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I T IS now generally conceded that the ‘thymocytes” are lymphocytes having an

embryonic origin in the mesenchyme surrounding the epithelial anlage of the

thymus, as shown by Maximow,’ 2 Hammar,36 Hartmann,’ and others. A few

investigators (Fulci,8 Goldner,9 Dustin,’#{176} Schaffer,” St#{246}hr,’2Pappenheimer,’3’ 14

Winiwarter,’5 Gottesma&6 and Jaffe’7. 18) have derived the free thymus cells from

the epithelium, believing that they are special parenchymatous elements of the

organ and not lymphocytes, or they are genuine lymphocytes derived from the

epithelium (Schaffer,” Prenant,’9 Gottesman’#{176} and Jaffe’7’ 18). However, investiga-

tions of the embryonic development of the thymus, especially the detailed studies

of Maximow’ 2 and Hartmann,7 and experiments with radiation, transplantation,

tissue culture, etc., (Dantschakoff,21 Hammar,36Jo1ly,2’ PopofP2’ 23) have con-

vinced most investigators that the thymocytes are true small, medium and large

lymphocytes identical to those of the lymph nodes, and that, like the latter, they

are derived from mesenchymatous tissue.

As the normal thymus does not have germinal centers and lymph nodules it can

be assumed that most of the lymphocytes of the adult organ, the majority of which

are small lymphocytes, are descendants of the large lymphocytes which invade the

epithelial anlage from the mesenchyme of the embryo. Hartmann7 (1915) states

that the immigration of these large, basophilic, ameboid lymphocytes begins at

about the fifteenth or sixteenth day in the rabbit fetus, and that it subsides grad-

ually. Transformation of these cells to small lymphocytes begins on the nineteenth

fetal day, and all intermediate stages in the transformation are present between the

nineteenth and twenty-fifth days, after the epithelial anlage has been completely

penetrated by the large cells.

Maximow” 2 saw many of these first large lymphocytes in mitosis and concluded

that the production of small cells was largely by division of the large ones. Hart-

mann7 could not determine the exact mechanism and seemed to assume that there
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1316CYTOLOGY OF RABBIT THYMUS

is direct transformation of large to small cells. Many of the latter were in mitosis

which, she thought, proved that they were not all derived from large lymphocytes.

To what extent the local stroma can contribute new lymphocytes, especially in

the adult, is somewhat uncertain. The question is important from the standpoint

of the maintenance of lymphocytes in the normal organ and their regeneration

following pathologic involution. It was the main problem in the present investi-

gation.

That the bulk of the supporting stroma is composed of an epithelial remnant of

the embryonic anlage has been shown in detail by Hammar,3-6 Maximow” 2 and

Hartmann.7 The epithelium becomes disorganized by the immigration and prolifer-

ation of lymphocytes and assumes a superficial resemblance to the reticulum of

lymph nodes. Hart24 (1911); Rudberg2’ (‘907); Pappenheimer’3 (1910); Hammar,3-6

Ssyssojew26 (1914); Wituschinski27 (1916); Marine28 (1931) claim that this epithe-

hal ‘reticulum” can form histiocytes, macrophages and giant cells, but the con-

clusion of Schaffer” and of Gottesman’#{176} and Jaffe 17, 18 (192.4) that this tissue can

also produce genuine lymphocytes is denied by the above authors and most other

students of the problem. Ssyssojew,2#{176} who studied accidental involution in chil-

dren, concluded that the cells of the epithelial reticulum behave exactly like those

of the reticulo-endothelial system, and that they should be included with this

system in spite of their different origin.

The problem is difficult because mesenchymatous tissue becomes mixed with the

epithelial portion and it is usually impossible to distinguish the two tissues in

sections of the late fetal and adult stages.

Fibers, interpreted as connective tissue fibers, were seen in the thymus by Wat-

ney29 (i88i); Bell3#{176}(19o6); Mietens3’ (19o9); Pappenheimer’3 (1910); Salkind32

(1911); Hartmann7 (1915); Strandberg33 (1918); and Jolly2’ (1913). Their presence

except for those radiating from septa and blood vessels is denied by Badertscher34

(1915). Strandberg,33 using the Bielschowsky method, made an intensive study of

the fibers in the human thymus from fetuses, newborn and adults up to the age of

�4. He found that the black silver-staining fibers increased with age. They were

most abundant in the medulla and the boundary between cortex and medulla.

They radiated from the septa and from the blood vessels which penetrate the organ,

and they penetrated the medulla for considerable distance beyond the vessels and

septa. He could not determine relationship of fibers to cells and could not distin-

guish between epithelial cells and mesenchymatous reticular cells. The article is

accompanied by excellent lithographed plates. The writer’s preparations of rabbit

thymus stained with azo-carmine show practically identical relationships of the

blue-staining fibers to parenchyme as those described by Strandberg for the human

thymus.

Mietens3’ (1909) had observed numerous fibers penetrating the epithelial reticu-

lum of the medulla in human and animal thymus from deep ends of septa and from

perivascular tissue. The fibers become embedded in this reticulum but they do not

contribute to its formation. Numerous thin fibrils in the cellular reticulum were

thought to be precollagenous, while the thicker ones derived from septa and pen-

vascular tissue of the larger vessels, and stained blue with Mallory, are collagenous.
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HAL DOWNEY 1317

Jolly,2’ in 192.3 and earlier, agreed that the thick fibers are collagenous. He could

not stain the thin fibnils of the epithelium with Mallory’s connective tissue stain,

but could stain them with iron hematoxylin after prolonged mordanting, and so

interpreted them as mitochondnial formations similar to those of the epidermis.

Investigations of others show that, mixed with the epithelial stroma there is a

certain amount of mesenchymatous tissue which is undoubtedly responsible for the

production of the reticular fibers. The problem was studied by Salkind32 (1912.),

Mollier35 (1913), and in great detail by Hartmann7 (1915) who investigated the

histogenesis of the rabbit thymus. Hartmann found that mesenchyme penetrates

the embryonic anlage with the connective tissue septa and the blood vessels. At

first it can be distinguished from the epithelium but later this distinction is im-

possible. As capillaries develop throughout the organ she assumed that they must

be accompanied by mesenchyme which has the capacity to form new lymphocytes.

During development of the thymus the narrow connective tissue septa contain

numerous lymphoid cells and this tissue becomes a true lymphatic tissue, while the

tissue surrounding the lobules remains as an ordinary connective tissue. She noted

that the boundary line between the epithelium and the lymphatic tissue was soon

obliterated and that the two tissues intermingled, a large portion of the septal

tissue becoming a part of the organ parenchyme. She believed, but could not prove,

that the mesenchymatous reticulum continues to form lymphocytes. One of the

important conclusions from this work was, that the thymus stroma contains much

more mesenchymatous tissue than generally had been assumed.

Salkind32 stated that he could see lymphocytes budding from the mesenchyma-

tous reticulum within the thymus of the adult.

Tschassownikow36 found it impossible to distinguish the two tissues except in

tissue culture, where they separate.

Popoff23 (1918), a student of Maximow’s, investigated rabbit thymus by the

tissue culture method. He found that the epithelium formed islands and a border

at the edge of the lobules. Some of its cells became isolated from the syncytium,

but they never phagocytized or stored colloidal dye. Later the epithelium degen-

erated and lymphocytes, histiocytes or myelocytes were never formed from it.

Histiocytes were numerous in the earliest cultures. They were derived form the con-

nective tissue partitions between the lobules, and in the interior of the organ, from

undifferentiated mesenchyme cells about the blood vessels. Undifferentiated mesen-

chyme was found everywhere in close association with the blood vessels, and it is

this tissue which produces histiocytes and lymphocytes in the autotransplanted

thymus and during regeneration following radiation.

Emmart37 (1936) also experimented with tissue cultures of embryo beef and

human thymus and of 3-7 week old rats. She found that the outgrowth of epithe-

hal reticulum could be distinguished from that of the mesenchymatous reticulum.

The cells of the latter were smaller than those of the former and their nuclei were

different. The epithelial reticulum formed sheets of cells in the later cultures. In

two or three days after subculture there was an outgrowth of “epithelioid tissue”

which differed from the outgrowth of the other two tissues. Its narrower bands had

a distinct margin composed of fibroblast-like cells. Later some of the epithelioid
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1318 CYTOLOGY OF RABBIT THYMUS

tissue broke up into individual round cells. This tissue was assumed to be a remnant

of the original epithelium which had not been transformed to reticulum. No proof

was offered for this conclusion.

From the foregoing statements from some of the literature it can be asserted that

the thymus does contain a considerable amount of mesenchymatous tissue mixed

with the epithelial stroma and that it is probably this tissue which produces the

fibers described by numerous authors. From the character of the fibrils and from its

activity in the production of histiocytes and lymphocytes (Popoff22’ 23) it can be

concluded that this tissue is similar to the reticulum of lymph nodes, or that it is

an undifferentiated mesenchyme closely associated with the vessels, as claimed by

Popoff.

