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INTRODUCTION 

Statement of the Problem -----·-------------
The chromosorne constitution of the normal human endometrium has 

been the subject of·controversy for t\vo decades. Some studies have 

reported consistent diploid counts; others have reported aneuploidy 

of various degrees. The inconsistency o~ the_reports before 1956 can 

be explained by inadequate :methods Hhich prevented accu-ca.te counts of 

chrorn·osomes. ·Because of these inaccurate counts, forty-·eight chromo·-

somes were widely accepted as the human diploid number.. Thu.s, subje.c-

tive error contributed to both aiploid and aneuploid counts in early 

reports. 

In 1956, Tjio and Levan used hypotonic pretreatment to study the 

chromosomes, of norma.l humc.m abortuses. With the hypotonic pre. treat:.~ 

ment, thechromosomes t.vere well sprec.d and· could be-counted accurately. 

In the aborted tissue forty-six chromosomes were counted per cell 

(Tjio and Levan: 1956). :Fort;y-·six chrcmosmnes has since been ~cceptcd 

as the·normal human diploid number. 

After Tjio and l .. evanrs discovery, chromosomes of the normal hL1mgn 

endometrium -.;vere investigated again. But the use of hypotonic pretreat-

men t and acet.1r ate counts s ti 11 failed to e lim ina te the inconsistency 

in results. Some investigators reported forty-six chromosomes per 

1 
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. cell; others found considerable·aneuploidy. Of the aneuploid counts, 

the majority.fell below the. diploid number. Because these hypodiploid 

counts were not balanced by a nearly equal number.of hyperdiploid 

counts, they could not be explained by randorri variation alone. Inves-

tigators have suggested t\vo causes for the reported aneuploidy; ( 1) the 

cyclic character of the endometrium in vivo, and (2) technical difficul-

ties. 

The cyclic character of the endometrium in vivo makes it a unique 

tissue. In the adult, non-pregnant female, the endometrium undergoe·s a 

cyclic proliferation, se~retion> and sloughing· normally within.28-35 

days. 

In the __ proliferative stage both stromal and glandular mitoses are 

increased. Increased.mitotic indices, also true of cancerous tissue, 

-
may result in abnormal cell divisions. As a consequence of the abnormal 

cell divisions, aneuploidy arises. In general, in chromosome analyses 

of cancerous tissue (Katayama and Jones, 1967; Takemura, 1960; Wakonig-

Vaartaja, 1.962), hyperdiploid counts predominate; however, hypodiploid 

counts dominated the aneuploidy in reports on normal human endometrium. 

At the enCl. of the sec.retory ·stage the endometrium becomes ischem:Lc. 

and necrotic before being s laughed in mens truati.on. Lowered metabo li.srn 

resulting from ischemia and necrosis might lead to abnormal cell clivi.-

' sions and aneuploidy. Loss or gain of chromosomes could occur here re-

sulting in either hypodiploid or hyperdi~loid cells. But an exces~ of 

hypodiploid cells, as has been reported in the endometrium, would b$ 

difficult ·to explain. 



Although major. technical difficulties have been resolved, some 

problems still exist. Early investigators co.uld only estimate chromo~ 

some counts. With standard histologic techniques) the chromosomes 

were ''clumped'' and individual chromosomes could not be distinguished 

readily. Separation of individual chromosomes for accurate counting 

3 

has been accomplished with the use of a hypotonic treatment before 

fixation~ Exposing. the cells to a hypotonic. environment causes swelling 

of the cells and separates the chromosomes. 

In addition to·adequate spreading of the chromosomes, it is neces~ 

ary to have a sufficient number of cells in metaphase. At metaphase, 

the chromosomes are most contracted and, therefore, readily identified 

morphologically. Colchicine, a plant alkalciid, inhibi~s the formation 

of the spindle and, ther~fore, .stops cell divisio~ at metaphase. Adding 

colchicine to the medium before harvesting the· cells increa.se.s the number 

of cells in m~taphase. 

Hypotonicpretreatment and colchicine alone have provided enough 

metaphases of good quality for in vivo ana,lysis of .tissues \vith a high 

mitotic index. For example> fetal tissues and bone marrow, both of \<lhich 

have frequent mitoses, have often been used for in vivo chromosome studies. 

For the study of adult tissues with a low mitotic i~dex, howev~r, 

techniques are necessary which increase the number of cells in division. 

The most common technique used 'for this purpose is in_vitro tissue cul

ture. In tissue culture, cells can be maintained in culture vessels 

under conditions resembling their in vivo_ state until they are in the. 

logarithmic stage of growth·~ At this poin.t colchicine· can be added t.o 
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the medium and provide ~nough metaphases for·chromosome analysis. But 

tissue culture has been h~ld suspect by ~orne ~nvestigators as playing 

a role in producing aneuploidy. 

In vitro tissue culture has been suggested as a.possible cause of 

the reported aneuploidy in the endom~trium for two reasons. First, in 

tissue cultures of endometrium, the cells are initially dispersed by 

either chemical or mechanical means. The most common chemical means of 

dispersion is that of tryptic digestion. Trypsin, in the concentrations 

used, 0.25 per cent to 0.5 per cent, however, has been suggested as a 

possible cause bf chromosome aberrationi an~·therefore, of the aneuploidy 

reported.for the endometrium. 

Se~ond, cells in vitro have a. finite existence. Serial transfer 

o.f normal diploid cells can maintain living cells for a limited number 

. of transfers. After this short life spari, the..~ells usually fail to 

divide and die. It is possible, however, for the cells to be "trans~ 

.formed;' and to divide indefinitely. Tra~sformation involves changes :Ln 

the biochemistry, physiology and genetics of the cells. In general; 

the chromosome counts become hyperdiploid and chromosomal aberrations 

are frequent. 

Because it is possible for c.ells to be 11 transformed 11 in vit~, 

tissue culture ha~ been criticized for possibly playing a role in the pro-

duction of aneuploidy in the endometrium.- It has· not been found, how-· 

ever, that this transformation occurs in primary tissue cultures. In 

• < 

primary cultures, with no serial subculturing of.the cells, cells are. 

maintained in vitro for a shox·t period of time, generally, less than 

, ... 



iwo weeks~ This will then P!ovide ~dequate mitoses with little chance 

of aneuploidy. 
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In the present studies, primary tissue cultures were used to study 

the effect of laboratory technique on the number and morphology of 

chromosomes from normal human endometrium. Initial trypsinization 

was ~ompared with a mincing technique to see what effect this had on 

the chromosomes of cells from normal secretory endometrium. In add_ition, 

hypotonic pretreatment was varied to lessen cell breakage and provide a 

more accurate picture· of chromosomes of secr~tory and proliferative . 

endometrium. Myometrium was used as a control tissue. The purpose of 

this study was to determine 'tvhether the an_eup loidy reported in the 

literature resulted from inadequate technique or is an inherent pro

perty of the tissue. 

Review of the Related Literature 

In 1947, Barigozzi, using Feulgen squashei, reported forty-eight 

chromosomes in the. cells of normal hunian_ endometrium (Barigozzi, 1947). 

Three years later, Timonen and Therman compared normal proliferative 

endometrium with cancerous tissue. Feulgen squashes prepared from ten 

normal .biopsies and one hyperplastic biopsy were.~nalyzed~ Counts on 

1000 cells varied from four to 100 chiomospmes per cell, the mode 

ranging from tY7enty to twenty-five. A second lm.;e.r peak w~s formed 

between forty-five and fifty chromosomes per cell. Measurements ·of 

nuclear volumes agreed_with the variation in chromosome numbers.' Embry

onic skin, brain, liver, intestine, cartilage and bone marrow yielded 



counts from twelve chromosomes to polYploi~s, with the mode between 

twenty and thirty chromosomes per cell.· No consistent chromosome 

6 

count was observed in any particular tissue (Timonen and Therman, 1950). 

Contesting Timonen's report, Sachs used Feulgen squashes to 

analyze fifty cells each from endometria of the human being, of Rattus 

norvegicus (laboratory albino rat), and of Microtus agrestis (short

tailed bank vole) .. · Avoiding broken cells, he observed the species

specific diploid number in all cells (Sachs, 1953). 

One year later, Nanna examined the chromosomes of proliferative 

endometrium by Feulgen squash and.acetic-carmine techniques. Counts 

from·seventy-five nuclei varied from- thirty to fifty-nine chromosomes 

per cell, with the mode bet'~veen forty and forty-five: Only fifteen 

cells (20 per cent) contained forty-eight chromosomes. Hyperdiplbid 

numbers were ·counted in only three cells (Hanna, 1954). Manna's study 

suppor:ted the aneuploidy of Timonen'~ -report; however, the range and 

variation in counts did not approach those of Timonen. 

A "spun tissue method" was compared with Feulgen squ~shes in a 

study of mo·use intestine and human endometrium. With .the "spun tissue· 

method," forty counts from endometrium ranged from forty-two t_o sixty

two chromosomes per cell. The mode fell be~ween forty-five and fifty. 

With Feulgen squashes counts could only be estimated on the first fifty 

metaphases, because, in squashing, minimal pressure hgd been used to 

avoid cell breakage. Forty-four cells were estimated at greaterrthan 

forty chromosomes per ·cell, but accurate counts could only be made on 

twelve. c'ounts in these twelve cells ranged from forty-four to 



forty-eight chromosomes. · It was cone luded that ce 11 breakage accounted 

for most of Timonen's aneuploidy, although some minor deviations may 

have been valid (\-l]'alker ·and Boothroyd, 1954). 

7 

The r~sults Qf these initial ·studies are questionable because of 

inadequate technique~ and subjective error. With the development of 

hypotonic pretreatment o'f the cells (Hughes, 1952; Makino and Nishimura, 

1952; Hsu and Pomer~t, 1953), chromo~omes were well scattered, producing 

more accurate counts and karyotypes. The use of colchicine .(Levan, 1954) 

increased the number of metaphases for analysis. Using these techniques, 

Tjio and Levan studied the eells. of human abortuses and demonstrated 

forty-six chromosomes per cell (Tjio and· Levan, 1956). Forty-eight 

chromosomes per cell had been accepted as the normal human diploid 

number prior to this study. 

