observations and on 

Trypan Blue exclusion tests. Trypan Blue exclusion was 

used in this study due to the demonstrated success and 

precision of the procedure in this system. Leukocyte 

contamination of isolated lymphocytes was less than one 

per cent. Other investigators have reported similar 

results (10, 13, 14, 21, 26, 38, 41, 45, 46, 63, 66, 

39, 70, 76, 80). 

Isolated lymphocytes recovered from tumor-bearing 

mice 4, 8, and 12 DPI and from normal mice which were 

relatively free of RBC or leukocyte contamination showed 

98 per cent viability after 6 hr. of incubation in calf 

serum at 4°C or 26°C as shown by Table 3« Tumor cells 

suspended in calf serum showed 95 cent viability 

after 6 hr. of incubation at 4°C or 26°C. Based on the 

viability data, all experiments involving isolated 

lymphocytes or tumor cells were conducted prior to 
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Table 3* Per Cent Viability of Lymphocytes and 
Tumor Cells. Per cent viability of lymphocytes 
and tumor cells suspended in calf serum at 4 and 
26°C with viability determined by Trypan Blue 
®9seiusion„a 

Time (Hr) Lymphocytes Tumor Cells 
N o r m a l T u m o r ® 

0 99.5 98.4 92.3 
(99.9-98.9) (99.9-98.0) (99.3-85.4) 

2 99.0 98.0 89.3 
(99.9-98.0) (99.9-97-5) (95.3-85.4) 

4 98.0 97.6 87.3 
(99.9-97.5) (99.9-96.4) (95.6-86.3) 

6 98.0 95.5 85.O 
(99.9-97-5) (97.3-93.2) (90.1-83.2) 

aA minimum of 500 cells were observed at each 
time period. 

^Percentage same for lymphocytes isolated from 
tumor bearing mice 4, 8» and 12 days post 
injection of 1.2 x 10& tumor cells. 
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6 hrs. post collection of the cells to insure that only 

viable cells were studied. 
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PART III 

Serum Lactic Dehydrogenase Activity 

and isozymes 



INTRODUCTION 

Lactic dehydrogenase, L-lactate:NAD oxidoreductase 

(1.1.1.27), is the enzyme which catalyzes the conversion 

of lactate to pyruvate, or vice versa, in most living 

cells (14, 21, 56, 5 8 ) . Lactic dehydrogenase (LDH) was 

observed in muscle by Meyerhof (50) as early as 1919 

and was finally crystallized by Staub in 19^0 ( 6 7 ) . 

Hill and Levi (51) first showed the presence of LDH in 

normal human serum and in sera from patients with neo-

plasia. Hsieh, Suntzeff, and Cowdry reported the presence 

of LDH in the serum of mice bearing tumors (3*0 . Other 

reports soon followed describing increased LDH activity 

with tumor growth ( 7 , 23# 28, 29). Bierman and associates 

( 7 ) suggested that although the serum LDH activity was 

not a certain indicator of the presence or absence of 

a neoplastic process, its increased activity in the serum 

of patients with leukemia and in normal individuals 

suggested a relationship between LDH activity and tumor 

growth. In 195& Hsieh and workers (35) reported that 
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serum LDH shows an early rise, a weak regression, 

and lastly a sharp increase in the tumor-bearing mouse 

as tumor growth progresses. In 1957 J.H. Hill (32) 

reported that he could not confirm the work done by B.R. 

Hill and Levi in 1954 (31)• Also in 1957> Hill and 

Jordan (30) reported that serum lactic dehydrogenase 

activity is a sensitive indicator for detection of 

growth, development, and regression of L4946 transplantable 

lymphatic leukemia in AKR mice. Wr6blewski (77) and 

Wr6blewski and Ladue (78) also reported in the late 

fifties the increase of LDH in serum of tumor-bearing 

hosts and concluded that clinical correlation with 

serial changes in body fluid LDH activity may serve to 

reflect the presence and/or proliferative nature of 

malignant tissue. 

The literature on LDH is voluminous and contains 

reports of work on clinical use and also on chemical 

composition (46, 47, 76, 80). Markert and Miller (45) 

proposed the term "isozyme" to describe different molecular 

forms of LDH, malate dehydrogenase, and isocitrate 

dehydrogenase. Plagemann, Gregory, and Wriblewski (54,55) 
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in I960 reported five electrophoretically distinct forms 

of LDH isolated from rabbit and human sera. The simplifi-

cation of mouse LDH to five electrophoretic bands was 

reported in 1969 by Didman and Zerner (20). In 1963 

Markert (44) observed that each LDH isozyme is a tetramer 

which may be dissociated into four polypeptide subunits 

of equal size. Cohn and workers (l6) studied the five 

LDH isozymes and determined that the most electrophoretically 

positive band (LDHH) was "heart type"; whereas, the most 

electrophoretically negative band (LDHM) was "muscle 

type". LDHJJ is involved in aerobic pyruvate metabolism 

which proceeds toward oxidation through the Krebs cycle, 

and LDHm is involved in anaerobic metabolism and the 

formation of lactate from pyruvate (l6, 26, 38, 64). 