The writer was interested in determining whether the mesenchymatous reticulum

can be distinguished from the epithelium in imprints or smears of the organ, and,

if it can, to what extent it contributes to the formation of new lymphocytes in the

normal organ and during regeneration following irradiation. He was also interested

in studying the thymus lymphocytes in imprints, an interest which was stimulated

by Dr. Arthur Kirschbaum, who showed him some very immature lymphocytes in

imprints of the normal mouse thymus.

Pinner38 (1915), a student of Pappenheimer’s, seems to be the only one who has

made a detailed cytological study of the thymus by the smear method. His interest

was focused largely on the question of whether the small thymus cells are lympho-

cytes or epithehial derivatives.

The origin of myelocytes and mature granulocytes of the thymus was another

problem studied in the present investigation. Their presence in the thymus has been

described many times but there is no agreement on their origin. Some, like Hart24

and Fulci,’ believe that they immigrate from the blood or connective tissue. Hart

saw scattered eosinophil myelocytes in the human thymus, but believed they were

the result of special conditions rather than an indication of hematopoiesis. He

thought the blood was the most likely source. Wituschinski27 (1916), experi-

menting with the introduction of foreign bodies in the thymus, derived them from

adventitial cells of the vessels and from “hemocytoblasts,” some of which origi-

nated from the epithelial stroma.

The prevailing theory for the origin of the thymus myelocytes is that they are

derived from the lymphocytes of the organ. Maximow’ (1909) described the de-

velopment of myelocytes from large lymphocytes of the thymus of fetal rabbit and

other animals. Danchakoff2#{176} (1916) showed a similar origin in the thymus of chick

embryos after implantation of spleen grafts on their allantois.

Weidenreich and his student Weill made a detailed study of this problem. The

main features were published by Weidenreich39 (1912.) and the details by Weihl4#{176}

(1913). Their material was taken from full grown rats and from 4 normal human

subjects, aged 15, 17, 19, and 37 years. The 19 and 37 year olds were executed and

the material was placed in the fixing fluid immediately afterwards. The other 2.

were cases of accidental deaths.

The rat thymus was valuable because of the ring-shaped nucleus in the hetero-
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HAL DOWNEY 1319

phils and eosinophils which facilitated the study of the development of these cells

from lymphocytes. All transitional stages in the process could be seen. The thymus

cells also developed to plasma cells. The basophils were of the tissue type and were

located in the connective tissue only.

The thymus from all 4 human subjects contained neutrophil and eosinophil

myelocytes. Eosinophils were seen in every section, and even in the 37 year old

subject about 35 per cent of them were myelocytes. The nuclei of the myelocytes

varied from large leptochromatic to small pachychromatic nuclei similar to those

of the small cells. Many myelocytes were in mitosis. Transitions between lympho-

cytes and plasma cells were seen also in the human thymus, and a few plasma mast

cells were noted. Other mast cells were of the tissue type.

The authors concluded that the free round cells of the thymus are genuine lym-

phocytes of various sizes similar to those of lymph nodes. All types of lymphocytes,

even the small ones, can develop to granulocytes and plasma cells within the thy-

mus, and this is a normal process at all ages.

The authors did not mention the possibility of the development of granulocytes

from mesenchymatous tissue located within the limits of the thymus parenchyme.

Pinner38 made smears from the human thymus of 2.5 cases ranging in age from

newborn to one year, and from one 8 week old rabbit. Two types of myelocytes

were seen. One type had large, pale nuclei and was identical to the marrow myelo-

cytes; the other type had small, dark lymphocytic nuclei. Both forms occurred in

the promyelocyte stages with few granules. Pinner assumed that they were derived

from lymphocytes, but he did not give any of the details.

Hartmann7 saw some myelocytes with nuclear structure similar to that of large

lymphocytes in sections of rabbit thymus. She derived the granulocytes of the

organ from large lymphocytes, but was not certain that they were of local origin,

because she could not find eosinophil myelocytes containing only a few granules

and because the neighboring connective tissue contained many granulocytes.

Ssyssojew2#{176} saw extensive myeloid metaplasia during pathologic involution in

i� children who had died of infectious diseases. The neutrophil promyelocytes were

identical to the large lymphocytes except for the presence of granules in their cyto-

plasm. There was also myeloid metaplasia in the surrounding connective tissue,

and in nearby vessels which had its beginning with large lymphocytes. Neutrophils

were the most numerous granulocytes.

Popoff22 (192.6), in regenerating stumps remaining after partial extirpation and of

transplants, noted the formation of lymphocytes of different sizes from the con-

nective tissue which invaded the hypertrophied epithehium with the vessels. Some

of these lymphocytes developed to myelocytes which were “. . . mostly of the

darkly nucleated, micromyelocytic variety.”

Fulci8 (1913) stated that the thymocytes are not lymphocytes because they do not

differentiate to plasma cells or granulocytes. However, the foregoing extracts from

the literature indicate that there is good evidence for the origin of granulocytes

from these cells, and Schaffer,” Weidenreich39 and Dantschakoff2#{176} showed that

they can form plasma cells. As the material studied by the writer contained many
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132.0 CYTOLOGY OF RABBIT THYMUS

myelocytes in both sections and imprints it was felt that renewed study of this

question might be of interest. The imprints seemed to be of special importance be-

cause they showed the finest details of nuclear structure, which is a valuable feature

in determining the origin of cells.

MATERIALS AND METHODS

The animals used were so newly born rabbits and 2. young normal rabbits, age 4 or � months. One

young rabbit, aged 4 or months, was irradiated with a dosage of 500 r.u. This animal was killed on the

sixth day after irradiation. Its thymus was large. One old rabbit was given 400 r.u. and killed eight days

after irradiation. Its thymus was in an advanced stage of involution and showed epithelial hyperplasia.

One old normal rabbit was not irradiated.

Some human material was also used for imprints. The specimens were from 2. full term newborns, 2.

stillborns who died shortly before birth, one 2. year old male, one � months fetus, and one premature

aged 61 fetal months.

Sections and imprints were made from all of these animals and imprints from the human material.

Sections were stained with hematoxylin and eosin, Dominici’s eosin-orange G-toluidin blue, and with

Pappenheim’s methyl green and pyronin. A few were stained with azocarmine for study of the distribu-

tion of connective tissue fibers. Sections stained with methyl green and pyronin were dehydrated with

dioxan, as suggested by Miss Helen Harris of this laboratory. Retention of stain was much better than

with the usual acetone or alcohol dehydration.

The imprints were made by touching a cut surface of the organ to a slide without smearing. The prep-

arations were dried rapidly by waving them through the air, rapid drying b:ing essential for good films.

All imprints were stained with the May-Grunwald Giemsa combination. The Giemsa stain was used in

double strength, 6 drops of stock solution in 3 cc. of distilled water for each slide for five or six minutes.

The May-Gr#{252}nwald solution was used like Wright’s stain, one minute in the stock solution and three

minutes after the addition of water. The diluted stain was poured off and the Giemsa added without

rinsing. The slides were not covered because it was intended to use only the oil immersion objective.

Most of the imprints showed some p:rtions that were good for cytological study.

OBSERVATIONS (RABBIT)

The irradiated animals were, used for the study of regeneration of lymphocytes

in the thymus; the others for detailed study of the lymphocytes and of cells from

the epithehial and mesenchymatous reticulum and for the granulocytes.

There was little histologic or cytologic difference between the thymuses of the

newborn animals and those from the young adults, aged 4 or � months. In the new-

born there were, however, fewer large lymphocytes and, in the imprints, more

epithelial cells than were seen in the young adults. The presence of more epithelial

reticular cells in the imprints of the newborn probably was due to the delicate

texture of the organ which caused more of the epithehial cells to adhere to the

glass.

EPITHELIAL AND MESENCHYMATOUS RETICULUM

In the imprints, the mesenchymatous cells usually could be distinguished from

those of the epithelium, as shown in figures �, 6 and 7 from newly born rabbits.

Figures � and 6 are epithelial cells and figure 7 is a mesenchymatous cell identical

to the reticular cells of lymph node imprints. The epithelial cells have rather sharp

outlines when they are free and their cytop�ams is of a translucent pale blue color

when stained with May-Giemsa. It is not completely homogeneous, for some areas
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HAL DOWNEY 1311

are slightly more basophilic than others, and it usually contains many small

vacuoles seen best in the darker areas. It does not have the larger vacuoles usually

present in the mesenchymatous cells or inclusions of phagocytized material in the

normal animals.

Figures � and 6 illustrate variations in structure of the nuclei of the epithelial

cells of the imprints. As seen in figure 5, the chromatin has a rather uniform distri-

bution in the form of a network of broad strands which do not stain very intensely.