The establishment of an acc'+rate dip'loid number stimulated further 

investigations on human tissues. Trypsinized tissue cultures of human 

skin, .prepuce, ceryix, testis and uterine· myo- and endometrium were 

analyzed. The modal chromosome count in all cultures was forty-six, 

with 4-10 per cent tetraploidy. ·Aneuploid cells were not found. No 

changes in chromosome numbers or ~orphology occurred throughout five 

months. of intensive cultivation in vitro, involving twenty successive 

harvests and more than forty generations of cells (Tjio and Puck, 1958). 

Two years later, an in vivo study compared five cases of normal 

proliferative endometrium with f~ve cases of endometrial carcinoma. The 

cells were treated hypotonically, stained with acetic orcein and acetic 

'· 

.. 
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dahlia, and then squashed. Counts in 109 cells of normal endometrium 

rariged from thirty-three to ninety-five. chromosomes per cell, although 

fift~-six cells (51.4 per cent) contained forty-six chromosomes. Poly

plo{d counts occurred in five cells (4.6 per cent). The remaining counts 

were hypodiploid. A wider range of counts was revealed in the cases of 

endometrial carcinoma, and each case showed e'ither one or two distinct 

aneuploid stemlines (Takemura, i960). 

Uterine scrapings from a post-menopausal female with endometrial 

carcinoma were analyzed by an in vivo technique. Of ·thirty-eight cells 

studied, thirty-seven contained an abnormal marker chromosome. The 

marker was easily recognized, being the largest chromosome in the com

plement and submetacentric. Leucocytes from the same ·patient revealed 

no abnormal metaphases, suggesting that the mark~r was unique to the 

endometrial tumor. (lfJakonig-Vaartaja, 1962). 

The most extensive in vitro study of the endometrium was correlated 

with an analysis of the metabolic activity of carbohydrates and proteins" 

in four classes of patients. The patient~ were. classed as normal, ster

ility cases, habitual aborters and uterine bleeders. Twenty-one patients 

comprised each of the first three classes and three patients comprised 

the ~leeder group. Nine sterility and nine abortion patients had re

ceived sequential harmon~ therapy. As normal controls, cervix'was 

cultured from nine patients and leucocytes from five ~atients in the 

above groups. 

Trypsinized tissue cultures yielded chromosome counts ranging from 

fourt~en ~o 126 per cell. Control leucocyte and cervix cultures 
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demonstrated the highest percentage of diploid counts, 92 per cent and 

74.4 per cent, respectively. Patients. with functional uterine bleeding 

ranked second, displaying forty-six chromosomes in 59.5 per cent of the 

cells." Only 34.1 per cent of 813 normal secretory cells contained 

forty-six chromosomes. I.ikewise, only 30.7 p_er cent of 391 normal 

proliferative cel~s contained forty-six chromosomes. But the lowest 

percentages were f~und in the abortion and sterility patients. Of 

secretory cells from aborters and sterility cases, only 29.8 per cent 

and 24.5 per cent, respec.tively, contained forty-six chromosomes. Pro-

liferative cells from aborters and.sterility cases did not yield ade-

. quate cells for analysis. The majority of aneuploid cells were hypo~ 

diploid, with no consistency in .coun~s, suggesting random loss o{ 

chromosomes. No abnormal karyotypes were produced (Hughes and Csermaly, 

19~5). 

Fetal cytogenetic studies had been critici~ed on the basis that 

cells analyzed may have originated fr_om maternal tissue. To test this 

criticism, fetal membrane and decidua from three human spontaneous 

abortipns were cultured. The fetal tissues were all sex chromatin 

negative. Their karyotypes proved to be XY normal, XXYY te_t.raploid, 

· and XY trisomy-16, respectively. All three decidua were sex chromatin 

positive, and had XX normal karyotypes. Of 127 endometrial cells, 

ninety-three (73.2 per cent) contained forty-six chromosomes. A random 

·loss and gain of chromosomes were displayed by aneuploid cells. Thus, 

it was concluded that fetal and maternal tissues could be di$tinguished 

. ' 
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on a chrQmosomal basis, and that chromosomes in the endometrium were within 

normal limits (Arakaki, Waxman, and Smith, 1967). But since decidua is 

not subject to cyclic changes, it cannot be validly compared with proli

ferativ:e and secretory endometrium. 

To correlate the degree of aneuploidy and histologic grading of 

endometrial hyperplasia and carcinoma, an in viv£ technique was used. 

In five specimens histologic grading correlated well with the degree of 

aneuploidy. Forty-one diploid cells (78.9 per cent) were.present in 

fifty-two cells from 'an atypical hyperplasia or adenocarcinoma, grade 

one. In adenocarcino~a~, graded two, three and four, increasing aneuploidy, 

especially hyperdiploid co~nts, was prese~t. Normal proliferative endo

metrium and ~~nign (cystic) ·hyperplasia of the endometrium presented 

consistent diploid counts (Katayama and Jones, 1967). 

In the most recent in vi~_£ study, epithelial elements were 

separated from endometrial stroma and.analyzed .. Of eighty-five samples 

processed from various stages in the cycle, only twenty-two provided· 

enough cells for analysis. Of 279 cells analyzed, ~nly 110 were diploid. 

All the remaining cells were hypodiploid. Hypodiploid cells were karyo

typed, revealing random loss, with a preferential loss of chromosomes 

16~18. Only one diploid cell showed a clear abnormality, an acentric 

fragment in place of chromosome 17 or 18, but the technical ql.1ality v1as 

not adequate to be certain (Bowey and Spriggs, 1967). · In some cases, 

only one .or t'vo cells were used for analysis, suggesting the in _vivo 

technique did not provide sufficient cells for analysis. 
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Thus, after two decades, reports on the chromosomes of the normal 

human endometrium remain controversial. Although cytogenetic techniques 

have improve~, they are still held suspect in the reported aneuploidy 

of the endorn.etriurn. 



MATERIALS AND METHODS 

After hysterectomy, uterine biopsies were obtained from University 

and Eugene Talmadge Hemorial Hospitals in Augusta, Georgia. '-lith sterile 

forceps and Bard-Parker knife, endometrium and.myometrium were cut from 

the anterior uterine corpus. Each tissue w-as cut away from the endo

myometrial. junction so that there was no contamination of one tissue 

by the other. 

Each biopsy was placed in a sterile specimen bottle containing 

calcium- and magnesium-free.phosphate buffered saline (CMFPBS) plus 

400 units each of penicillin and streptomycin per ml. To prevent 

possible contamination, the tissues \vere stored in this solution at 4°C 

for 2-4 hours. 

Then, each ·tissue was washed in three rinses of CMFPBS. These 

rinses helped t6 rid the tissue of blood elements and debris. Each 

. tissue was treated by standard tissue.culture methods, with modifica

. tions for individual tissues. 

Endome tr it~m 

If sufficient tissue was obtained; _it was divided int~ two. approxi-. 

mately equal portions~ One half was tryp~inized and the other minced to 

·disperse the cells for culture. : · 

12 
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1) Trypsinization procedure 

The endometrial biopsy was placed_ in a sterile plastic petri dish 

containing 10 ml of 0.25 per cent trypsin, prewarmed to 37°C. In this 

'solution the tissue was cut with sterile scissors and forceps into small 

pieces. This material was then pipetted into a sterile specimen bottle, 

and incubated at 37°C for 20-40 minutes. Cell dispersion was indicated 

by increasing cloudiness of the trypsin. Intermittent shaking facili

tated c~ll dispersion~ 

The cells were'then resuspended three or four times with a 10 ml 

pipette, transferred to c_t 12 ml conical c~ntrifuge tube and centrifuged 

at 800 rpm for five minutes-. N~xt, the su.Pernatant solution was decanted 

and the cells __ were resuspended in 10 ml of growth medium .. The growth 

medium used for all the cultures was Eagle's minimum essential medium70 

f~tal calf serurn
30 

plus 100 units each of penicillin and streptomycin 

per mi. 

The cells were counted with a hemocytometer and approximately . 

3-5 X 105 cells per ml were in~culated in~o· 1 or 2 oz sterile glass 

prescription bottles. ~#o ml of cell suspension were inoculated into 

the 1 oz bottles and 4 ml into the 2 oz bottles. 

2) Mincing procedure 

The endometrial biopsy was placed in a sterile plastic petri dish 

containing 5 ml of CMFPBS. In this solution the biopsy was cut with 

.sterile scissors and forceps into small pieces. These pieces were-then 

.minced with sterile spears until a cloudy suspension of cells was 



1.4 

produced~ The cell sus~ension was pipetted into a 12 ml conical centri~ 

fuge tube and rient~ifuged at 800 rpm for 5 minutes. 

Then' the supernatant solution was decanted and the cells were 

·resuspended· in growth medium. Approximately O;QS ml of cells was re

suspended in ·4.0 ml growth medium. This cell suspension was then pip~~ted 

into sterile 1 or 2 oz·glass prescription bottles. 

Myometrium 

Myometrium did not ~eadi.ly trypsinize so a mincirig procedure was 

used. But because c.entrifugatiori resulted in a "clot" which was diffi

cult to disrupt, the mincing procedure used for endometriumwas modified. 

The myometrial biopsy was placed in a sterile, plastic petri dish 

containin·g growth medium, prewarmed to 37°C. It was thel). cut with sterile 

scissors and forceps into small pieces. These·pieces were further cut 

into pieces small enough to be pipetted. Next~- the tissue suspension 

was pipetted into sterile 1 or 2. oz glass prescription bottles. 