Serum LDH activity and isozymes in neoplastic 

disease have been considered by many investigators 

(6, 18, 27/ 39/ 53/ 59/ 68/ 81, 83). Most investigators 

reported an increase in LDH activity accompanying tumor 

growth. Asano and Matsuura (3) reported a fifty per 

cent increase in LDH activity in tumor-bearing animals 

while Sate and Ashikari (6l) reported a two-fold increase 
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in LDH activity in cancer patients. Asano, Niiya, and 

Matsuura (4) reported that LDH activity was elevated in 

mice and rats with cancer, leukemia, and acute hepatitis; 

whereas, no change was observed in non~cancerous gaatric 

disorders, pulmonary TB, chronic hepatitis, or aplastic 

anemia. Nishio and associates (51) reported that the 

level of LDH in mice with transplanted leukemia varied 

irregularly with the time after transplantation and with 

the transplant generation. Jacobson and Nishio (j56) 

proposed that the source of the plasma LDH seen in mice 

with myeloid leukemia was the tumor itself. Merton and 

Solbach (49) observed that the serum LDH of cancer 

patients seemed to arise from tumor tissue or its matrix. 

Some researchers have reported that serum LDH 

activity may not increase above normal levels in tumor-

bearing hosts and thus has little diagnostic value in 

regard to tumor presence (17, 22). 

The electrophoretically slowest migrating, cathodic, 

LDH isozyme 5 or M has been reported by most investigators 

to be increased in the serum or plasma and tumors of 

tumor-bearing hosts (2, 4, 9, 25, 52, 57* 69). Some 
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researchers, however, stated that LDH isozymes 3 (10, 15) 

or 3 ^ (12) are the isozymes which are elevated in 

malignancy. Bohn and Rothenborg (9) declared that LDH 3 

was elevated in malignant melanomas and in basal cell 

carcinomas; whereas, LDH 5 was elevated in other dermatological 

cancers. Widy-Kiersha and Roszkowski (75) reported 

variability in the presence of specifically increased 

LDH isozymes. No difference in the electrophoretic 

patterns of the five serum LDH isozymes of patients with 

malignant tumors was observed by Wuest (79). 

Starkweather and Schoch (65) observed that in order 

for the evaluation of the importance of LDH in clinical 

medicine to be valid, total LDH activity,as well as LDH 

isozyme values,should be considered. Various investigators 

have reported total LDH activity as well as isozyme levels 

(15, 19, 40, 69, 75' 79, 84). The purpose of this 

investigation was to determine the total LDH activity 

and the LDH isozyme values in the serum of mice bearing 

a lymphosarcoma maintained in this laboratory. 



MATERIALS AND METHODS 

Tumor Line. Male DBA/1J mice, 12 weeks old, were 

obtained from Jackson Memorial Laboratory, Bar Harbor, 

Maine. The animals were fed a diet consisting of 

commercial Purina Laboratory Chow and water jad libitum. 

The tumor used was a lymphosarcoma maintained in this 

laboratory (62). The tumor was in its l6jrd passage and 

killafl the mice in an average of 12.5 days. Transplantation 

of the tumor was performed by injecting 1.2 x 10® tumor 

cells subcutaneously in the right anterior axial region. 

Serum Collection. Mice were lightly anesthetized to 

stage 3 of anesthesia with anesthesia grade ether (Fisher 

Scientific Company), and whole blood was collected by 

gravity flow into 75 nun non-heparinized microhematocrit 

capillary tubes (Scientific Products) from an auxiliary 

cutdown of the left anterior axial region. The blood 

was allowed to clot for 1 hr. The microhematocrit tubes 

were sealed and then were centrifuged- in an International 

Microhematocrit Centrifuge (Model MB) for 5 min. Serum 

was collected and used immediately. Only non-hemolyzed 

serum was used (1). 
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Serum was collected from mice bearing lymphosarcoma 

3/ 6, 9, and 12 days post injection (DPI) and from normal 

mice. Four aliquots, each taken from serum pooled from 

5 mice, were used. 

Lactic Dehydrogenase Activity. The specific enzymatic 

activity of the serum samples was determined using the 

method of Wacker et aJ.. (72) with the following modifications 

by the Worthington Biochemical Corporation. The contents 

of a Determatube LDH tube (Worthington Biochemical 

Corporation) was dissolved with 2.9 ml water. At zero 

time, 0.1 ml of serum was added to the tube, mixed by 

gentle inversion, and poured into a cuvette. Absorbance, 

as measured on a Hitatchi 124 Twin-Beam Spectrophotometer 

(Coleman) at JkO mju and read against a solution of 3 mg 

per cent potassium dichromate, was recorded at 30-sec. 

intervals for 3 min. and the average change in absorbance 

per min. determined. One microliter of 12 DPI serum was 

used instead of 0.1 ml, since the larger concentration 

of 12-day serum read off scale after one min. 