This network may become more sharply defined and there may be some clumping of

chromatin, as seen in figure 6. Nucleoli were not seen in the imprints, but in sections

many of the epithelial cell nuclei contain a sharply defined spherical nucleolus

which, with Dominici’s stain, is colored light pink while the chromatin is blue.

Pinner38 saw nucleoli in some of the epithelial cells of imprints of human thymus.

The nuclear membrane is extremely thin and poorly defined.

In the imprints the nucleus is round (fig. 6) or slightly irregular in shape, and in

many of the cells it has a deep groove on the surface (fig. 5). These nuclear grooves

also are seen in the sections, especially in the inner portion of the cortex and in the

medulla, where the shape of the nucleus tends to be more irregular than in the outer

portion of the cortex. In the latter region the nuclei are usually round or elliptical.

In the sections the chromatin is condensed to a few scattered small granules which

do not condense around the nucleoli. This results in an extremely pale nucleus with

any of the stains used. The cytoplasm also shows very little affinity for any stain.

Cells like those of figures � and 6 are not numerous in the imprints, probably be-

cause they are not easily detached from their fixed position. They are most numer-

ous in the imprints from the newborn animals. Many of them are damaged in the

imprinting but usually can be identified by their peculiar cytoplasm in case the

nuclear damage is too extensive.

The imprints do not have many histiocytic reticular cells like the one of figure

7 but there are enough of them to indicate that they are an important constituent

of the stroma. They are identical to the reticular cells of imprints of lymph nodes

illustrated by Sundberg and Downey41 (1941) in their figure 7, and in figure 4 of

Downey and Stasney42 (1936). They are not fibrocytes of the septa or surrounding

connective tissue because fibrocytes do not show the pronounced stippling of the

nuclear chromatin of reticular cells and their cytoplasm is more homogeneous.

The reticular cell of figure 7, and others like it, differs in both nucleus and cyto-

plasm from the epithelial cells of figures � and 6. The cytoplasm has a pinkish cast

due to the presence of numerous small azurophilic granules. It usually contains

several large vacuoles, often with inclusions of phagocytized material. It seems to

be more fluid in texture than that of the epithelial cells, for it usually extends for

some distance beyond the nucleus and flows between neighboring lymphocytes, as

seen in figure 7.

The nucleus stains darker than that of the epithelial cells because the chromatin

is condensed in the form of small granules which gives the nucleus a stippled ap-

pearance. There are some open spaces in which the violet parachromatin is con-

spicuous. There may be some clumping of the chromatin granules to form chroma-
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132.2. CYTOLOGY OF RABBIT THYMUS
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All figures are from thvmus of rabbit. All were painted with the same magnification, Leitz �.. oil

immersion objective and oscular IOX. Camera lucida outlines. The imprints were stained with May-

Gr#{252}nwald Giemsa and the sectio.is with Dominici’s eosin-orange G-toluidin blue.

FIGS. i, i, 3. Pseudoeosinophil promvelocvtes and metan�velocvte. Imprint from day-old rabbit.

In fig. i the nucleus shows some stippling of chromatin that is characteristic of cells of the mesenchvma-

tous reticulum, like the one of fig. 7, suggesting origin of granulocvtes from this reticulum. Such an

origin as seen in sections is illustrated in fig. so.
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HAL DOWNEY 132.3

tin blocks. The beginning of this process is shown in figure 7. The type of stippled

nucleus shown in figure 7 is characteristic of reticular cells regardless of their loca-

tion. Free histiocytes also show this same type of nucleus even when they are

derived from lymphocytes, as is often seen in inflammation of the loose connective

tissue, as shown by Kolouch43 (��) in his figure 7b.

In imprints it is sometimes difficult to distinguish cells of the epithelial reticulum

from those of mesenchymatous origin. The epithelial cells may round up and be-

come free and there may be considerable clumping of chromatin. Usually the sharp

nuclear groove or the pale translucent cytoplasm will serve to identify them as

epithelial cells. However, where the cells are crowded between lymphocytes it may

be impossible to classify them, especially when the mesenchymatous cells are

undifferentiated and do not have the histiocytic type of cytoplasm seen in figure 7.

In sections the difficulty is, of course, still greater.

Pinner,38 who studied imprints of human thymus, does not mention the presence

of any mesenchymatous cells. He did see epithelial cells with very leptochromatic

nuclei some of which had nucleoli. They were not described or illustrated in detail.

In the sections the mesenchymatous tissue often can be identified in some areas

under the capsule and around the blood vessels which penetrate the cortex and

medulla. When stained with azocarmine blue connective tissue fibers are seen to

be most numerous in the medulla around the blood vessels but not entirely confined

to the immediate neighborhood of the vessels. Some very thin fibers radiate for

some distance from the vessels into the parenchyme, and some thin fibers penetrate

FiG. 4. Promyelocyte of mast leukocyte. The nucleus is similar to the one of fig. i. Same imprint as

figs. i-;.

FIGs. and 6. Epithelial “reticulum” cells from imprint. Note nuclear groove in fig. and clumping

of chromatin in fig. 6. The cytoplasm is characteristic and unlike that of the mesenchymatous cell of fig.

7. Same imprint as figs. 1-4.

FIG. 7. Imprint of cell from mesenchymatous reticulum. Newborn. Compare nucleus and cytoplasm

with the epithelial cells of figs. 5 and 6. Note characteristic stippled nucleus and azurophilic granules in

cytoplasm of fig. 7.

Fios. 8 and 9. From imprint of newborn. Fig. 8. Lymphoblast showing very diffuse distribution of

chromatin. In fig. 9 there is some clumping of chromatin and some stippling suggesting origin of this

cell from mesenchyme.

Fio. ,o. Section, young normal adult. Development of heterophils from mesenchymatous reticulum

under capsule. Nucleus of upper granulocyte similar to nucleus of mesenchyme. Cytoplasm of mesen-

chyme cell not shown because it is unstained until granules begin to develop. The lower granulocyte

shows that chromatin increases as the cytoplasm fills with granules.

FIGS. is and is.. Section, young normal adult. Hemocytoblastic myelocytes in septum. A slight amount

of basophilic cytoplasns is still present.

FiG. 13. Section, young adult. Heterophil myelocyte in cortex.

Fios. 14 and 15. Imprint, young adult. Lymphocytic heterophil promyelocvte and myelocyte with

nuclei of small lymphocytes. Compare these nuclei with those of figs. i, s., and 4.

FIG. i6. Imprint, young adult. Heterophil metamyelocyte which seems to have developed from a cell

like i�.

FIG. 17. Section. Eosinophil myelocyte with nucleus of small lymphocyte. This cell was one of a group

of similar cells in interlobular connective tissue. Eosinophils of this type and transitions between them

and the bibbed form occur in the medulla. All the eosinophils of the rabbit thymus seem to develop

from small lymphocytes. Figs. 14 and i� prove that heterophils also may develop from small lympho-

cytes.
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132.4 CYTOLOGY OF RABBIT THYMUS

the cortex from the surrounding connective tissue. Strandberg33(1918)illustrated

the distribution of these fibers which stain black with the Bielschowsky technic.

They also have been described by others, so the details will not be given here. On

account of the black staining with Bielschowsky it may be assumed that the thin-

ner ones are related to reticular fibers and that some of the cells that produce them

are reticular cells similar to the one illustrated in figure 7.

In sections the cytoplasm of these cells is almost colorless while they are in the

inactive state. Their nuclei are round or elliptical. They contain little chromatin,

but more and in coarser particles than is true of the epithelial nuclei. They do not

have nucleoli. One of these nuclei is shown on the right of the 2. granulocytes of

figure lo. The nuclear membrane is thicker than that of the epithelial nuclei.

The cytoplasm was not stained. That cells of this type are mesenchymatous in

origin is proved by the fact that some of them develop to granulocytes as illustrated

in this figure. This will be described in detail later. A similar transformation of

cells from the epithelial reticulum was not seen.

LYMPHOCYTES

The lymphocytes of the imprints are of the small, medium-sized and large types

seen in imprints of rabbit lymph nodes. However, the nodes have some lymphocytes

that are much larger than any encountered in the thymus imprints. The cytoplasm

of these cells is usually smooth, homogeneous except for a few small vacuoles, and

very basophilic. The nuclei are often immature in the sense that they show some

characteristics of the nuclei of the reticular cells from which they are derived.

These large cells and the medium-sized lymphocytes have more cytoplasm than is

seen about the nuclei of the lymphocytes of the thymus, and the nodes have many

more extremely basophilic cells of all types. Extremely basophilic cells are present

in the thymus, but on account of the narrow rim of cytoplasm they are not very

conspicuous. The nodes also contain many more immature lymphocytes than are

present in the thymus. A detailed description of the lymphocytes of the lymph

nodes and ther regeneration will be found in the paper by Sundberg and Downey4’

(1941).

