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To the EdItor:

Cells Involved in Hypersensitivity
and Immunity

The concepts proposed by Drs. Dameshek

and Berman in the February issue of
BLOOD�’7 do not include all the cell types

known to respond to antigen, or the mecha-

nism which induces the cellular differentia-

tion leading to delayed hypersensitivity and

immunity. It is certainly commendable to

apply names which are “symbolic descrip-

tions” of the cells, as Dr. Dameshek sug-

gests, but unfortunately unless the names

are properly applied, they could carry the
stigma of preconceived concepts which

could be misleading or even incorrect. I

think it is important to have a clear under-

standing of the contribution of each cell type

before applying a functional name to a

particular cell.
The use of the terms “immunologically

competent cells,” “immunoblasts” and “im-

munocytes” implies that antigen stimulates

specific cells to proliferate, differentiate and

finally synthesize antibody. There are cer-

tainly data in the literature to support this

concept5’8’11’15.22’40 and it has even been

suggested that antigen may cause a specific

heritable modification of DNA in certain

cells.23 On the other hand, if the action of
antigen upon specific cells does not initiate

proliferation of these cells to form daughter

cells capable of antibody formation, then

we would find ourselves in a terminological

strait jacket, as Dr. Berman suggests.

Lymphocytes and reticuloendothelial cells

are certainly involved in the cellular reac-

tions to antigen. However, they must share

with the granulocytes from the bone mar-
row, the function of its neutralization and

removal. Although the granulocytic cells

are phagocytic, they are much more impres-

sive for their capacity to bring into an in-

flammatory area very highly specialized cy-

topiasmic structures along with various

proteolytic and other enzymatic systems.

They are “end cells” and cease to exist as

structural entities soon after appearing in

the inflammatory exudate.20.26’29 Lympho-

cytes, on the other hand, are composed of

only the simplest of cytoplasmic structures,

with a relatively large proportion of nu-

clear material. They appear to be cap-

able of transformation into active macro-

phages20.24’30’33’37 which can undergo cell

division.28

Recent experiments reported by Sterzl36

indicate that near maximum antibody re-

sponse to antigen can be obtained in ani-

mals treated with antimitotic agents. It

would thus appear that mitotic activity may
not be essential for antibody production.

Furthermore, there is a great deal of evi-

dence indicating that antigen produces in-

jury, agglutination and necrosis when it

acts upon sensitized cells.10.12”4 I 7.19,38.39

Data have also been obtained in our labora-

tory indicating that cells which are direct-

ly acted upon by antigen do not undergo

division or transformation into antibody-

producing cells.31’33 Instead, they appear

to be hyperreactive or hypersensitive and

will become swollen, highly vacuolated, and

disintegrate. The disruption of these cells

appears to be the trigger mechanism which

stimulates local cellular responses resulting

in cellular differentiation and antibody

formation.34’3� The cells which initiate

these reactions are certainly not “competent”
nor are they “blast” cells. They appear to

be “information-carrying cells” and if they

were so named, more effort might be made

to determine just what the information is,
how it is packaged and how it is passed

from cell to cell.

The development of radioactive isotopes
coupled with autoradiographic technics have

facilitated studies to localize antigenic mate-

rial in cells at various times after injection.

With these procedures it has been possible

to correlate the presence of antigenic mate-

rial with tile morphologic and physiologic

changes which occur in cells.1.6’21’31’32.34 If

one examines the early stages of inflamma-

tion, the neutrophils can be seen to contain
radioactive material within minutes after
injection. However, within a few hours both
the radioactive material and the neutrophils

are engulfed within small mononuclear
cells. These macrophages increase in size

and become filled with phagocytized mate-
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Fig. 1.-Cellular reactions leading to lymphocytopoiesis and plasmacytopoiesis

(a concept based upon a study of inflammatory cells). The presence of antigen in

the tissues produces an inflammatory response which varies quantitatively depending upon

previous exposure of tile animal to that antigen. During the early stages, the antigen is

engulfed primarily l)y neutrophils. Later necrotic neutropllils, as well as antigen, are

engulfed by activated lymphocytemacrophage cells. As the inflammation subsides, these

cells are stimulated to undergo I)NA synthesis and to divide and form medium and small

lymphocytes. Some of the mononuclear cells taking part in the inflammatory reaction are

specifically injured by the antigen. These cells become highly swollen and form numerous

vesicles. Eosinophils are attracted to these injured cells, penetrating their plasma illemi)rafleS

and causing a disruption of tlleir cytoplasm. Later, macropllages engulf the cellular frag-

ments with adherent antigen as well as the eosinopllils associated with these fragments.