The temperature of the reaction mixture at the 

completion of the run was recorded and corrected to 

25°C (temperature correction chart, Worthington Bio-

chemical Corporation). Controls were run simultaneously. 
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Lactic Dehydrogenase Isoenzymes. Fresh serum was 

collected and applied to a Titan III cellulose acetate 

strip (Helena Laboratories). Freshly prepared Electra 

HR buffer, pH 8.8, (Helena Laboratories) was diluted 

to 1600 ml. The strips were electrophoresed at 215 V 

for 20 min. After electrophoresis the strips were 

incubated with Tetrazolium stain and DPN (Titan LDH 

Isoenzyme Kit, Helena Laboratories) in the dark at 57°C 

for 60 min. The strips were then washed in 5 Pe^ cent 

acetic acid for 2 min. and allowed to air dry in the 

dark. The strips were scanned at 570 nm with a Model 

542 A Universal Electrophoresis Densitometer. A Model 

49 Integraph Integrator was used for quantitation. 

Normal serurrv Titan LDH Heart Control (Helena Laboratories), 

and Titan LDH Liver Control (Helena Laboratories) were 

run simultaneously with the serum from tumor-bearing 

mice. 



RESULTS AND DISCUSSION 

Serum lactic dehydrogenase (LBH) was progressively 

increased in tumor-bearing mice accompanying tumor 

growth (Figures 1 and 2). At three days post injection 

of 1.2 x 10^ tumor cells, LDH activity, measured by 

the method of Wacker _et al. (72)- was elevated above 

normal values (Fig. 1). LDH activity continued to 

increase until day 12 post injection when a 500-fold 

increase over normal was observed. LDH activity, measured 

by the method of Wroblewski and Ladue (78), showed a 

somewhat different pattern (Fig. 2). At 3 days post 

injection (DPI) LDH activity was higher than normal; 

however, by 6 DPI LDH activity dropped back to just 

within the upper limits of the normal range. By 9 DPI 

the activity had again increased to a level above normal, 

and by 12 DPI a 4-fold increase in activity was observed. 

The differences noted in the total amount of increase 

of LDH between the two methods employed were not considered 

to be of extreme importance. The important feature to 

be noted was that the total LDH activity increased with 
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increasing tumor growth. Several workers have reported 

an increase in serum LDH activity accompanying tumor 

growth (24, 30, 34, 43); however, Gault and associates 

(24) observed that the serum LDH activity remained at 

the normal level in some patients with carcinoma of the 

lung even during the last month of life and proposed 

that the extent of tumor growth, hepatic involvement, and 

loss of tumor-cell differentiation seemed to relate to 

increased activity of LDH. The elevation of LDH activity 

accompanying the spread of metastases has been reported 

by some investigators (24, 51)- The appearance of an 

abnormally high level of an enzyme in the blood plasma 

has been shown to be indicative of the malfunction of 

certain regulatory mechanisms in the organism (13, 36, 42). 

Several mechanisms to explain the increase in 

serum LDH in tumor-bearing animals have been proposed. 

Since Warburg's early demonstration of elevated glycolysis 

in tumor cells (7,3)' many investigations have been carried 

out on the intrinsic respiration and glycolytic ability 

of neoplasms both in laboratory animals and in humans. 

There appears to be little question that anaerobic 

glycolysis (lactate production in the presence of oxygen) 
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is characteristic of malignant neoplasms in general 

(25/ 42, 48). There has been some speculation as to 

the evidence for impaired respiration of cancer cells, 

which Warburg (74) has reported to be the basic defect 

leading to heightened glycolysis as a compensatory 

energy source. 

The accumulation of LDH in many neoplasms has been 

reported by Meister (48) to be due to a high rate of 

glycolysis or to decreased oxidation of lactate or to 

both. Boxer and Devlin (11) and Boxer and Shonk (12) 

indicated that the only pathway in malignant tumors for 

nonmitochondrial oxidation of reduced NAD formed from 

this oxidation of triosephosphate may be through pyruvate 

reduction. 