Small lymphocytes with very dark pachychromatic nuclei are the most numer-

ous. They have so little cytoplasm that often it cannot be seen. The chromatin

blocks are very dense and stain very dark blue which is almost black. Slightly less

numerous are larger small lymphocytes with about the same nuclear structure but

with chromatin less dense and staining violet rather than blue black.

Komocki44 (1930) described and illustrated the dense nuclei of the small lympho-

cytes of the thymus. He believed that the smallest cells have no cytoplasm. Poli-

card, Dustin and Marcus were quoted as supporting this opinion. He believed that

the nuclei of the smallest lymphocytes of lymph nodes have a different structure

and that they always are surrounded by cytoplasm. He agreed with Schridde that

the nuclei of the small thymocytes are more loosely constructed than are those

from the corresponding cells of the nodes. His illustrations of the small thymocyte

nuclei are accurate but the figures of lymphocyte nuclei from the lymph of lymph

nodes do not in any way resemble the nuclei of lymphocytes of either sections or
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HAL DOWNEY 132.5

imprints of nodes. Pappenheimer’3 (1910) also believed that most of the small

thymocytes have no cytoplasm that can be detected in smears, in which respect

they differ from lymphocytes of lymph node smears. The thymocytes were

thought to be epithelial elements.

It is true that most of the small thymocytes have very dark “checker-board”

nuclei with sharply demarcated chromatin blocks separated by rather broad pale

interspaces. Many of these nuclei are suggestive of the type seen in small plasma

cells. Similar cells occur in lymph nodes of the same animals but they are not as

numerous and their chromatin blocks usually are not as darkly stained. Naked

nuclei similar to those of the thymus also occur in the nodes. Lymphocytes that

are slightly larger than the smallest ones usually have cytoplasm in both nodes

and thymus.

The writer concludes that every type of lymphocyte of the thymus can be dupli-

cated in the nodes. However, certain types predominate in each of these organs,

as has been shown in the preceding discussion.

Next in number in the thymus are medium and small large lymphocytes, usually

with the nuclear structure of mature lymphocytes. Cells corresponding to the

largest lymphocytes of the nodes do not occur. The cytoplasm of these thymus cells

forms a narrow band about the nucleus; it is basophilic but usually not as dense and

homogeneous as in the nodes. It usually has a light area at one side of the nucleus.

Lymphocytes with abundant cytoplasm are scarce.

In sections narrow-bodied large lymphocytes are scattered among the small and

medium ones of the cortex. There are very few large or medium-sized ones in the

medulla. The largest ones with the most abundant cytoplasm tend to collect under

the condensed connective tissue at the surface of the lobules. Here they approach

in size the large lymphocytes of the nodes, although the nodes have some lympho-

cytes larger than any that occur in the thymus. Blood vessels of the medulla some-

times are surrounded by a dense collar of small and medium lymphocytes, a condi-

tion which seems to be more frequent during regeneration after radiation.

In the thymus imprints there is a fair number of large lymphocytes with very

‘immature” nuclei. In some of these cells it is diffusely distributed in the form of a

delicate network or fine stippling without any clumping of chromatin. One such

cell is shown in figure 8. Cells of this type are sufficiently immature to be called

lymphoblasts. They resemble the lymphocytes of acute leukemia more than they

do the immature reticular lymphocytes of the rabbit nodes. These “blast” cells

are not numerous. Cells like the one of figure 9, in which there is some clumping of

chromatin, are more numerous. The nucleus of this cell has some characteristics

suggesting origin of the cell from a mesenchymatous reticular cell with a nucleus

similar to that of figure 7. There is some clumping of chromatin but there is also

some coarse stippling of the chromatin like that of figure 7. Some transitional

forms between 7 and 9 could be found but they were not nearly as numerous as in

lymph nodes. Illustrations of these transitional stages in lymph nodes are to be

found in the papers of Downey and Stasney42 (1936) and Sundberg and Downey4’

(1942.).

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/3/12/1315/573523/1315.pdf by guest on 19 M

ay 2023



1316 CYTOLOGY OF RABBIT THYMUS

The presence of these transitional stages suggests that there is some development

of lymphocytes from mesenchymatous reticulum in the thymus of normal animals.

In the sections of normal animals it was impossible to see this line of development.

However, during regeneration after irradiation of the thymus, as seen in sections

stained with methyl green and pyronin, development of lymphocytes from the fixed

tissue seems to be increased. This is probably the best stain that can be used for

study of this process. The transition from fixed cells to free lymphoid cells was

noted in several places at the periphery of the lobules near the capsule, and in the

medulla close to the larger blood vessels. Downey and Weidenreich4’ (1911) pub-

lished descriptions and colored illustrations of the development of lymphocytes

from reticulum in sections of lymph nodes stained with methyl green and pyronin.

The process is similar to what was seen in the irradiated thymus.

From the character of the intermediate cells of the imprints it seems clear that

the fixed cells involved in this process are not of epithelial origin as some authors

have assumed. Hartmann,7 better than any other author, has given an explanation

of the presence of mesenchymatous tissue in portions of the cortex and in the

medulla in the neighborhood of blood vessels. The mesenchyme which penetrates

the organ in early embryonic stages is undoubtedly the fixed tissue which is cap-

able of forming lymphocytes under certain conditions. Hartmann believed this

but she was unable to demonstrate it with the methods she used.

The presence in the imprints of reticular lymphocytes similar to those of the

nodes can be explained by the activity of the mesenchymatous tissue in the pro-

duction of lymphocytes. However, this does not account for the immature lympho-

cytes of the “blast” type similar to those of lymphatic leukemia. Naegeli5’ believed

that the lymphoblasts were not “blasts” but lymphocytes which were about to

divide by mitosis or had just completed a division. This might be an explanation

for the presence of such cells in the thymus but it does not account for their ab-

sence in lymph nodes. Mitoses were not very numerous in the normal thymus

material used in this study. Their number was increased during regeneration

following irradiation and the “blast” cells also seemed to be more numerous.

The lymphoblasts do not seem to be an intermediate stage in the development of

lymphocytes from the mesenchymatous reticulum. However, the thymus is not

very favorable material for study of this question because the lymphoblasts are so

few in number. The development of similar cells from the reticulum has been seen

in human lymphatic leukemia by Fineman4#{176} (1911) and by Stasney and Downey47

GRANULOCYTES

As noted in the introduction, many investigators have seen myelocytes in the

normal animal and human thymus. Some, like Hart,24 thought they resulted from

special conditions and so were not to be interpreted as a sign of hematopoiesis.

Others believed they were formed in the connective tissue surrounding the thymus

or were brought in by the blood. Pappenheimer’3’ 14 interpreted the eosinophil

myelocytes as specifically differentiated epithelial elements which might have a

secretory function. Hartmann7 could not find eosinophil myelocytes containing
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HAL DOWNEY 1317

only a few granules, so concluded they were developed outside the thymus, while

the heterophils were of local origin. Weidenreich39 and Weill4#{176}are among the

few who have studied the granulocytes in sufficient detail to trace their origin and

transformation to mature leukocytes,

In the imprints there are two types of granulocytes in the heterophil series, viz.,

a type similar to those of the bone marrow (figs. 1-3), and the lymphocytic type

(figs. 14-16) described by Weidenreich,39 Weill3#{176} and Tuve.48 In the youngest

promyelocytes of the bone marrow type granules are not basophilic as they often

are in the marrow. The basophil myelocytes (mast myelocytes) that were seen

(fig. 4) were of the bone marrow type and were similar to the cells of the heterophil

series (polymorphonuclears) except for the color and size of the granules. Eosino-

phil myelocytes and leukocytes were not numerous in the imprints. The nuclei of

the myelocytes were of the small lymphocyte type, as shown in figure 17 which,

however, is from a section. Imprinting does not change the morphology of these

cells to any great extent.

The cells illustrated in figures 1-4 were compared to similar cells in excellent

rabbit bone marrow smears loaned by Dr. Dorothy Sundberg of this Department.

The lymphocytic type of myelocyte (figs. 14-16) was not seen in the marrow but

cells comparable to those of figures 1-3 were numerous. However, there were some

differences in structural details between the two series. The heterophil myelocytes

of the thymus (figs. i, �) tend to spread out more and assume more irregular out-

lines than is true of the corresponding marrow myelocytes. This probably is due to

difference in the character of the tissues. Owing to the thin spreading of the cyto-

plasm the granules of the thymus cells appear larger than those of the marrow.

In many of the marrow heterophil myelocytes some of the granules are baso-

philic, or of intermediate tints between basophilic and acidophilic. In the thymus

the granules are always bright red. The only basophilic granules seen were in the

mast leukocytes and their myelocytes (fig. 4). The coarse, dark “myeloid azure”

granules of irregular shape and size which are present in many of the marrow

promyelocytes were not seen in the thymus imprints.