All culture bottles were placed horizontally, flat side down, 

in the incubator at 37°C. After 72 hours, the flat surface of the 

culture bottles was examined for growth and contamination under the lOX 

objective of the microscope. This 72 hour time lag allowed the cells 

time to settle, attach to the glass surface and grow. 

Both endometrial and myometrial cells gre-w as "fibroblastsu on 

the flat surface of the bottle (Fig. 1). Growth was indicated by an 

increase in the area of the monolayer of cells and, generally, by a 

concomitant decrease in the pH of the gro\vth medium. The pH of the 



Figure 1 

Cells in tissue culture. Note. the "fibroblastu 
morphology of .the cells. The cells \vere derived 
from a biopsy of normal human myometrium. lOX. 
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Figure 1 
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medium was indicated by phenol Red, which changes ftom red to yellmv with 

a decrease in the pH of the medium (pH 7.0 and below). 

Contamination was detected by turbidity of the medium and could 

be verified microscopically. As soon as contamination wa.s detected in 

a .culture, tli.at culture was discarded. Contaminated cultures were not 

used for chromoSO'J!le analysis because of the possible effects of eon-

ta.minants on the chromosomes. Contamination might_affect the degree of 

aneuploidy in the endometrium. 

When the monolayer covered approximately 75 per cent of the glass 

surface, colchicine was added to the medium in a final concentrc.t:Lon of· 

Oo Sy.g per ml. The cells were exposed to. colchicine for 20 hours. Then 

the cells were harvested by g~ntly s~raping the cells off the glass sur-

face with a sterile rubber-tipped spatula. Microscopic examination 

helped to determine the extent to which the cells were being removed 

from the glass surface. 

Next, the cell suspension was .resuspended four or five times, 

transfe-rred to a 12 ml conical centrifuge tube and centrifuged at 800 

rpm for three minutes. 

After centrifugation, the cells were prepared for chromosome 

analysis according to the method of Moorhead et_~!·, with slight modi-

·fications (Moorhead et al.; 1960). 

1) Hypotonic treatment and fixation 

·The ~edium was decanted with a Pasteur pipette to 0.5 ml: Dis-

0 . 
tilled water, prewarmed to 37 C, was then-added to the medium for the 

hypotonic treatment. For i 1 : 4 dilution, _2.0 ml of distilled water 
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were added; for a 1 : 2 dilution, 1.0 ml was added. The cells were then 

resuspended in this solution with a Pasterir pipette. 

Next, the cells were incubated at 37°C for ten minutes. Gentle 

shaking of the centrifuge tube once or twice during the incubation main-

tained the c~lls in suspension and aided the hypotonic treatment. 

After the incubation, the cells were resuspended with a Pasteur 

pipette and centrifuged at 800 rpm for three minutes. The supernatant 

solution was decanted, without disrupting the "button" of cells at the 

bottom of the centri~uge tube. 

Then 2.0 ml of freshly prepared fixative (one part glacial acetic 

acid thiee parts methanol) were added to the centrifuge tube, without 

disrupting the "button.n The _cells wer~ incubated at· room temperature 

for fifteen minutes. 

After this incubation, the ·cells were resuspended with a Pasteur 

pipette an~ centr~fuged at 800 rp~ fdr three minutes. The supernatant 

·fixative was decanted and 0.5 ml of fresh fixative was add~d to the 

centrifuge tube. The cells were resuspended in this fixative and a test 

slide v1as made. 

2) Preparat.io"n of slides 

Alcohol-cleaned slides were dried and numbered consecutively with 

a diamond pencil. 1\·70 slides at a time were _placed in a beaker of cold 

distilled water. After .a few minutes, one slide was removed, and shaken 

to remove excess water. The slide was then held horizontally as 2-3 

drops of the cell suspensi6n were pipetted onto the cold, wet slide. 
( . . 

The cells were allowed to ~pread on the slide for 2-3 seconds. The 
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·slide was· then rapidly __ inve·r ted and passed through an a lcoho 1 flame to 
. . 

ignite the fixative. With th.e fixative ignited, the slide was held hori-

zontally for 10-20 seconds until the fixative burned off (Scherz, 1962). 

Finally, the slide was shaken rapidly to compl~te the air drying. 

A test ·slide from each culture was examined microscopically. Since 

the slides were not stained they were examined under decreased illumina-

tion. If the cells were crowded on the slide, the cell suspension was 

centrifuged again and the cells were diluted further with fresh fixative. 

If too few cells were·observed, the cells were further concentrated. 

The remainder of the slides were then made. In general, four or 

five slides were made from each culture. 

3) Staining and mounting the slides 

The slides were stained for six hours in Coplin jars containing 

4 per cent Giemsa blood stain (2.0 ~1 of Giemsa stock solution in 50 ml 

of distilled water). The slides were then destained in the following 

series of solutions. First they were dipped 5-6 times in one ·part 

tertiary butyl alcohol : one part acetone. Next, they were placed for 

three minutes in each of the following:· tertiary butyl alcohol, tertiary 

butyl alcohol, one part tertiary butyl alcohol one part xylene, xylene, 

xylene, and xylene. 

Finally, the slides were .mounted with Permount and allowed to dry 

over night before chromosome counts and karyotypes were made. 

4) Chromosome analysis 

All counts were made with a Leitz o~tholux microscope equipped with 

lOX, 40X, ,and 70X apochromat objec.tives. First, the slides were ·scanned 



under low power to find metaphase spreads of good technical quality .. 

The slides .were scanned according to a set pattern so that no area was 

over looked. . 
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Three. criteria were used f6r selecting metaphase spreads of good 

technical quality (Jacobs and Court Brown, 1961).. First, the cell c.ould 

not be obviously brokenr Second, no stray chromo~omes could be present 

in the same optical field. Third; fixation and spreading had to be such 

that there would be no ambiguity in interpretation for chromosome count's. 

This set limits on the number of cells that could be used for analysis. 

Metaphases to be counted "tvere selected under low power; however, 

all counts were made under oil immersion. To retain objectivity, once 

a metaphase was selected under low power it was c.ounted under oil immer

sion unless that·was imposs~ble due to'excess overlapping of chromosomes. 

When a metaphase was selected, the p6sitio~ on the microscope stage 

was recorde~. The chromosomes were counted and the count was recorded. 

If the metaphase was of exceptional quality, it was marked for karyo

typing later. All possible counts were made on a set of slides. 

For karyotype analysis, two methods were used in this study. For 

diagrammatic karyotypes, lines were drawn with a grease pencil on 8 1/211 

X 11" heavy \o7hite paper. These lines represented the approximate posi

tion and relative length of the chromosomes d_irectly observed vJith the 

microscope. Once all the chromosomes in a metaphase were represented, 

they were identified according to the Denver classification (Denver re·~ 

port, 1960). 
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Photographic karyotypes were also made from some metaphase spreads. 

Under oil immersion a photomicrograph was taken with a Leitz Aristophot 

bellows camera and Panchro-Press Super l.f.' X ·~;a film. The photograph was 

developed and enlarged to an 811 X 10" pri.nt. Then, the individual chromo-

somes were cu~ out, and arranged in groups according to the Denver classi-

fication (Denver report, 1960). In this arrangement, the_chromosomes were 

pasted onto 8 1/2" X 11" heavy white paper. A second photograph was taken 

of the completed karyotype for a permanent record. 

Identification.of individual chromosomes was based on their rela- · 

tive size, the position of the centromere and.the arm ratios. Only 

chromosomes 1' 2' 3'. 16' 17' and u'r could be identified with certainty' 

on a morphological basis. The remaining chromosomes "YJere placed in their 

respective gro~ps and designated chromosomes of group B(4-5), C-X(6-12 

+XX), D(13-15), F(l9-20), and G(21-22). 

In hypodiploid or hyperdiploid·cells, missing chromosomes or extra 

chromosomes in a particular pair or group were recorded. Bj. this means,· 

it could be determined whether aneuploid cells had a 'consistent loss or 

gain of a particular chromosome or merely random loss or gain of chromo-· 

somes. Random loss or gain of chromosomes would probably result from 

technical errors. But a consistent loss or gain of a particul"ar chromo-

some might indicate a real chromosome abnormality in the tissue. 

5) Histology 

Histology sections of endometrium were obtained from the Depart~ent 

of Surgical Pathology at Eugene Talmadge M~morial Hospital or from Dr. 

· Ihnen at University HospitaJ. The tissues had b~en fixed in 10 per cent 
·' 
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formalin and the slides stained with hematoxylin and eosin. The slides 

were examined for pathology and the endometrium was ndated." Two phot.o

micrographs were taken of each section. One was taken under- the lov-1 

power of the microscope and the second under the high power of the micro~· 

scope. The film and camera used 1vere the same as those used for photo

graphic karyotypes. 



CASE. HISTORIES 

The chromosomes from the endometrium of fourteen patients were 

analyzed. The patients were divided into three groups: 1) patients 

with normal secretory endometrium, 2) patients with normal prolifera-

tive endometrium, and 3) patients with atypical endometrium. The de

cision to place a patient in a pa_rticular group was based on the patient's 

history and on an examination of pathology sections of endometrium by Dr. 

Paul 9· McDonough. 

P~thology sections were examined to determine the stage of the 

cycle and atypical .changes in the histology. The stage of the cycle was 

base-d on eight characteristics (Noyes, R. W., Hertig, A. T., and· Rock, J., 

~950): gland mitoses, pseudostratification of nuclei, basal vacuolation, 

secretion, stromal-edema, predecidual reaction, stromal mitoses, and 

leucocytic infiltration. Based on these characteristics the endometrium 

was classed as early secretory (Figs. 2, 3) or late secretory (Figs. 4, 5) 

or proliferative (Figs. 6, 7). In the present study, both early and late 

secretory· were classed as secretory endometrium. 