Tile macrophages then cease their phagocytic activity and undergo morphologic transfonna-

tion into antibody-producing cells. Following antibody production, these cells appear to

become hypersensitive to antigen. With each re-exposure to the specific antigen, tllere is

an increase in the number of hypersensitive cells taking part in the reaction, an increase in

the eosinophil response and an increase in the nhiillber of macrophages which transform

into antibody-producing cells.

rial wllile the remaining neutrophils in the

exudate appear to become less active. Eosin-

ophils are also present, hut these cells

seldonl phagocytize antigenic material di-

rectly. Instead, they appear to be attracted

to cells injured by antigen and after con-

tacting these injured cells will then often

contain antigenic material. Like the neutro-

phils, the eosmopllils are eventually en-

gulfed l)y tile macrophages.26’27’29’�2

As the inflammation subsides, the anti-

genically derived radioactive material is

found only in mononuclear cells. These cells

vary in morphologic appearance from small

lymphocytes to large pyroninophilic cells,

and include macropllages, transitional cells

and plasma cells. The radioactivity appears

to he closely associated with RNA as de-

termined by extraction procedures3.4.� and

histologic staining.33 It can be detected
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in cells for many months after injec-

tion,3.6.9.21.34 not only at the site of in-

flammation but in the draining lymph nodes,

spleen, bone marrow and even occasionally

in the thymus.31’33

If the animals are reinjected with non-
radioactive antigen, labeled cells again ap-

pear in the inflammatory exudate.32’34’35

They appear to be hypersensitive, and be-

come swollen, highly vacuolated, and release

biologically active materials which, amongst

other things, attract eosinophils and lympho-

cytes, forming cellular rosettes. Observa-

tions of these rosettes under phase micro-

scopy have enabled us to photographically

record eosinophils penetrating into vacuo-

lated cells, producing complete disruption

of their cytoplasm.29 Later, fragments of

the disrupted cells, along witll antigen and

necrotic eosinophils, are commonly found in

macrophages. These macrophages become
highly basophilic, and transitional changes

leading to the formation of immature plasma

cells are observed as serum antibody titers

increase.25262733

The macrophages therefore obtain anti-

genie material by one or more of the fol-

lowing means:

(1) Direct phagocytosis or pinocytosis.

(2) Phagocytosis of neutrophils which
had previously engulfed the antigen.

(3) Phagocytosis of eosinophils contain-
ing some antigen or antigenic components

apparently obtained from injured or necrotic

cells.

(4) Phagocytosis of fragments of dis-

rupted cells containing the antigen.

(5) Mitosis of parent cells containing

antigen.

It would seem reasonable to assume that

the fate of the antigen and the subsequent

physiologic activity of the macrophages

could be determined in large measure by

the manner in which antigen was obtained.
The passage of antigenic material from cell

to cell by fragmentation and phagocytosis

could be an important mechanism. It is

quite possible that the morphologic appear-

ance and the physiologic activity of tile

macrophages could be markedly altered by

enzymes which were originally contained

in the engulfed neutrophils and eosinophils.

It has been suggested tllat tile presence of

eosinophils in macrophages could result in

a stimulation of RNA synthesis associated

with the antigen.3233

Antigenic material persists in certain cells
for long periods after the inflamnlaton sub-

sides. These “information-carrying cells” are

capable of migrating from one part of tile

body to another. They appear to be hyper-

sensitive and become fragmented when re-

exposed to the antigen. The cellular frag-

ments are engulfed and acted upon by en-

zymes contained in macrophages. Break-

down of antigen occurs, presumably releas-

ing associated RNA and other cellular mate-

rial. Experimentally, it has been possible

to induce specific protein formation by in-

cubating cells in RNA,18 and Mannick and

Egdahll6 have even succeeded in inducing

transplantation immunity in normal lymph

node cells by exposing them to RNA ex-

tracted from immune cells. It would seem

reasonable to suggest that the RNA carried

by fragments of hypersensitive cells could

be the trigger mechanism leading to the

transformation of uncommitted macrophages

into antibody-producing cells.

In summary, the action of antigen may

involve granulocytes as well as non-granular

cells, producing first a state of hypersensi-

tivity and then a transformation of macro-

phages into antibody-producing cells. This

concept is not in conflict with the view that

lymphocytes can give rise to large “blast”

cells, which can divide producing cells cap-

able of antibody production. However, it

does strongly suggest that cell division after

exposure to antigen is a coincidental rather

than an essential step in the production of

antibody. It is here that the numerous

theories of antibody formation will stand or

fall.
ROBERT S. SPEIRS, M.D.

Career Scientist of the Health

Research Council of the City

of New York, and

Associate Professor of Anatomy

Downstate Medical Center

Brooklyn, N. Y.
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