Nuclear structures of the myelocytes from the two tissues were quite similar.

The nuclear pattern of the earliest promyelocytes is quite diffuse. It becomes coarser

as the cells mature, as seen in figures 1-3. The nucleus of figure i shows some

chromatin blocks which are not as dense as those of the more mature cells, and it

also shows some stippling of the chromatin. In the marrow some of the promyelo-

cytes have a more leptochromatic myeloblastic type of nucleus than those of the

thymus. This may be only an apparent difference due to the greater number of

myelocytes in the marrow which facilitates the finding of the various develop-

mental stages.

The lymphocytic type of heterophil myelocyte seen in the imprints and il-

lustrated in figures 14-16 was not seen in the marrow. The granules are identical

to those of the marrow type of cell (figs. 1-3) but the nuclei are quite different,

and the cytoplasm never shows more than a trace of basophilia. The nuclei arc

identical to those of small or medium lymphocytes. Their chromatin is in dense
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1318 CYTOLOGY OF RABBIT THYMUS

blocks separated by clear interspaces and it stained very dark blue (fig. i�) or violet

as in figure 14. This difference in color probably is due to variations in the degree

of spreading of the cells and their nuclei. The nucleus may be in the center of the

cell but usually it is eccentric (figs. 14, ii). A cell of this type with a central nu-

cleus as seen in section is shown in figure 17.

In the marrow type of promyelocyte the cytoplasm is quite basophilic when the

first granules appear. In the lymphocytic type the small lymphocytes develop a

medium or wide cell body which becomes almost colorless. The first granules ap-

pear as very small pink specks in this colorless cytoplasm. A few of these cells with

the nuclei of small lymphocytes (figs. 14, 15) have a slightly basophilic area with

few granules and a colorless area in which most of the granules are concentrated

(fig. 14). Cells of this type are not very numerous. That they complete their de-

velopment is indicated by cell i6 which seems to be a metamyelocyte of this series.

Several pseudoeosinophils with this type of nucleus, and transitional stages be-

tween this and the lobulated nucleus of the mature heterophil were found in the

imprints.

In the sections most of the heterophil (polymorphonuclear) myelocytes are of

the “hemocytoblastic” type of figures 11-13. Their nuclei are identical to those of

the large basophilic lymphocytes of the sections. Their nuclear membrane is thick,

the chromatin blocks are coarse, and there is good staining of the karyoplasm.

Remnants of basophilic cytoplasm are often present (figs. II, IL), and in the

younger promyelocytes it is obvious that the granules develop in a basophilic cyto-

plasm. A few heterophil myelocytes with dark, compact nuclei corresponding to

those of figures 14 and i� of the imprints were also seen in the sections.

All transitional stages in their development from large basophilic lymphocytes

to mature cells can be found. Development of granules does not begin until the

lymphocytes have acquired more than the usual amount of basophilic cytoplasm.

Cells that are in compact groups are often in the same stage of development; thus,

there may be several metamyelocytes in one group and only myelocytes in a

neighboring group.

The distribution of these cells is quite irregular; they are numerous in some

lobules, particularly the smaller ones that project for some distance into the sur-

rounding connective tissue. Other lobules contain none. They are most numerous

in the outer portion of the cortex close to the capsule, but they can also be located

in any part of the organ. They are either scattered or in compact groups, and may

be numerous in the medulla in the neighborhood of large blood vessels and con-

nective tissue strands.

Another type of pseudoeosinophil myelocyte which usually occurs in groups of

i or 3 cells immediately under the capsule is seen occasionally. Two such cells are

shown in figure io. Their nuclear membranes are thinner and the nuclei are paler

than those of the hemocytoblastic type due to the lighter staining of the karyo-

plasm and the smaller and more diffusely distributed chromatin granules. The

cytoplasm of the younger promyelocytes with few granules is only slightly baso-

philic, as seen in the upper cell of figure io. The basophilia increases as the cells

acquire more granules (lower cell of fig. io.).
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These cells develop from the stroma under the capsule. This “reticular” stroma

is probably of mesenchymatous origin. Its nuclei have slightly thicker membranes,

more chromatin, and absence of nucleoli to distinguish them from the nuclei of the

epithelial reticulum. One such nucleus is shown on the right of figure io. The cyto-

plasm could be seen but was practically colorless so has not been included in the

figure. The nucleus of the upper myelocyte is identical to this nucleus, although

somewhat smaller. The nucleus of the lower myelocyte has more chromatin and

slightly darker karyoplasm, but it is not the lymphocytic type of nucleus of figures

11-13. It is possible that such a cell may eventually resemble the lymphocytic type.

This point could not be settled because there are so few myelocytes developing from

the fixed tissue. Some cells similar to the upper one of figure io were seen in the

medulla where there may be much mesenchymatous tissue. It is logical to assume

that they also have originated from mesenchymatous reticulum.

The rabbit is an animal that has few eosinophil leukocytes in its blood, marrow

and thymus. While the total number in the thymus seems to be small they may be

numerous in the medulla of some lobules. Their development in rabbit marrow from

myeloblasts was described by Ringoen49 (1911) who showed marked changes in

size and staining reaction of the granules as they matured. These changes in stain-

ing reaction of the granules were not seen in the imprints or sections of the thymus.

The granules are larger and not as bright red as the pseudoesinophil granules and

they are more refractile. They are often spindle shaped in the sections. Only a few

of the mononuclear eosinophils had cytoplasm that was not completely filled with

granules, which sometimes were a little smaller than those of the more mature

cells.

Small and medium lymphocytes with dark “checker-board” nuclei seem to be

the progenitors of all the eosinophils which are developed in the thymus and of

a few of the marrow eosinophils. When the nucleus becomes bibbed the chromatin

pattern remains essentially that of the small lymphocyte, although there may be

some condensation of chromatin to form the “cart-wheel” type of nucleus. Tuve48

and Weill4#{176}described two types of eosinophil myelocytes in human thymus, those

with large leptochromatic nuclei and those with the nuclei of small lymphocytes.

Only the latter type could be found in the rabbit.

Mononuclear eosinophils like the one of figure 17 often occur in groups in the

interlobular connective tissue and in the septa. The cell of figure 17 is one of a group

of five similar cells. Because of the number of these cells in the group, and because

similar cells were seen in the imprints, one cannot assume that the nucleus is

merely a section through one lobe of a bibbed nucleus, as was claimed by Schridde�

for similar cells. Single cells of the same type are found occasionally in the medulla,

and in some portions of the medulla, near large vessels and connective tissue

strands, they and mature eosinophils with bibbed nuclei are quite numerous.

Mature mast leukocytes (basophils) with lobulated nuclei and a few of their

promyelocytes and myelocytes were seen in the imprints of the thymus. They could

not be identified in the sections, probably because the rabbit mast granules are very

soluble in water. One of the promyelocytes is illustrated in figure 4. The granules

have a violet or purple color with May-Giemsa staining and they vary somewhat
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1330 CYTOLOGY OF RABBIT THYMUS

in size and shape. The nucleus of cell 4 is typical of the other basophil myelocytes

that were seen. Its structure is identical to that of the bone marrow myelocytes

whose origin could be traced to the myeloblasts. In the marrow smears examined

the cells are not spread as thin as the one of figure 4, which probably accounts for

the smaller size and darker staining of the granules of the marrow cells. Tissue

basophils are very scarce in the rabbit and none was seen in the thvmus of this

animal.

The origin of some of the granulocytes of the thymus is not clear, and comparison

of granulocytes of sections with those of the imprints is sometimes difficult.

The cells of figures i tO 3 seem to belong to one series. If one saw only cells 2. and 3

he would be inclined to believe that they were derived from lymphocytes on ac-

count of their nuclear structure. Cell i has a more immature nucleus with some

stippling of the chromatin and some rather pale chromatin blocks which are com-

posed of small chromatin granules. A nucleus of this type could have originated

from a reticular nucleus, like that of figure 7, or from the nuclei of immature

lymphocytes (figs. 8, �) which in turn may have been derived from the mesenchy-

matous reticulum. Cells 2. and 3 show that the nucleus acquires a coarser structure

as the cells mature. This corresponds to the maturation of similar cells in the mar-

row and so does not necessarily mean that the cells have been derived from lympho-

cytes.

In myeboid metaplasia lymphocytes may change the structure of their nuclei

to the type that is characteristic of the myeloblast before the cells develop granules.

This dedifferentiation of the cells was noted especially by Dominici’1 (192.1 and

earlier) and by Maximow2 (192.3). Dominici” studied experimental myeloid meta-

plasia of the spleen and noted that some of the lymphocytes passed through a

“myeloid” stage during their evolution to the granulocyte while others did not.