Normality was based on three critet~a: 1) the patient had to have 

a history of regular cyclic menses, 2) the_patient could not have been re

ceiving hormone therapy at the time of hysterectomy, and 3) the pathology 

23 

... ; . 



sections had to be examined and classified as normal. ·The patients with 

atypical endometrium lacked one or more of these characteristics~ 

1) Patients with normal ~ecretory endometrium 

The m~jority of the patients f~ll in this group for several 

reasons. Most of the hysterectomies were performed in the secretory 

haif of the cycle. Because endometril1rn in the secretory stage is 

thicker, more material coul'd be obtained and, therefore, more cultures 

could be ·initiated. Endometrial samples from the following cases were 

used for a comparison'of initial treatments for cell dispersion and of 

variations in·hypotonic dilutions on the chromosomes . 

. Case 1. E. M. R. "\vas a 39 year. old "\vhite female, who was gravida I, 

para I. A vaginal hysterectomy was performed for uterine fibroids, and a 

cystocele repair was performed at the same time. Pathology sections of 

the endometrium were. examined and classed as ·early secretory endometrium 

{Figs. 2, 3). 

Case 2. L. G. D. was a ~5 year old white female. Gravida IX, 

para VII, she had had tv70 stillbirths. A total vaginal hysterectomy was 

performed for voluntary sterilization and an anterior and posterior re-

pair.was performed at the same time. Sterilization was desired because 

.of hereditary cystic fibrosis. The two stillbirths had died with cystic 

fibrosis, and two of the patient's living children had cystic fibrosis. 

Pathology sections of the endometrium were examined and classed as late 

~ecretory endometrium. 

Case 3. B. S. C~ was a 35 year old white female who vlas gravida 

V,. para V.·· A total vaginal·· hysterectomy was performed for voluntary. 



Figure 2 

Histology section of early secretory endometrium 
from Case 1. Secretion is present in the lumen 
of the glands and the stroma is densely cellulai. 
lOX. 

Figure 3 

~Histology section of early secretory endometrium 
from Case 1. The glandular nuclei are lining up 
in the center of the cells. 40X. 
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Figure 2 

Figure 3 
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sterilization and a perineop~asty was performed at the same time. Sterili

zation was desired because of multiparity. At the time of hysterectomy, 

the uterus contained an intrauterine contraceptive device. Pathology 

sections were examined and classed as very late secr~tory endo.metri.um. 

Case 4, A. J. M. was a 25 year old Negro female who was gravida 

VI, para VI. A total vaginal hysterectomy was performed for_ sterilization. 

Sterilization was desired because of multiparity. The uterus was normal 

and contained an intrauterine contraceptive device. The pathology of 

the endometrium was n9rmal and the endometrium was dated late secretory 

(Figs. 4, 5). 

Case 5. L. N. C. was a 36 y,~ar old Negro female who was gravida IX, 

para VIII. She had had one spontaneous abortion. A normal uterus con-

. taining an intrauterine contraceptive device was extirpated at hyster

ectomy. On pathological examination, the endom.etrium was classed as iate 

secretory. 

Case 6. M. S. C. was a 33 year old Negro female who was gravida V, 

para V. A total vaginal hysterectomy wa·s performed for voluntary steri

lization. Sterilization was desired because of multiparity. The uterus 

was normal and contained. an intrauterine contraceptive device. The 

pathology sections of the endometrium were examined and classed as late 

secretory endometrium. 

Case 7. H. L. B. was a 23 year old Negro female who was gravida V, 

para IV. She had had one spontaneous abortion. A total abdominal hyster

ectomy and a bilateral salpingotomy and oopherectomy were performed. The 

,· 



.·Figure 4 

Histology section of late secretory endometrium 
from Case 4. Note the deeply convoluted glands 
and secretion in the lumen qf the glands. The 
stroma is loose and edematous. lOX. 

Figure 5 

Histology section of late secretory endometrium 
from Case 4. The glands are lined by vacuolated 
columnar cells. 40X. 
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Figure 4 

Figure 5 
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hysterectomy was performed because of chronic pelvic inflammatory disease. 

The uterus ~as normal with an intrauterine contraceptive device. The 

ovary had a tuba-ovarian adhesion and hemorrhagic corpus luteum. Pathol.:.. 

ogy sections of the endometrium were examined and the endometrium was 

classed as secretory. 

Case 8. V. B. L. was a 26 year old Negro,female who was gravida 

VIII, para VIII. A total vaginal hysterectomy was _performed for pelvic 

floor relaxation. Pathology sections were examined and. the endometrium 

was classed as s~cretory. 

2) Patients with normal _proliferative endometrium 

Only three cases of proliferative ~ndometrium Y7ere used in this 

study for several reasons. Few hysterectomies were performed in the 

proliferative stage of the cycle, so that tissue from this. stage was 

not- as· available as yJas secretory endometrium.·· When a hysterectomy was 

performed during this stage, because proliferative endometrium is so 

thin, little material was obtained .. 'tolith limited material, fe~v cultures 

could be initiated and growth \vas poor. 

The three samples studied were all treated with a hypotonic dilu-

tion of one part medium : t~o parts distilled water. Results from these 

samples were compared with normal secretory endometrium and normal myo-

metrium treated with the same hypotonic dilution. 

Case 9. A. F. H. was a 26 year old Negro fe-ma1e who was gravida 

V, para V. A total vaginal hysterectomy was performed for pelv~c floor 

relaxation and multiparity. At the same time an anterior repair was per-

'" 

formed fot a moderate cystocele and urethrocele. The uterus was of 
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normal size, but retroverted and retroflexed. Pathology sections of.the 

endometrium yJere examined and classed as proliferative. 

Case ·1.0. C. J. E. was a 22 year old white female who was gravida 

_V, para V. A total vaginal hysterectomy was performed for pelvic floor 

relaxation. Pathology sections were examined and classed as prolifera-

tive endometrium. Focal chronic cervicitis was also observed .. 

Case 11. W. J. B. was a 26 year old Negro female who was gravida 

I, para I. A total abdominal hysterectomy was performed for uterine 

fibroids. A bilateral salpingotomy and oopherectorny vlas performed also 

and the patient was found to have a tuba-ovarian abscess. Pa~hology 

sections were examined and classed as normal proliferative endometrium 

(Figs. 6, -7) • 

3) Patients with atypical endometrium ., 

I It was not intended that atypical endometrium be analyzed in ~he 
i 

present study. But since these three patients did not fit the three/ 

I criteria for normal endometrium, they had to be considered separately. 

I 
Case 12. M. J. B. was a 42 year old Negro female who was gra~ida 

i 

II, ·para II. A total abdominal hysterectomy was performed for intraJter-
1 

I 
ine fibroids. 

I 

The patient had not been receiving hormone therapy and had 

a history of regular menses. Based on her last menstrual period, the 

hysterectomy was performed at midcycle. Path.ology sections \-Jere examined 

by three pathologists. Two diagnosed it as normal very late secretory. 

The third diagnosed it as intermediate between normal secretory ~ndo-

metrium and the Arias-Stella syndrome, the latter usually associated \vith 



Figure 6 

Histology section of normal proliferative endometrium 
from Case 11. The stroma is edematous. No secretion 
is present in gland lumina. lOX. 

Figure 7 

Histology section of normal proliferative endometrium 
from Case 11. Not~ the pseudostratification of 
glaridular nuclei. A few mitotic figures are present 
in gland nuclei. l1-0X. 

I 
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ectopic pregnancy. Because the diagnosis was not unequivocal, this case 

.wa,s placed in this-group. Cells are seen "piling up" at the end of some 

of the gl~nds (Figs. 8, 9). 

Case-~~~· M. B. was a 66 year old white female Hho ,.,as post

menopausal. She had regular menses induced by Pr.ovest therapy. A 

total abdominal hysterectomy was performed because of a third degree 

Pap smear and an enlarged uterus. The pathology sections were examined 

and the endometrium was classed as "pseudosec.retory," indicating a secre

tory endometrium indu.ced by exogenous h<?rrnones. The str-oma was hyper~ 

plastic with enlarged cells and the chromatin was more evident than·usual 

in gland nuclei (Figs. 10, 11). 

· 'Case 14. J. H. S. was a 44 year old white female who was gravida 

II, para II. A total abdominal hysterectomy -.;vas performed for fibroids 

and-cystic and- adenomatous hyperplasia of the ~ndometrium. Based on her. 

last. menstrual period, the patient had the hysterectomy on approximately 

day 23 of her cycle, which would be in the secretory stage in a normal 

cycle .. Ho-.;.;rever, the pathology sections ·were examined and showed a pro

longed_ estrogenic endometrium. The glands were dilated and the stroma 

was edematous with plump cells (Figs. 12, ·13). 



Figure 8 

Histology section of the endometrium from Case 12. 
Note the "piling up" of glandular cells. lOX. 

Figure 9 

Histology section of the endometrium from Case 12. 
~~-ox. 
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F igure 8 

F i.gure 9 



Figure 10 

_Histology section of npseudosecretoryn endometrium 
from Case 13. Note stromal hyperplasia. lOX. 

Figure. 11 

Histology section of 11 pseudosecretoryH endometrium 
from Case 13. 40X. 
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Figur e 10 

Figur e 11 



Figure 12 

Histology section of cystic and adenomatous 
hyperplasia of the endometrium from Case 14. 
Note dilated glands. lOX. 

Figur.e 13 

Histology section of cystic and adenomatous hyper
plasia of the endometrium from Case ll}. !~.ox. 
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Figure 12 

Figur e 13 
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RESULTS 

Normal Human Endorr:et"!"i~Il} and Myometrium 

The modal chromosome count in all cultures of endometrium and 

myometrium was forty·-six chromosomes per· cell. No other chromosome 

count occurred with any corlsistency in any case studied. For these 

reasons, chromos9me counts were divided into three classes, hypo

diploid (less than forty-six ch~omosomes per cell), diploid (forty

six chromosomes per cell), and hyperdiploid (more th_an forty~six 

chromosomes pe!· cell). The actual chromosome counts in all cases 

are presented in the appendix. Cases ·in which less than ten cells 

were counted were not included in the results. 