The release of LDH from tissues with an unusually 

high LDH content has been proposed by some investigators 

to explain the elevation of LDH in patients with neoplastic 

disease (77/ 82). Mouse tumor has been shown to have a 

high concentration of this enzyme, perhaps related to the 

increased glycolytic characteristic of neoplastic tissue 

(82). Saito and workers (60) and Wr6blewski (77) have 
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postulated that the malignant neoplastic cells liberate 

LDH which results in elevated serum LDH. The release 

of large quantities of cytoplasmic enzymes into the 

interstitial fluids of solid tumor transplants has been 

shown (13* 33/ 60). Other tissues of the host, such 

as muscle or lysed red cells, may have contributed to 

the increase of plasma LDH (13/ 33)- I*DH is one of the 

enzymes most readily lost by the cell; therefore, 

the flow of this enzyme into the extracellular space 

could instigate compensatory mechanisms of the cell 

to synthesize replacement LDH (63). Increased permeability 

of cell membrane and depressed rate of clearance of enzyme 

from the blood stream have been reported to contribute 

to increased plasma LDH levels (60). Alterations not 

connected with metabolic changes caused by the cancer 

in the whole organism may be reflected in the LDH 

concentration of the serum (33)-

The pattern of LDH isozymes noted during tumor growth 

is seen in Figure 3. The "muscle type" isozymes are 

designated isozymes 5 and 4 with isozymes 2 and 1 being 

"heart type". Isozyme 3 is a transitional isozyme 
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linking the other two types. 

LDH 5 isozymes were depressed from the normal values 

throughout the period of tumor growth. LDH 4, 3, and 1 

were elevated above the normal values throughout the 

period of tumor growth. LDH 2 showed an initial elevation 

above and then subsequent depression below the normal 

value throughout the malignancy period. By 3 DPI of 1.2 

Q 

x 10 tumor cells, LDH 5 was depressed with a further 

depression of the isozyme noted by 6 DPI. By 9 DPI, the 

LDH 5 isozyme was at its highest level. At no time 

during the period of tumor growth did LDH 5 equal or 

surpass the per cent of normal LDH 5. LDH 4 was at its 

highest level 3 DPI and decreased steadily until 12 DPI 

at which time the concentration increased to nearly the 

level seen at 6 DPI. At all times LDH 4 was elevated 

above the normal values. LDH 3 was elevated above the 

normal value throughout the period of tumor growth. A 

steady increase in the percentage of LDH 3 was noted 

on days 3» 6, and 9 post injection. On day 12 post 

injection, the percentage of LDH 3 had decreased somewhat 

but was still elevated above the normal value. LDH 2 
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was elevated above the normal value only on day 3 post 

injection. By 6 DPI the concentration of this isozyme 

was slightly below normal and continued to decrease 

until day 12. By 12 DPI the percentage of LDH 2 

increased to a level still below the normal value. 

LDH 1 showed a gradual elevation above the normal level 

beginning with day 3 post injection. By day 9, the per 

eent of LDH 1 had decreased to a point above the level 

seen on day 3. By day 12 post injection, LDH 1 reached 

its highest level. The elevation of LDH isozymes 3 and 4 

agreed with the data published by several researchers 

(10/ 15/ 72); although, many other workers have reported 

an increase in LDH 5 (2, 5, 9, 25/ 51/ 56, 66). widy-

Kierska and Roszhowski (72) reported that an elevation 

of LDH 5 was associated with liver cell damage. LDH 1 

(the isozyme with the greatest mobility toward the anode) 

more readily carries out the aerobic oxidation of pyruvate 

to lactate; whereas, LDH 5 (the most cathodic of the 

isozymes) is involved in anaerobic processes by more 

effectively catalyzing pyruvate reduction (25). LDH 

isozymes 3, 4, and 5 are thought to be facilitators of 

anaerobic glycolysis (19/ 40, 68). 
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The molecular heterogeneity of LDH, as well as the 

variance in substrate inhibition characteristics between 

LDHh and LDHM ,would provide a foundation for the implication 

ot a functional di££ar«ne« in ldb o£ maligftant turn©*?** 

and normal tissue (73)* Findings of a shift toward 

M-type are consistent with and supportive of the previously 

discussed metabolic observations since M-LDH can better 

convert pyruvate to lactate in the presence of a high 

pyruvate concentration (l6, 26, 38, 62). This sustains 

glycolytic activity through replenishment of nicotinamide 

adenine dinucleotide (NAD), which is required as a hydrogen 

receptor in the earlier oxidation of triosephosphate 

(16). These observations by no means imply a unique 

variant of LDH peculiar to malignant tumors, as some 

suggest (64, 73)' ^ u t merely an alteration in relative 

amounts of the various molecular forms of this enzyme 

(25, 67). 

Landvad (4l) has reported that isozyme changes are 

early signs of dedifferentiation rather than criteria 

for malignant transformation. The general concensus 

of opinion seems to be that the evaluation of LDH 
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activity and isozymes is a useful tool in the diagnosis 

of malignancy (30/ 63/ 8l). An even more useful tool 

would appear to be a progressive evaluation of LDH 

activity and isozymes prior to the appearance of a 

tumor and continuing until the death or recovery of the 

patient. 
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