In the myeloid type of evolution the lymphocytes assume the character of myebo-

blasts with pale nuclei and little chromatin. In the lymphatic type of evolution

lymphocytes of any type acquire granules without any further changes in nucleus

and cytoplasm. In both cases the cells enlarge before producting granules, but in

the myeloid type the nucleus enlarges more than the cytoplasm, so that the cyto-

plasm becomes relatively narrow and very basophilic. The lymphatic type of

evolution is the more common one in the normal animal.

Maximow2 (1913) saw myeloid metaplasia in cultures of rabbit lymph node to

which cell free bone marrow extract had been added. All of the granulocytes

developed from lymphocytes. In some instances the lymphocytes acquired large

pale nuclei before developing granules, in others the lymphocytes were practically

unchanged when they developed their granules. These observations are identical

to those of Dominici” in the mammalian spleen.

The “dedifferentiation” of lymphocytes which may occur before they develop

granules makes it difficult to determine in all cases the origin of cells such as those

illustrated in figures I and 4, especially in the thymus in which the myeloid trans-

formation is not very active in the normal state.

Figures 14 and i� illustrate another type of heterophil myebocyte seen especially
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well in the imprints. Their nuclei have the structure of the small or medium lymph-

ocyte; the intermediate stages in their development from lymphocytes were seen

and have been described. In the sections most of the heterophils, like those of

figures ii to 13, are derived from large basophilic lymphocytes. It is possible,

however, that cells 12. and 13 of the sections correspond to cells 14 and i� of an

imprint, although there seems to be too much condensed chromatin in cell 15 for

the nucleus of a large lymphocyte.

The heterophils of figure io which have originated from the fixed mesenchy-

matous reticulum have nuclei which suggest that these cells correspond to cells

of figures i and 2. of the imprints. In the imprints the mesenchymatous tissue has

nuclei similar to the one of figure 7; in sections they appear as in the right-hand

nucleus of figure io.

REGENERATION OF LYMPHOCYTES AFTER IRRADIATION

From the character of some of the immature lymphocytes in the normal thymus

one would suspect that there was some development of lymphocytes from the

mesenchymatous tissue. However, all the transitional stages could not be traced

in either sections or imprints. Several fields were located similar to the one shown

in figure io in which granulocytes were developing from the fixed mesenchymatous

tissue, but a similar origin for lymphocytes was not seen in the normal animal.

This proves that regeneration of lymphocytes in the normal thymus is homoplastic,

although it seems likely that a few are derived from the mesenchymatous portion

of the stroma.

The picture is very different during the active phase of regeneration following

irradiation. In this material many clear cut instances were seen of the development

of lymphocytes from the mesenchymatous reticulum. Sections of thymus fixed in

Helly’s fluid, stained with methyl green and pyronin, and dehydrated with dioxan

were especially good for this problem.

The animal used for detailed study was 4 or � months old. It was irradiated with

a dosage of �oo r.u. and killed six days later. Thanks for this are due Dr. Harry W.

Mixer of our Department of Radiology. Only the region of the thymus was irradi-

ated. The dosage was probably sufficient to eliminate most of the lymphocytes

from the organ.

Sections showed that recovery was not complete and that regeneration of lym-

phocytes was still in active progress. Mitoses were numerous. Although this was

a late stage of regeneration the material was very favorable for study of the local

origin of some of the lymphocytes.

The imprints from this animal contained many more large lymphocytes with

immature nuclei, similar to those of figures 8 and 9, than were observed in the nor-

mal animal of this same age or in the thymuses of the newborn animals. Many of

the nuclei were of the “blast” type; a few suggested origin from nuclei of mesen-

chymatous reticulum. The increased number of lymphoblasts might be accounted

for by the numerous mitoses.

In the sections the boundary between cortex and medulla was not very sharp
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1332. CYTOLOGY OF RABBIT THYMUS

and often could not be determined. The cortex of most lobules was very narrow and

its outer portion was very dense with closely packed lymphocytes, many of which

were of the large variety. Mitoses were especially numerous in this region, and it

was here that transitional stages between fixed tissue cells and lymphocytes were

most numerous. The intermediate stages were similar to those of figure io except

that the lymphocytes did not develop granules. Sections of this same material

stained with Dominici showed that no new myebocytes were being formed and

that those present were degenerating. Comparison with normal material leads to

the conclusion that exposure to x-rays reduces or suppresses the local production

of granulocytes.

Not all of the fixed tissue of the subcapsular region is of mesenchymatous origin,

and it is only in a few limited areas that one can see the development of lympho-

cytes from the fixed tissue the characteristics of which have already been described.

Islands of epithelial reticulum show no signs of activity, and this is also true of

the compressed epithelium between the numerous lymphocytes of the peripheral

cortex.

The lymphocytes originating from the mesenchyme are mostly large and they

soon develop very basophilic cytoplasm. Their nuclei may still have the structure

of the mesenchymatous nuclei and have very little chromatin. The cell outline

usually is quite irregular but tends to become more rounded as the cytoplasm in-

creases in amount and density.

Small and medium lymphocytes which have been formed in the outer portion of

the cortex are crowded towards the medulla in dense strands between the radially

arranged blood vessels. In the outer portions of the medulla of some lobules

these strands may spread out to form irregularly shaped masses of densely packed

lymphocytes. Similar dense groups of small lymphocytes may also occur deep in

the medulla and in the cortex. They may also form dense collars about some of the

blood vessels. This distribution of lymphocytes was also noted by Christensen

and Griffith52 during accidental involution and early regeneration in rats.

Lymph vessels which usually accompany the larger blood vessels are often

packed solidly with small and medium lymphocytes. Rudberg25 thought this

meant that during regeneration many of the lymphocytes immigrated through the

lymph vessels, possibly from neighboring mediastinal lymph nodes which regener-

ate faster than the thymus. Both he and Hart24 stated that the number of mitoses

would not account for the rapid production of lymphocytes. Rudberg, although he

worked with many x-rayed animals, could not see any evidence for migration of

lymphocytes from the lymph vessels to the surrounding thymus tissue, and this is

also true of the material being described in the present study.

The development of lymphocytes from the fixed tissue also occurs in the medulla

in regions containing abundant connective tissue, large blood vessels, and often

Hassall’s corpuscles. Here it is again evident that the epithelial tissue which

forms the corpuscles of Hassall is in no way associated with the production of

lymphocytes.

The relative number of large lymphocytes is not as great in the medulla as in the
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peripheral cortex. The lymphocytes developing from the fixed tissue are mostly

of medium size and they originate from smaller mesenchymatous cells, with smaller

nuclei than those of the cortex.

The other irradiated rabbit was an old animal in which the thymus was in an

advanced stage of involution. The region of the thymus was exposed for a dosage

of 400 r.u. and the animal was killed 8 days later.

The regeneration of lymphocytes is not as extensive as in the younger animal

though the time interval between irradiation and death was two days longer.

There is marked hyperplasia of the epithelium which forms wide marginal bands

in some places and large islands in others. The latter usually extend to the surface

but may be central. These epithelial marginal bands and islands which form during

the involution of the thymus were described in detail by Bienert (192.3)53

Most of the lymphocytes are concentrated in dense masses which usually have a

central location but may be more peripheral and extend to the outer margin of the

long narrow organ. It is difficult to see any reticulum in these regions. Epithelium

of the islands and marginal bands forms a dense nucleated mass without cell

outlines.

There are a few scattered lymphocytes and small groups of them in the epithe-

hum. It was impossible to detect any mesenchyme associated with the epithehium

which could give rise to lymphocytes. Large blood vessels are surrounded by con-

nective tissue. Development of lymphocytes from this tissue could not be de-

tected. A few lymph vessels are filled with lymphocytes, and this may be the chief

source of the new lymphocytes, as there is no evidence for their formation from

local fixed tissue in this animal.

Rudberg25 states that after intense radiation which destroys all the lymphocytes

the first ones to reappear enter the central portion of the organ where they pro-

liferate and are later distributed to the cortex. Conditions in this animal seem to

support Rudberg’s conclusion. It is possible that in the older animals the mesen-

chymatous tissue, if present, is no longer capable of producing lymphocytes. More

extensive material would be required to settle this point. In the young irradiated

animal there is good evidence for the active production of lymphocytes in the

cortex by mitosis and by heteroplastic development from the mesenchymatous

reticulum.

Irradiation does not cause myeboid metaplasia of the thymus as does accidental

involution from infections as described by Ssyssojew2#{176} in the thymus of children.

No myebocytes were seen in the thymus of the younger irradiated animal, and only

one small group of heterophil myelocytes was located in the older animal. Two

myelocytes of hematogenous mast cells with large nuclei were seen, and tissue mast

cells with small lymphocytic nuclei were fairly numerous in the older rabbit. A

few plasma cells and plasma mast cells were also seen. There were no tissue mast

cells in the thymus of the younger animal.