1) Comparis~n of initial techniques ;for dispersion of cells for culture 

Chromosomes were counted in cells-from eight samples of normal 

human endometrium in the secretory stage. Four samples had been ini

tiall~ treated with a mincing technique to disperse the cells. The 

results are presented in Table I a. Four samples. had been i~itially 

treated with 0.25 per cent trypsin to disperse the cells. The results 

are presented in Table I b. The mean per ce~t of diploid counts in the 

minc.ed samples was 68.7 per cent. In the- samples treated with 0. 25 per 

cent trypsin, the mean per cent of diploid counts was 71.4 per cent. 
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CASE 

1 

·2 

5 

7 

Mean 

.cell. 

. TABLE I a 

DISTRIBUTION OF .CHROMOSO}lli COUNTS* IN CELLS FROM NORMAL 
HUM.At~ ENDOHETRIUM IN THE SECRETORY STAGE INITIALLY 

TREATED WITH A MINCING TECHNIQUE FOR CELL DISPERSION 

Chromosome Counts 

Total Hypod;iploid Diploid Hyperdiploid 
Cells No. % No. % Noa % 

41 1. 2.·4 39 95.1 1 2.4 

12 4 33.3 s· 66. 7 

27 9 33.4 17 . 62.9 1 3.7 

30 14 46.7 15 50 .. 0 1 3.3 

28.9 68.7 3.1 

* Range in actual chromosome counts : 32 - 92 chromosomes per 
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TABLE I b 

DISTRIBUTION OF CHROMOSOME COUNTS* IN CELLS FROM NORMAL 
HUMAN ENDOMETRiill1 IN THE SECRETORY STAGE INITIALLY 

TREATED WITH 0.25 PER CENT TRYPSIN FOR CELL DISPERSION 

43 
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A chi square analysis was· performed. No s igriificant difference (P > . 99) 

could be found bet\veen the two techniques .. 

2) Hypotonic pretre~tment 

An excess of obviously broken cells had been noticed in cells 

from secretory endometrium used for a comparison of initial treatments. 

To eliminate some--ce11 breakage, a variation in the dilution used for 

the hypotonic treatment of the cells before fixation was tested. In the 

study of initial techniques for cell dispersion, a hypotonic dilution 

of one part medium : four parts distilled water was used. In the pre

sent study a dilution of one part medium : two parts distilled water 

was tested on three samples of.notmdl human endometrium in the secretory 

stag~ from cases 5, 6, and 8. The results are pr?sented in Table II. 

The mean percentage of diploid chromosome counts was 87.9 per cent. The 

mean per cent of diploid counts in the cells treated with a 1 : 4 dilu

tioh was 70.1 per cent. A chi square analysis was performed comparing 

the two sets of data. Cells treated with a l : 2 hypotonic dilution 

showed a highly significant increase (P( .005) in diploid chromosome 

counts over cells treated with a 1 : 4 hypotonic dilution. With the 

increase in diploid chromosome counts, a decrease in hypodiploid chromo

some counts occurred. 

3) Normal human endometrium in ·the proliferative stage 

Three cases of normal human endometrium in the proliferative 

stage were. studied. Because the 1 : 2 hypotonic dilution had eliminated 

some cell breakage .in the secretory endometrium and because a minimum 

amqunt of tissue had been obtained from.the proliferative stage of the 
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5 

6 

8 

Mean 

cell. 

TABLE II 

DISTRIBUTION OF CHROMOSOME COUNTS* IN CELLS FRON NORMAL 
HU~~l ENDOMETRIUM IN THE SECRETORY STAGE PRETREATED WITH 

A HYPOTONIC MEDiill'l CONSISTING OF ONE PART MEDIUM : TWO 
PARTS DISTILLED WATER 

Chromosome Counts 

Total Hypodiploid Diploid Hyperdiploid 
Cells No. % No. % No. % 

20 1 5.0 19 95.0 

28 1 3. 6 .• 27' 96.4 

18 4 22.2 13 72.2 1 5.5 

10.2 87-.9 5.5 

* Range in actual chromosome counts: 39 - 89 · chromos_omes per 
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cycle, all. three cases were treated with a 1: 2 hypotonic dilution.· The 

·results are presented iri Table III. The mean per cent of diploid chromo

some counts was 75 per cent. A chi square analysis was performed com-

. paring. this data \•lith that from the normal secretory endometrium treated 

with a 1 : 2 hypotonic dilution. Secretory endometrium was found to 

have a significantly_ higher percentage (P~.05) of diploid cells as com

pared.with proliferative endometrium tr~ated with the sa111:e hypotonic 

dilution of one part medium : two parts distilled water. 

4) Normal human myometrium as a control 

As a control tissue, normal human myometrium was studied. A 1 : 2 

hypotonic dilution was used on cells from three samples of tissue. The 

results are p~esented in Table IV. The mean per cent of diploid chromo

some counts was 82.6 per cent. 

A chi square analysis was performed comparing control myometrium 

with normal·secretory endometrium treated with a 1 : 2 hypotonic dilu

tion. No significent difference in diploid chromosome counts could be 

found between the two tissues (P). 50). 

A chi square analysis was performed comparing control myometrium 

with normal proliferative endometrium treated with a 1 : 2 hypotonic 

dilution. Myometrium was found to have a significantly higher (P<. .025) 

per cent of diploid chromosome counts than n6rmal proliferative endo-

metrium. 

5) Karyotype analysis of normal endometrium and myometrium 

Sixty-nine diploid cells from normal secretory and proliferative 

endometrium were karyotyped·. Thirty-two diploid cells. from normal 
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CASE 

9 

10 

11 

Mean 

cell. 

TABLE III 

DISTRIBUTION OF CHROMOSO}lli COUNTS* IN CELLS FROM NORMAL 
H~~ ENDOMETRIUM IN THE PROLIFERATIVE STAGE PRETREATED 
WITH A HYPOTONIC MEDIUM CONSISTING OF ONE PART MEDIUM.: 

TWO PARTS DISTILLED WATER 

Chromosome Counts 

Total Hypodiploid Diploid Hyperdiploid 
Cells No. % No. % ·No. % 

32 4 12.5 24 75.0 4 12.5 

48 10 20.8 35 73.0 3 6.2 

69 13 18.7 53 77 .-o 3 4.3 

17.3 75.0 7.7 

* in actual chromosome 41 1647 chromosomes Range counts: - per 
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. TISSUE 
NUMBER 

1 

2 

3 

Mean 

cell. 

TABLE IV 

DISTRIBUTION OF CHROHOSOME COlJNTS* IN CELLS FROH NORMAL 
Hill1AN MYOMETRIUM PRETREATED WITH A HYPOTONIC MEDIUM 
CONSISTING OF ·oNE PART 1-'1EDIUM : TWO PARTS DISTILLED 

WATER AND USED AS A CONTROL 

Chromosome Counts 

·48 

Total Hypodiploid ·Diploid Hyperdiploid 
Cells No. % No. %. No. % 

49 7 14.3 40 81.6 2 4.1 

28 6 21.4 22 78.6 

154 17 11.0 135 87.6 2 1.3 

15.6 82.6 2.7 

* . in actual chromosome 37·~ 93 chromosomes Range counts: per 

·, . 
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myometrium were also karyotyped. No morphological abnormalities of 'the' 

chromosomes could be found in any of the cells. 
. . . . 

Twenty-nine hypodiploid cells from normal secretory and prolifer-

ative endometrium were karyotyped to determine if there were any con-

sistent chromosome losses. Table V shows the distribution 6f the missing 

chromosomes. Given also is the ratio· expe~ted if each chromosome in the 

female complement had an equal chance o.f being lost from .a cell. ·In gen-

eral, with the exception of chromosomes of grOup B, the greatest loss was 

of the smaller chromosomes, especially chromoso~es of gr?ups F and G. 

Atypical endometriu~ 

Three. cases of atypical endometrium were stuqied. The results are 

presented in_~able VI. Because a final decision as,to the normality of 

these three cases was not made. until after a chromosome analysis had 

been completed they·were subjected to different techniques. The modal 

chromosome count in all cultures was forty-six chromosomes per cell.. 

Because the pathology of. the endometrium. from. these. three. cases v1as not 

uniform, no effort was made to average the total counts and perform a 

statistical analysis of the data. 

1) Case 12 

Case 12 was pla6~d in this group because the diagnosi~ of the · 

pathology section was disputed.· Two samples· of tissue were studied. One 

sample was treated initially by mincing; the other was treated with 0.25 

per cent trypsin for cell dispe~sion. Both were treated with a,hypotonic 

dilution of· one part medium : four parts distilled water. Of fifty cells 

from the ·culture treated initially _with 0. 25 per cent. trypsin~ 
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TABLE V 

DISTRIBUTION OF MISSING CHROMOSOMES FROM TWENTY-NINE 
HYPODIPLOID. CELLS FR011 NORHAL HUMAN ENDOMETRIUM 

Chromosome Groups 
CASE 1 . 2. 3 B e-x ·D rl6 ' 17 ' 18 F .,G Total 

·Cells 

2 1 ~ ;2 1 4 2 3 5 

3. ·2 3 1 3 

4 1 3 2· 2 1 2 3 5 9 

5 2 ~ 2 

7 2 1 1. 1 2' 

9 1 -·---·-'-- 1 1 1 1 

10 1 2-- 3 3 3 

11 5 1 1 4 

T.otal 0 2 3 9 14 9 1 .3 5 10 10' 

. * ·Expected 2.8 2.8 2.8 5.7 22.8 8.6 2.8 2.8 2.8 5.7 5.7 

*R . at~o expected if each chromosome in the female -complement .· · 
had an equal chance of being lost from a cell. 

.. 

. ' -~· 

. "• . . . 
·" 



· .. 

thirty-three cells (66;7 per cent) contained forty-six chromosomes .per 

cell .. The rest were hypodiploid. Seventeen diploid cells-were karyo-
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typed. No ·morphological abnormalities of the chromosomes were observed. 

A metaphase spread of a diploid cell is shown in Fig. 14. The photographic 
\. 

karyotype_ of· the same spread is shown in Fig. 15. Two hypodiploid cells 

were karyotyp~d and the results are included in Table VII. 

Of nineteen cells in the minced culture, fourteen cells (73.7 

per cent) were diploid. Of the aneuploid cells, three cells (15.8 per 

·c.ent) were hypodiploid and two cells (10.5 per cent) were hyperdiploid.· 

Six diploid cells were karyotyped. The karyotypes of three of these cells 

diff~red from the normal human karyotype. Fig. 16 shows the karyotype 

of one of these cells. One of the number 3'chromosomes fs missing. Only 

five chromosomes are present in group-D. Normally~ six chromosomes com-

pr_ise group D. Also, eighteen chromosomes···are :present in the C - X 

group. Normally, in the female complement, this group is composed.of 

sixteen chromosomes, chromosome pairs 6·through 12, and two X chromosomes. 

Although several interpretations were possible the simplest interpretation 

of·the karyotype was made. Fig. 17 shows a diagram of this interpretation. 

A portion of the short arm of a number 3 chromosome was translocated onto 

the short arms of a group D chr_omosome. ·The deleted· number 3 chromosome 

d {3.) and the D chromosome with a translocated portion of a number 3 

chromosome (3/D) resemble chromosomes of group C -X. Thus, the C X 

group consists of two extra chromosomes. Because it is impossible to 

-identify individual chromosomes of group· C- X on a morphological basis, 
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the two additional chromosomes could not be distinguished from the others. 

Figs. 18 and 19 show. the karyotypes of the two other abnormal dip-

loid cells from this case. Both of these cells had the same karyotype~ 

Only three chromosomes are. present in group B. Normally, four chromo-. 

somes are present iri this group.· Eight chromosomes are present in group 

E) which normally consists of only six chromosomes, pairs 16, 17, and 18. 

In the C - X group, fourte·en chromosomes are present rather than sixteen. 

In addition, a very large submetacentric chromosome is present in the 

two karyotypes. With short arms comparable t~ the short arms of group 

B chromosomes, ·it was of .greater length than chromosome pair number 1, 

the longest chromosomes in the complement .. This ·karyoty-pe was more· diffi-

cult to interpret than the 3/D translocation. Several interpretations were 

possible but the simplest interpretation ·was decided on and a diagram of 

this· interpretation is shown in Fig. 20. Portions. of the long arms of 

two C -X group chromosomes, designated c1 and c2 in the di~gram, were 

translocated onto the long arm of a chromosome from group B. The two 

. . d d· 
deleted C - X group chromosomes. (C 1 and c-2 ) resemble chromosomes of 

group E. In addition to these cells, one othe-r broken cell which was 

not included in this analysi~ was found with the same translocation. 

·2). Case 13 

Case 13 was included in this group because it was endometrium from 

a post-menopausal female who had had regular menses induced by exogenous 

hormone therapy. The pathology of the endometrium was described. as· 

''pseudosecretory.n All the cultures studied had been treated initially 

. ' . with a mincing technique to disperse the cells for· culture. Subsequently; 

. :_-
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. they had all been tr~ated ·with a hypotonic dilution of one part medium ·: 

·four parts distilled water. Of 164 cells st~died, ninety-seven cells 
. . 

·(59.2 per cent) were diploid. Of the aneuploid cells, 63 cells (38.4· per 

. cent) were hypodiploid; four cells (2.4 per cent) were hy,perdiploid . 
.. · 

Thirty diploid cells were karyotyped. Twenty-nine cells showed no. 

morphological abnormalities of the chromosomes~ One abnormal-karyotype 

was found (Fig. 21). One chromosomewas missing from pair number 2. All 

the other chromosome groups had the correct number of chromosomes. In 

addition, there was a very large submetacentr.ic chromosome, with short 

arms comparable . in length to the short·· arms of a chromosome number. 2. 

The i~terpretation was that of a nonreciprocal translocation which·must 

have occurred-in a previous cell division~ A large portion of chromosbmal 

material from an unidentified.chromosorrie was translocated onto the long 

arm ·of a number 2 ·chromosome. The reciprocal of this cell which should 

have had a loss of ~hromosomal material from one or more chromosomes was 

not observed. . . 
Fourteen hypodiploid cells were karyo~yped. The distribution of 

mfssing chromosomes is shown in TableVII. Three karyotypes of hypodip-

laid cells are shown in Figs. 22, 23, and 24. · 

3) Case 14 

En-dometrial hyperplasia, both cyst"i.c and adenomatous, was the 

diagnosis ~ssigned t6 this case. All the cultures were treated ipitially 

with 0.25 per cent trypsin. The ·results are presented in Table VI. 

Seventy-five cells were treated with a hypotonic dilution of one part· 

·medium : four parts distilled water. Of these cells, sixty-two cells 

-. '. 



.54.,· 

(82o6 per cent) were diploid. Of the· aneuploid cells, eight cells (10.8 

per cent) were hypodiploid and five cells (6;7 per cent) ~ere hyperdiploid. 

One hundred and twelve cells were treated with ·a .hypotonic dilution of_ 

one part medium two parts distilled water. Of these cells, ninety-

. eight cells (88.4 per cent) were diploid .. Of· the aneuploid cells, ,five 

cells (4.5 per cent) were hypodiploid and eight cells (7. 1 per cent) were 

hyperdiploid. 

Seventeen diploid cells from the group treated with a 1 : 4_ hypo~ 

-tonic dilution were k?ryotyped.· Twelve diploid cells from the group 

treated with a 1 : 2 hypotonic dilution were karyotyped. No morpholog

ical abnormalities of the chromosomes were observed in any of these cells. 

Two hypodiploid cells from the- group treated with a 1 : 4 hypotonic· 

dilution were karyotyped._ The distribution of missing chromosomes in 

these cells can be found in Table VII. ----

All thirteen hyperdiploid cells, 6-.9 per _cent of the total cells,· 

exhibited endoreduplicatiori. Endoreduplication~ according to theory,. 

·is a_ result of the failure of the chromo~omes to separate· at anaph~se · 

of-one _cell division. In ~ subsequent interphase, the genetic material 

replicates. Thus, in the next metaphase the-chromosomes are seen paired 

and in- duplicate. :rhey are usually. associated at the .centromere. Paired 

chromosomes associated at the centromere are l;'eferred to as diplochrorrio-· 

somes. A cell_ displaying endoreduplication is shown in Fig. 25. Ninety

two chrornos6mes or forty-six diplochromosomes are present in the cell. 

·' 

·. -_-_: . . ·.· 
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'TABLE VI 

DISTRIBUTION OF CHROMOSOME COUNTS IN CELLS 
FROM THREE CASES OF ATYPICAL END.OMETRIUM 

Chromosome Counts 

Hypotonic Total Hypodiploid Diploid. 
Treatment Dilution Cells 

No. aJ No. % '" 
Trypsin 1:4 50 17 33.3 33 66:7 

Mincing 1:4 19 3 15.8 ' 14 73. 7_ 
~,.. _____ 

· Minc.ing 1:4 164 63 38. 4. 97 59.2 

Trypsin. . 1:4 75 8 10.8 62 82.6 

Trypsin 1:2 112 5 4.5 98 88.4 

. ·~. : ' ' ' . . ' 
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Hyperdiploid 

No. % 

2 10.5 

4 2.4 

5 6.7 

8 7al 
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TABLE VII 

DISTRIBUTION OF MISSING CHROMOSOMES FROM EIGHTEEN 
HYPODIPLOID CELLS FROM THREE CASES OF 

ATYPICAL ENDOMETRIUH 

- .. 

Chroniosorne Groups 
C.ASE 1 2 3 B e-x D 16 17 18 F G Total 

--- Cells 

12 1 --,_z_ __ 2 

13 1 1 4 7 4 1 5 6 llf 

14 1 2 2 

Total 0 1 1 1 5 9 6 0 1 5 6 

- * Expected 1.5 1.5 1.5 3.1 12.3 4.6 1.5 1.5 1.5 3.1 3.1 

-*Ratio expe.cted 
.. 
the·f~male if each chromosome in complement had 

an equal chance of being lost from a cell. 



Figure 14 

Diploid metaphase spread from Case 12. Forty-six 
chromosomes can be counted. 70X. 

Figure 15 

.Photographic karyotype of the diploid metaphase 
spread in Fig. 14. 
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Figure 14 
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Figure.l6 

Photographic karyotype of an abnormal cell from Case 
12. The abnormal karyotype is interpreted as being 
the result of a 3/D translocation.~ 
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Figure 17 · ·. 

·Diagram of the possible origin of the 3/D trans location 
illustrated in Fig. 16. 
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Figure 18 

Photographic karyotype of.an abnormal cell fro~ Case 
12. The abnormal karyotype is interpreted as being 
the result 6f a B/c1c2 tran~location. 

Figure 19 

Photographic karyoty~e of another abnormal cell from 
Case 12. The interpretation is· the same as that ii1 
Fig. 18 .. 
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Figure 20 

Diagram of the possible or~gJ_n of the B/c1c2 
translocition illbstrated in Figs. 18 and 19. 
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Figure 21 

Photographic karyotype of an abnormal cell from Case 
13. The abnormal karyotype is interpreted as being 
the result of a non':"rec:Lprocal translocation between 
a chromo"some number 2 and another unidentified chrorno
some in a previous cell division. 