There were many cells which appeared to be macrophages in the sections of the

older irradiated animal. They contained flakey, granular material which stained

pale blue or green with the toluidin blue of Dominici’s stain and light pink or
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yellow with hematoxylin and eosin. The nuclei were eccentric, and in general

appearance the cells were similar to the macrophages of subcutaneous tissue after

colloidal dye injection. The included material resembles the endogenous granular

substance derived from mitochrondria described and illustrated by Tschassowni-

kow36 in fixed and free reticular cells of cultures of rabbit thymus. He found the

epithehial cells of the cultures to be only slightly phagocytic. The granular cells of

my preparations did not contain intact lymphocytes or their nuclei.

Some of the nuclei of the granular cells were of the histiocytic or lymphocytic

type, but many had nuclei similar to those of the epithelial cells, including even

the spherical nucleoli and nuclear grooves. The nuclear membrane often had many

wrinkles. Some of the fixed epithelial cells also contained the same granular sub-

stance. The macrophages (?), therefore, seem to be of multiple origin, from lym-

phocytes, from mesenchymatous reticulum, and from the epithelial reticulum.

It is very likely, however, that the technique employed did not permit distinction

between true macrophages and epithelial cells. Tschassonikow3#{176} (1917) could not

make the distinction in sections of rabbit thymus, but when he added lithium car-

mine to his cultures he observed the migration of dye-storing macrophages from the

explant. The epithehium of his cultures did not store the dye.

The epithehial origin of macrophages of the thymus was claimed by many

authors, among whom may be mentioned Rudberg,25 Pappenheimer,’3’ i4 Hart,24

Wass#{233}n,54Ssyssojew,2#{176} Wituschinski,27 and Marine.28

Popoff (1916,22 192.823) never saw any macrophages or dye-storing cells develop-

ing from the epithelium of cultures and transplants. He derived all the carmine

cells from embryonic mesenchyme about the blood vessels. He did not see an in-

timate mixing of mesenchymatous and epithelial tissues, but believed that the

perivascular connective tissue would assume embryonic characters where it came

in contact with epithelium. This is contrary to Wassen54 (1915) who did not see

macrophages growing out from the perivascular tissue of cultures of frog thymus,

but did see their development from epithelium. The epithelium does not form

macrophages or phagocytize degenerating lymphocytes according to Christensen

and Griflith52 who obtained rapid involution in rats fed choline-deficient diets.

Tschassonikow,3#{176} from his work with cultures, concluded that the reticulumis

composed of connective tissue elements and epithehium so intimately blended that

they cannot be distinguished except when conditions are unusual, as during in-

volution and in cultures, when the elements may separate and each differentiate

in its own particular direction.

Wituschinski27 (1916) claimed that histiocytes and macrophages which gather

about a foreign body introduced in the thymus are derived from adventitial and

other connective tissue cells, and from cells of the endodermal reticulum. He also

claimed that ‘hemocytoblasts” which resemble large lymphocytes are derived

from the endodermal reticulum under these conditions. The numerous granulocytes

which develop around the foreign body he derived from the hemocytoblasts and

adventitial cells of neighboring capillaries. He did not believe that lymphocytes

could be derived from the epithelial reticulum.
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In the material studied by the writer nothing was seen which would indicate

origin of hemocytoblasts or other lymphoid cells from the epithelial reticulum.

However, the material does show that the epithelial cells may become free rounded

cells, some of which assume the form of unicellular Hassall’s corpuscles, while

others transform to macrophages, or at least to cells which resemble them very

closely.

HUMAN THYMUS

Some human material became available during the course of this investigation.

It was provided by Dr. Robert W. Collett, who performed the autopsies on in-

fants and children who died in Minneapolis hospitals. The imprints made by Dr.

Collett were studied by the writer. Sections were not available at the time this

study was made. All of the material shows some postmortem change and was not

good enough for detailed study of lymphocyte nuclei. However, it could be seen

that the lymphocytes were practically identical to those of the rabbit except that

the cytoplasm of the larger cells was not as basophilic. It was noted that the

largest lymphocytes did not equal the largest ones of human lymph nodes, and that

the thymocytes usually had less cytoplasm than the lymphocytes of lymph nodes.

There were some lymphocytes with leptochromatic nuclei but because of the

postmortem changes one could not be certain that they were true “blast” forms.

Cells from the mesenchymatous reticulum, similar to figure 7 from rabbit, could

not be identified. Cells from the epithehial reticulum, however, were quite numer-

ous in some cases, especially in a 2. year old male who died of influenza meningitis,

in a io weeks premature that lived 2.1 days, and in a � months aborted fetus which

lived for 3 hours.

Several groups of 4 tO 8 attached epithehial cells were seen; they were most

numerous in the premature infant. Most of the epithehial cells, very numerous in

the 2. year old child, occurred as single round, irregular or elongated cells. The

round cells generally had smooth surfaces, while the margins of the elongated or

irregular cells were often serrated or spiked. The nuclei were elliptical in the

groups of attached cells and round in most of the free cells.

The nuclear membrane of all the epithelial cells was very thin. Many of these

cells had i or 2. pale blue spherical nucleoli. In the largest epithehial cells the nuclei

were very pale and had little chromatin which was widely dispersed in the form of

fine strands and granules. The nuclei of all of the smaller cells had about the same

structure; they were darker due to condensation of chromatin in dense short rods

and irregular small masses with a considerable amount of pale pink parachromatin

between them. The cytoplasm was opaque and nearly homogeneous. It was colored

dark gray which often had a pale pink cast with May-Giemsa staining. In some

cells it contained some blue flakes which appeared to be similar to the material

included in the macrophage-hike cells of the older irradiated rabbit. This substance

was not abundant in any of the human cells, nuclei were not eccentric, and the

cells did not resemble macrophages as they did in the rabbit.

The epithehial cells resist portmortem changes much better than the lymphocytes,
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1336 CYTOLOGY OF RABBIT THYMUS

for all showed perfect preservation. Their nuclei and cytoplasm are SO character-

istic and specific that there was never any difficulty in identifying them. Only a

few of these cells had the nuclear grooves that seemed rather characteristic of the

rabbit epithehial cells. Many nucleoli were seen in the imprints, but in the rabbit

they were seen only in the sections. The nuclei of the human cells are coarser and

darker than those of the rabbit. The cytoplasm shows about the same structureand

staining reaction in both.

All three types of myelocytes were seen in the human material. They were most

numerous in the fetus and least numerous in the 2. year old child that died of

meningitis. Most of the eosinophih myelocytes were of the bone marrow type and

many had both basophihic and acidophihic granules in the same cell. This differ-

ence in staining reaction was also seen in some of the neutrophil myelocytes. These

variations in staining were not seen in the rabbit thymus but were noted in the

marrow. A few human eosinophils had small, dark lymphocytic nuclei. There

were no basophihic granules in these cells. Most of the eosinophils of the rabbit

were of this type.

Some macrophages with lymphocytic nuclei were seen in the thymus of the pre-

mature infant, and in a stillborn that died i.�- hours before birth from toxemia.

Some material that seems to have been phagocytized was included in epithelial

cells of the latter case.

Although the human material was obtained at autopsy done several hours after

death much of it was sufficiently well preserved to show great similarity between

the human and rabbit thymus. There are some differences in details, as in the mi-

nute structure of the epithelial cells, the presence of basophilic granules in many

of the human eosinophil and neutrophil thymic myelocytes, and the absence from

the human thymus of lymphocytic neutrophil myelocytes similar to the pseudo-

eosinophils of figures 14 and i� from the rabbit.

Whether the human thymus also has immature lymphocytes of the “blast”

type could not be answered from this material. There is no explanation for the

absence of mesenchymatous elements like the one illustrated in figure 7. Study of

more favorable material will be necessary to determine whether the human reticu-

lum contains less mesenchyme than that of the rabbit, or whether there is some

other reason for its absence from the imprints.

DISCUSSION AND CONCLUSIONS

It has been shown that in the normal rabbit the thymus reticulum consists largely

of epithehial elements. A small amount of mesenchymatous tissue is blended with

this epithelial reticulum, but the cells of the two types of reticulum, which differ

in embryological origin, retain characteristic morphological differences in the

adult rabbit. The two types of reticular cells can be demonstrated in both sections

and imprints. This is contrary to the opinion of others who, from the presence of

fibers, from embryological studies, or tissue cultures of the thymus (Mietens,3’

Jolly,2’ Hartmann,7 Tschassonikow36) concluded that the thymus stroma must

include some mesenchymatous elements, although they could not see them in
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HAL DOWNEY 1337

histological preparations. The mesenchymatous elements are identical in structure

and functional potencies to the reticulum of the other lymphoid organs. This tissue

is not confined exclusively to perivascular regions, as Popoff22’ 23 seems to think it

is, although it is more abundant in these locations, especially in the medulla.

The present study has shown that lymphocytes and granulocytes may develop

from the mesenchymatous reticulum, although this type of heteroplastic develop-

ment is not very active in the normal thymus and is difficult to demonstrate for

lymphocytes. During active regeneration following irradiation of the thymus of a

young animal many examples of the heteroplastic development of lymphocytes

were seen. Some macrophages are also formed from free cells of this tissue.

The epithehium does not form lymphocytes or granulocytes. Some authors who

believed that thymocytes (lymphocytes) were derived from the epithelium prob-

ably saw transitional stages between the mesenchymatous reticulum and lympho-

cytes. This is especially true of Prenant,’9 who stated that mitosis in endodermal

reticulum results in the formation of lymphoblasts with clear nuclei which divide

and form lymphocytes.

Free rounded or irregular-shaped cells are liberated from the epithehium. These

were especially numerous in some of the human material where they retained all

their specific epithehial characteristics. In the irradiated older rabbit some of them

assumed the form of unicellular Hassall’s corpuscles, and others appeared to be

macrophages which retained some of the nuclear characters of the epithelial cells.

Most students of the thymus problem agree with Rudberg,25 Ssyssojew,26

Wituschinski,27 Marine,28 and others that the epithehium can form macrophages

which phagocytize degenerating lymphocytes during pathologic involution and

inflammation of the organ. However, Popoff22’ 23 and Tschassownikow,36 working

with transplants and cultures, concluded that dye-storing macrophages are derived

from mesenchymatous elements only. It does not seem likely that epithelial macro-

phages which will phagocytize lymphocytes would not also store lithium carmine.

It is generally agreed that the fixed epithehial cells, and the free ones which have

not transformed to macrophages, will not store the dye.

The thymocytes are true lymphocytes of various sizes and nuclear structure

corresponding to those of the lymph nodes. However, the rabbit thymus contains a

few large lymphocytes with very immature nuclei (fig. 8) which resemble those of

the rabbit myeloblast and lymphoblast of human lymphatic leukemia. According

to Sundberg and Downey4’ these are not present in the rabbit lymph nodes. The

thymus contains only a few transitional stages between mesenchymatous reticulum

and large lymphocytes. These are numerous in lymph nodes and they are usually

large cells, larger than any that occur in the thymus. The absence of the largest

lymphocytes from the thymus, therefore, seems due to reduced heteroplastic de-

velopment of lymphocytes in the normal thymus as compared to lymph nodes.

The small, medium and smaller large lymphocytes are identical to the correspond-

ing forms of the nodes. The smallest lymphocytes with very dark nuclei with

coarse chromatin blocks and little or no cytoplasm are more numerous in thymus

than in node. Scanty cytoplasm is rather characteristic of the thymus lymphocytes
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1338 CYTOLOGY OF RABBIT THYMUS

which seems to support the view of Dustin’#{176} that the nuclei are of chief importance

for the function of the thymocytes.

The thymic lymphocytes of different types can develop to granulocytes, and they

do this in the normal rabbit and human thymus. They also differentiate to plasma

cells and tissue mast cells. There were no basophilic granules in any of the hetero-

phil or eosinophil myelocytes of the rabbit thymus. These dark granules are a

conspicuous feature of these cells in the rabbit marrow, and they also occur in the

corresponding cells of the imprints of human thymus, where most of the eosino-

phils are of the marrow type. In the rabbit thymus all the eosinophils seem to

develop from small and medium lymphocytes with dark nuclei, and their granules

are acidophilic when they first appear. Some of the rabbit granulocytes develop

from the local mesenchyme (fig. io) and this may be the origin of the marrow type

of heterophil and basophil (figs. i and 4). Heterophils, like those of figures 14 and

i�, could not be located in the rabbit marrow or the human thymus. They are

fairly numerous in the rabbit thymus.

Study of regeneration of lymphocytes six days after irradiation of the thymus of

a young adult rabbit showed that some of the lymphocytes are derived from the

local mesenchyme under the capsule and in the medulla. The intermediate stages

in the process could be traced. Many lymphocytes seem to enter the organ through

the lymph vessels that accompany the larger blood vessels. Radiation seems to

interfere with the development of myelocytes in the thymus, as none was found

in the younger animal and only a few in the older one. Irradiation was also re-

sponsible for the production of many macrophage-like cells in the older animal.

Many of these originated from the epithelium, but some had lymphocytic nuclei

and others resembled the tissue type of marophage. The fixed epithelium contained

some included material that seemed to have been phagocytized. This gives some

support to those who derive true macrophages from the thymic epithelium.

The development of lymphocytes from mesenchymatous tissue could not be

detected in the older animal. This may be because regeneration of lymphocytes

was not very active in this animal. Some tissue mast cells were seen in the thymus

of this animal while in the younger animal the basophils were of the hematog-

enous type.

Mesenchymatous reticular cells could not be detected in imprints of human

thymus. Cells of the epithelial reticulum are fairly numerous. They appear in

attached groups or as single round or irregular-shaped cells. The nuclei of all these

cells are of similar structure which is characteristic of the epithelial cells. Some of

the nuclei have a surface groove and most have spherical nucleoli.

All three types of promyelocytes and myelocytes are present in the imprints of

human thymus. They are similar to those of bone marrow with the exception of

some of the eosinophils which develop from small lymphocytes.

The mature lymphocytes are similar to those of the rabbit, and, as in the rabbit,

the largest lymphocytes of nodes do not seem to occur in the human thymus. The

material was not adequate for determining whether the human thymus also has

lymphoblasts or reticular lymphocytes.
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SUMMARY

Thymocytes are genuine lymphocytes. The largest lymphocytes of lymph nodes

do not occur in the thymus; the smallest ones with pacychromatic nuclei and scanty

cytoplasm are more numerous in the thymus. Some lymphoblasts similar to myelo-

blasts occur in the rabbit thymus.

All three types of granulocytes develop from lymphocytes and to some extent

from the mesenchymatous reticulum in the rabbit. In the rabbit the heterophil and

eosinophil granules are acidophilic when first formed, while in the human thymus

many have a basophilic quota as in the marrow. The reticulum is largely of epi-

thelial origin and retains its epithelial characteristics in cytoplasm and nucleus.

In the rabbit some mesenchymatous tissue is blended with the reticulum and may

give origin to lymphocytes and granulocytes. The epithelium may form macro-

phages but does not differentiate to lymphocytes and other types of cells. In im-

prints from the rabbit the epithelial cells usually can be distinguished from those

of the mesenchymatous reticulum. During regeneration following irradiation the

latter tissue can be seen to form some lymphocytes locally; other lymphocytes enter

the organ through the lymph vessels.

Imprints stained with May-Grunwald and Giemsa are of great value for detailed

cytology of the thymus and for determining cell relationships. Sections of thymus

fixed in Helly’s fluid, stained with methyl green and pyronin and dehydrated in

dioxan are excellent for lymphocytes and the transitional stages resulting from

their development from fixed mesenchymatous tissue during regeneration of the

organ following exposure to x-rays.

ADDENDUM

Since this paper was written and sent to the editor an important paper on “Pure

cultures of rabbit thymus epithelium,” by R. G. Murray, has been published (Am.

J. Anat. 8z: 369, 1947). By cutting away the main part of the explant and leaving

only an epithelial outgrowth, Murray was able to obtain a pure culture of the

epithelium. It was found that this epithelium grows like that from other sources.

At times it grew like connective tissue, although mesenchymatous tissue could be

excluded in this case. “Pinocytosis” and possibly phagocytosis are characteristics

not common to other epithelia. True macrophages, however, were not formed from

the thymus epithelium. Evidence was not obtained for an epithelial origin of the

rather numerous macrophages seen in the early and late cultures.
The thymocytes behaved like true lymphocytes and some of them developed to

myelocytes with lymphocytic type of nucleus.

In two instances, mitoses of epithelial cells resulted in the formation of one

daughter cell resembling a thymocyte, while the other one retained the epithelial

character of the parent cell. This is the only evidence obtained from the cultures

in favor of a possible origin of thymocytes from the epithelium.

In another recent paper, R. N. Baillif (Anat. Rec. ioo: i6, 1948), concludes that

in the involuting rat thymus, after injections of colloidal chlorazol black E and
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1340 CYTOLOGY OF RABBIT THYMU5

mercuric sulfide, the epithelium differentiates directly to thymocytes and to

macrophages which ingest the injected material. Most of the new lymphocytes

produced during regeneration arise through transformation of epithelial cells.

It is possible that these conclusions can be explained by failure to distinguish

between the epithelial and mesenchymatous portions of the thymus stroma.
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