Figure 22 

Photographic karyotype of a hypodiploid cell from Case 
13. Only forty··five chromosomes are present. One 
chromosome from pair number 16 is missing. 
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Figure 23 

Photogra.phi.c karyotype of .a hypodiploid cell from Case 
· 13. Only forty-four chromosomes are present. One 
chromos orne is missing fr:oni paj_r number 16. One c bromo
some is al~o missing from group F~ 

Figure 24 

Photographic karyotype of a hypodiploid cell from Case 
· 13. Only forty chromosomes are present. One chromo-
· some number 2 is missing. One chromosome is missing 
from the C - X group. Two group D chromosomes are missirig, 
as well as one chromosome from group F and one fiom group 
G. 
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Figure ·25 

Metaphase spread from Case 14 exhibiting endoredupli
cation. Ninety·~two chromosomes or forty·,six diplochromo·" 
somes are present. 70X. 
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Figure 25 



··.,· 

,1,{_ •· • 

. ' 
.1' 

DISCUSSION . 

·.The purpose of·this study was to determine whether the reported 

aneuploidy in the normal human endometrium was a result of technique 

or an inherent property of the tissue. ·For t~is reason, primary tissue 

cultures of normal secretory and proliferative endometrium were analyzed~ 

Myometrium "t-7as used as a control. In addition, three -samples· of atypical 

endometrium were studied·. \ ~, 

Initial techniques, mincing and 0.25 per cent ~rypsin, for d~s

persing the cells were compared. No significant difference in diploid 

counts could be found between the two techniques. The use of trypsin 

for-initially dispersing the cells had been suggested as a possible cause 

of the aneuploidy reported (Chu and Giles, 1959; Hughes and. Csermaly, 

1965). In the concentration used, 0.25 per cent, it had no effect on 

the chromosomes. This is in agreement with long te.rm serial culture 

studies of hurrian "fibroblastsH in which the diploi.d counts remained within 

· a normal range after 8 - 12 months of trypsinized subculture ~Hayflick and 

Moor~ead, 1961; Miles, 1964). However, this does not eliminate the pass 1:~ 

bility that higher concentrations of.trypsin might cause chromosomal 

aberrations and aneuploidy. 

The mean percentage of diploid counts from· this first stu'dy was 

approximately 70 per cent. The majoiity 6f the rem~ining counts were 

'73. 



..... 

•,'. _· 
. ',• 

74 

,hypodiploid. Obviously broken cells were noticed in analyzing the cells 

.·{n' this fir~t stu~y. Obviotisly broken cells were not included in =the 

results. It would be difficult, however, to determine how many cells 

which were broken were included in the results. The high percentage 

(27 .4 per cent) sugg-ested that cells which appeared whole and well-

~ircumscribed might have actually been broken. To eliminate some of 

t~is suspected cell breakage and to give a more accurate analysis of 

the chromosome counts, the hypotonic dilution-was decreased~ A hypo-

tonic dilution of one part medium : four parts distilled water had been 

used in this first study. A hypotonic dilution·of one part medium two 

parts. distilled water was tested on normal· secretory endometrilli~. A 

highly significant increase in diploid chromosome counts was accomplished. 

With this increase, a decrease in hypodiploid.counts occurred. This 

seemed to indicate that many of the hypodip laid chromosome counts _in the 

first study were actually counts from broken cells. 

Myometrium was used as a control tissue. Three_ samples treated 

with a hypotonic dilution of one part medium : two parts ~istilled water 

were studied. No significant difference in diploid counts was found 

.between the control myometrium and normal secret~ry endometrium at the 

same dilution. 

Thus~ the excess. hypodiploid counts in normal secretory endometrium 

-in this first study seem to have been the result of technique rather than 

an inherent property of -the tissue. However, they were not the result 

of the· initial trypsinization, but. seem to. have· been the result of the 
,. 

hypotonic pretreatment~ Th~ excess c~ll breakage· caused by th~ hypotonic 
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dilution used initia1ly was decreased.by decreasing the hypotonic dilution. 

Theretore, it is possible that pub~ished re~orts of ~n~uploidy in the· 

endometrium by investigators who' used a hypotonic dilution of one part 

.medium : four parts distilled water or greater might have been the re:... 

·sult of this hypotonic dilution. 

·rt would have been desiraple to make these same comparisons on 

proliferative endometrium. However, since few samples of prolifer,ative 

.endometrium were available, all of them were treated with a hypotonic 

dilution of one part ~edium : two parts distilled water. It was hoped 

that like the secretory endometrium, much of the cell breakage would be 

eliminated and an accurate picture o( the chromosome constitution of pro

liferative endometrium would be.obtained. 

The mean percentage of diploid chromosome counts obtained was 75 

per cent. The majority of the anetiploid counts were hypodiploid. ·A 

. significant difference in diploid chromosome counts was found between 

the proliferative-and secretory endometrium. Also, a significant dif-

ference in diploid chromo~ome counts·was found between proliferative 

endometrium and control myometrium. 

Whether this aneuploidy in t~e proliferative endometrium is an 

inherent property of.the tissue or the result 6f technique is ~ncertain. 

If it is an inherent property of the tissue this should be reflected in 

the secretory stage of the cycle, but it was ·not. The.very nature of 

the tissue in vivo may cause it to a\dapt ~ifferently to in vitro co?

ditions, and because of its high mit6tic index, aneuploidy may r~sult: 
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Pe~haps, the use of in vivo technique~ to study the normal endometrium in 

the proliferative s,tage would give a more accurate picture of the true 

·chro~osome constitution. 

To determine whether there was any .consistency in chromosome 

-
·:losses, a survey of missing chromosomes from hypodiploid cells in both 

-._ p·roliferative and secretory endometrium was made. The ratio expected 

if each chromosome had an equal chance of being lost was ·calculated for 

·comparison. Hmvever, studies on human leucocytes have sho-vm (Miller et 

al. ,_· 1963a; Miller et al., 1963b) that either. because of their size or 

peripheral location in metaphase spteads, loss of ~mailer chromosomes, 

espec_ially those of groups D and G, pa"irs 17 and 18, and the Y chromo·some, 

09curs more frequently than would be expected. Thus, the expected rat-io 

cannot be validly used for a statistical" comparison. If the cyclic 

character of the endometrium-were reflected by a~euploid chromosome 

counts in the endometrium, some consistency in the pattern of missing 

chromos ames in hyp·odip loid cells might be expected. In the present 

. ) 

study~ in general, smaller chromosomes were lost more fr~quently than 

larger chromosomes. This presented a pattern but it was in agreement 

with the non-random loss of chromosomes ,in human leucocytes, which re-

present a noncyclic, non-hormonally controlled tissue. 

Analysis of the chromosome constitution of pathologic states of 

the endometriuin is of potential importance_ not only ·for diagnosis, but 

also in relation _to the genesis of disease, especially tancer~_ of the 

endometrium. For this reason, three cases of atypical endometrium were 

studied. 



·In-cases 12 and 13, some cells-were observed with chromo~omal 

·-trans locations. Although the abnormal cells were few,- there _were. no 
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'_-structural chromosomal abnormalities observed in 556 cells from normal 

proliferative and secretory endometrium and 231 cells from normal myo

metrium. It does not_seem possible that such translocations could have 

arisen as a result of in vitro tissue cultur·e, since only primary tissue 

. cultures were used. Studies of serial subculture of human lung "fibro

blasts" over a period of 8 - 12 months demonstrated that chromosome 

aberrations did not appear until the last few subcultures, as the cells 

failed to divide and the culture began to "dien (Hayflick and Moorhead, 

·1961). It is possible, however, that some physical or chemical element 

in the environment was responsible for the translocations. 

In case 14, endoreduplication was observed in all the hyperdiploid 

cells, ·6. 9 per cent of the total ce'rls. For'·comparisori, the per cent of 

endoreduplication present in the other cases studied was calculated. Of 

.. ·407 cells from_ normal secretory endom~trium only two cells or 0."5 per 

·cent of ·the cells exh_ibited endored.uplication. In 231 cells from normal 

myometrium, no endoreduplication was observed. Endore.duplication was 

observed in four cells or 2.7 per cent of the cells from normal proli

ferative endometrium. In the cases. of atypical endometrium, case 12 

·_.'had one cell (1.4 per cent) and case 13 had one cell (0.6 per cerlt) 

exhibiting endoreduplica.tion. Although no statistical comparison was 

performed, endoreduplication was more frequent _in case 14 than in any 

other case studied. 

,· 

·r ,-. 
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Endoreduplication has been.studied by several investigators 

(Aspillaia, Neu, and.Gardner, 1964; Bain and Gauld, 1964; Bieiele 
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·et al., 1962; Bishun, Morton, and.Rashad,. 1964; Bottura and Ferrari, 

1963; Hauschka et· al., i962; Reisman, Zuelzer, and Mitani, 1963) who 

concluded that endoreduplication is found secondary to a primary chro~o

some abnormality. However, no primary chromosome abnormalities were 

observed ih this case. Endoreduplicatio~ may be related to the high· 

mitotic index in cystic and· adenomatous hyperplasia. Proliferative 

-endometrium, which also has a high mitotic index, ranked second to 

case 14 in per cent of endoreduplication . 

. To study atypical endometrium, control data on normal endometrium 

is necessary for comparison. In the present study an attempt was made 

to determine the true chromosome cons titu:tion of normal human endo

metr-ium. From the results obtained, i.t seems possible that secretory 

endometrium can serve as its o1;·m control. However, further .study is 

necessary to determine whether the results from proliferative endometrium 

represent the true picture of its chromosome constitution. The results 

from atypical endometrium are too limited to draw any conclusions; how

ever, in view of the chromosome abnormalities observed in these three 

tases further study on the problem is warranted. It is hoped that a 

more elaborate study of atypical endometrium will be initiated • 

: ~ . . _. 
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\. ," SUMMARY 

1. ·. The purpo~e. o.f this s.tudy was to determine whether the reported 

. -

- aneuploidy in the n~rmal human endometrium was the result of 

technique or an inherent property of ·the tissue. 

2-~. Primary tissue cultures of secretory and proliferative endometrium 

were used. Myome~rium was used as a control. Initial treatments, 

· __ mincing and 0. 25 per .cent trypsin, were c·ompared for their effect 

.on the chromosome constitution .. of normal secretory endometrium. A 

decre~sed hypotonic dilution was also tested on secretory endo-

·metrium to eliminate cell breakage.- Three cases of atypical endo-

metrium were s~udied. 

3. No significant difference between the two initial treatments was ob-

served. A highly significant differe.nce was found between the effect 

of the two hypotonic dilutions on secretory endometrium. Prolifera-

t±ve endometrium had a significantly lower per cent of diploid counts 

than secretory endometrium or myometrium. The three cases of atypical 

endometrium showed some abnormal cells, but no definite conclusion 

·could be drawn as to their etiology. 

4. It was concluded that the reported aneuploidy in normal secretory 

-endometrium was the result of technique. Further study is necessary. 

on normal prolifgrat.ive and atypical endometrium. 

?: . 
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APPENDIX. 

In the text of ~his thesis the chromosome counts in all the 

tables were divided into three c: lasses, hypodip laid, ,dip laid, and 

hyperdiploid. All other counts were considered relative to the 

diploid c6unts. In this appendix; however, the actual chromosome 
. l. 

-counts in the various tissues stu~ied are present.ed in Tables VIII 

through XIII. Ref~rence is made ih each table to the table in the 

text .of the thesis which contains data from the same experiment . 

. .. . . -83-
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··Total 

.ACTU.A,L· CHROMOSOME COUNTS~ OF NORMAL 'HUMAN 'ENDOMETR.rut-f IN THE .. 
. SECRETORY STAGE INITIALLX TREATED~ WITH .A- MINCING TECHNIQUE 

. . . , FOR-_CEtL·I)I?PERSIQ~--·(T~LE··I·.a~· Pag·e .42~. . - . 

Chromosomes. per cell· 

32 39 ,42 43 44. 45 46 47· 48 92. ·Total· 
'.· -· 

"· cells 

1 ·39· 1- ··41 

_1-' l 2 8 •' 12' 

. 1 .4' 17 1· ... ·. .27 

1 1 3 ·4 15 * 1 30 

5 3 10 '-'- 79 1' 1 .1* 11,.0·: 
• ' ' I . ' 

Range: in chromosomecounts 32··- 92 chromos·omes per ·ceil 

·.·--·. 

·.· ... 

-,• . 
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TABLE IX 

. ACTUAL CHROMOSO:t:'IE COUNTS OF NORMAL HlJMAN ENDOMETRiill1 IN THE 
:SECRETORY 'STAGE INITIALLY TREATED WITH 0. 25 PER CENT TRYPSIN· 

FOR CELL DISPERSION (TABLE I b, Page· 43) . 

Chromosomes per cell 

CASE 29 32 33 34 36 37 38 40 41 42 43 44 45 46 47 58 77 92 Total 
Cells 

.• , 

2 1 ·1 1 '2 2 1 2 2' 3 4 26 45 

* 3' 1 1 1 1 2 .2' 10 68 1 1 88 

4·. 2 1 1 1 2 '4 6 5 60 " ' 1 85 "-

6 1 1.11 13 

Total 1 1 1 1 4 3 4 ' 1 4 6 4 11 20 165 2- 1 1 1* 231 

Range in chromosome counts 29 - 92 chromosomes per cell 

*Endoreduplication 

. ' ... 
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TABLE. X 

ACTUAL CHROMOSOME COUNTS OF NOru1AL HUNAN ENDOJ:.'IETRIUM IN THE. 
SECRETORY STAGE TREATED WITH A HYPOTONIC-MEDIUM CONSISTING 

·oF ONE PART HEDIUM : TT~O PARTS DISTILLED WATER (TABLE II, Page 45) , 

Chromosonie_s per cell 

-.-·CASE 39 '40 ' 41 42 43 44 45 46 89 Total 
Cells 

5 1 19 20 

6· 1 27 28 

8 1 1 2 13 1 18 

.Total 1 1 2 2 59 1 66 
.. ~· .. 

Range in chromosome counts 39 '89 chromosomes per cell 

·_,.·' 

- . .' _···: .. ~·· / .. : ._., . 
_:. Q ~ . . . . . ,. .,._ 

' ' 

. "-. 
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ACTUAL · CHROHOSOME. COUNTS .- OF. NORMAl HUMAJ.~ ENDOMETRIUM IN. THE 
. . .. PROLIFERATIVE STAGE TREATED WITH .A HYPOTO~ird ... ·MEDiuM. 

CON~.IS~ING. OF OijE. · P~T .:t--IED.IY.fl .: . TWO PARTS DISTIL~~D .: 
WATER {T~·LE II.!_?· P.?ge 47). . 

per cell 
,.,; 

._42- 43 44 45 .· 46 ·47 48 85 :92 .138 164? 

2 .-.· . 24. 
--,= ... 

-~· 2,-. 
.£. 

3. 3 

4 5 5 12 112 
. ' 

chromoso~e c.oun~s 

* '. ' · .... 
_--_ Epd~oreduplication 

' .. 
- . 

.·. 

41 

' ._ .. 

1 
: •' 

1*' 1_. I*· 

1· ' * 1 .. ·-

1* 

1 .1 1 '* 3 1' '*'• '1 ' 
- . . 

. !"64? chJ;om~som~s p~r· eel{ 

'··. 

. . ~ -" . ~ .. _ .. 

,'IJ.-, 

. •, 

T~tal-
Cells .. ·· 

32--

48' 

6'9. 

149 
I· 

:· 

·,; 
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TABLE XII 

ACTUAL CHROMOSOME COUNTS OF NORMAL HUNAN MYOMETRIUM TREATED 
WITH A HYPOTONIC MEDIUM CONSISTING OF ONE .PART MEDiuM 

:TWO-PARTS DISTILLED WATER AND USED AS A CONTROL 
. (TABLE IV, Page 48) 

Chromosomes per cell 

.TISSUE 37 38 39 40 41 42 43 44 45 46 47 
NUMBER 

.i 1 6 40 1 

"2 1 1 1 3' 22 

3 1 1 1 2 1 1 10· 135 2 

·Total 1 1 1 1 2 2 1 2 19 197 3· 

·Range in chromosome counts : 37 - 93 chromosomes per cell 

~- . . -

. ·. 88 

93 Total 
Cells 

1 49 

28 

i54 

1 231 



r·.•·, 

1':'', 

.. . 
·-.:· .. 

......... 

. ·,· 

."" .·• '·, 
.• 

'· _.,.. -·. ·:,..,· 

......... 

.-- ..... 
• ~ '" > • " • • • - ,. • 

.... 
., 

:.'. 

··. · ... ·:· 

.. · 
. •. :, 

.·TABLE:· XIII: 
.. 

.. 
, r. •• • 

:ACTUAL _'cHRONOSO~ COUNTS iN ·CELLS- FR.OH .THREE ·cAS·Es· OF ATYPICAL 
"'-... ' - . ENDOHETRIUM ('l;'AELE VI, _Page 55) .·:. 

. . 

"',-
~-· .. - . 

• 1,··. 

. . ' . 
. ~ " ... ··: 

-·:_,CASE:·· 33 ·34 38 39 40 41 42 .43. 44 .45. ,46 ·48 ·92:···:To~a~ 

·1'' ··1 ,, ·].._.. ·_:2; 

1· 

· · · .·cells 

:3. ·. 7 . 33 .. · .. 5'0. 
·-... 

19. 
'·:· .. _:·.; 

:-:'". 

. . 

',. ·· .... 

~. - <. ) : 

.: .. 
; __ . '· 

\ . ·' ~ 

. . 

:Total 1 1. 1. 2 2 ~·· 9 47 '·1·· ·'i*. 
~R~nge in .chromosome counts : 33 ..: · 92 chromos-omes per. cell 

·CASK'. 28 31. 

c· -·13 ... :.1 

Chromosom.es per cell 

32 39 40:. '41 . 42 43-·· 44 -·--45. 46' 47 . 92'-

1. 3. 5 2 10- 5 16 19 97' .3 1~ 

69 
.·,· 

· rotal 
. Cells . 

164··· 
·.' _________________________________ .....;...; ______ ~-------

··'· Rang_e· in chromosome counts. 28 · .- 92: chromosomes 'per cell·.-._· 

· ... :·--~4~. 

··.·.i4e: 1. ·1-

2 

43· 44 

1 

1 

4-5 

3'· 

3 

46 

,.- 62 

99 

161 

'5* ' 

s* :. 

Total 
cell$ 

is· 

' 187 

.·Range. in chromosome.· counts : .:31 ~ 92 -· chrell)osom_e_s_.-~p_e_r_·_· c;,_e_l~·-1--=---------· _· _. __ 

~ ·arnitial treat'QJ.ent: 0. 25 per ·.cent .tr.yps_iri ·Hypoto~ic: -dilution: 1 .. : . .4. ... 
. _:brniti~1·. treatment:_. Mincing Hypotonic dilution: 1 :. 4 · · 

t;Initial treatment·:. Mincing. .Hypot_o·nic dilution·: 1 : ·4 ... _ 
-drn'itial- treatment: 0. 25" pe'i:·. c·ent __ :trypsin .. ·Hypotonic;: dilution: ·_1· .: ·. 4·. 
--~Initial treatment·:· 0. 25.. per c.erit_· trypsin .. ·HYp:otonic ·.dilutiqn: .. -~-':: ~ 
~Endor:e~uplfcation"·. . . I ,_: • .,.j .! ~. • 

-· ·;:.. 
. '. 

. --:. ; ~- . 

~ . . . 

. ~-

·.·,... 

· .. ,•' 

--:.-"'. 




