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Evidence of a lineage shift between natural (NK) Ker cells and T lym-
phocytes in the spleen and blood of neonatally thyaectomized, young
adult C3H mice.
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Abstract

The present study was designed to assess the influe of neonatal thymectomy on the pro-
portions of natural killer (NK) lymphocytes and other (non-NK) lymphocytes in the spleen
and blood of young adult mice.The progenitors (praarsors) of both the T lymphocyte and
NK cell lineages are located in the bone marrow, thorgan of new cell production for both
these lineages and where they both derive from a-potential stem cell. Newborn C3H mice
were thymectomized when they were 8 — 12 hr old gy process in standard use in our labo-
ratory. Control infant mice, identical in every way, were sham thymectomized. When thy-
mectomized and control mice reached 8 wk of age,alr spleens and blood were prepared by
our well-established methods. Smears of both orgarwere analyzed for their proportions of
NK cells and other (non-NK) lymphocytes. The resu#t showed that in thymectomized mice,
spleen and blood had significantly increased proportions of NK cells, vs sham-
thymectomized controls, while the other (non-NK) Iymphocytes in both the spleen and blood
were significantly decreased in thymectomized micevs control. Moreover, the actual per-
centage decrease in this group of other (non-NK) lgphocytes in the thymectomized animals
was almost precisely the same as the percentagerga NK cells in both organs.We inter-
pret these findings as evidence suggesting thattine absence of a thymus which would nor-
mally convert progenitor T cells into mature functional T lymphocytes, these progenitors
which are products of the bi-potential T/NK stem c#, come under the influence of NK cell-
stimulating factors, thus causing the shift towardthe NK cell lineage in the 2 peripheral or-
gans, i.e., the spleen and the blood.
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potential, and which, in the presence of the apatgin
vivo stimulatory factors, gives rise subsequently thegi

Introduction

It has been known for decades, and proven in hdsdré
publications, that the hemopoietic system consgts
many different cell types that vary in quantity tential
for differentiation, capacity for proliferation aratquity
of function. Bone marrow based, multipotential hpwie
etic stem cells (HSC) have high self-renewal capauid
can ultimately give rise to all the cell lineagéswlating
in the blood, including the cells of the immune teys.

the T lymphocyte lineage or the NK cell lineage [2]

Cytolytic cells closely resembling NK cells haveehea
part of innate immunity in non-botanical life fornfier
approximately 500 million years [3], while T and\n-
phocytes arose much more recently in evolution. [6hg
evolutionary conservation of the NK cell lineagditates
that it has been critical for host defense and riiahy,

Conversely, the direct progeny of HSC are committe@pecies survival. As the bipotential progenitor engdes

progenitor cells which, although more plentiful, dot
have the capacity for long-term self-renewal, aiited
entiate along lineage defined lines. The Ikarksf)Ifam-
ily of transcription factors is essential for themmitment

sustained exposure to the thymic interior, commiitinte
the T lymphocyte lineage occurs, while any bipdsnt

progenitors not exposed to the thymic parenchynea ar

driven into the NK cell lineage [2, 4] In the abserof the

of HSC into the common lymphoid progenitor line.[1] thymus, a profound T lymphocyte deficiency occuis |

Moreover, there is yet another progenitor whichbis
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7] and indeed, absence of the thymus from birtiois

43



Hu/Miller

compatible with a normal life span and leads tdyear the complete absence (thymectomized), or presence

death — this is the fate awaiting human individuadsn

(sham-thymectomized) of both lobes of the thymuthe

without a thymus, i.e., a condition known as the dimediastinal area.

George Syndrome.

NK cell numbers have been well established as b&igrg
nificantly elevated in both congenitally athymicu(nu)
and neonatally thymectomized mice [8, 9]. NK celis-
stitute between 5 and 20% of the peripheral blgod-|
phocytes in mammals including humans [10]. In m@E®Bit
with T lymphocytes, NK cells have short life spamda
renew rapidly- with or without having engaged irtacy
Iytic activity - of approximately 2 days [11, 12More-
over, NK cells do not require previous sensitizatwith
offensive antigens, do not re-circulate through theod
or lymph, do not require identity with the majorsto-
compatibility locus proteins prior to exerting theiyto-
Iytic interaction with the target cells. NK cellspwever,
do respond to endogenous stimulatory and inhibitacy
tors which are similar to those to which T lymphiesy
respond [13- 15].

Born in the bone marrow [11, 12, 16-18], NK ceéiave
that organ and travel via the only exit from thagam,
i.e., the blood, unidirectionally to the spleereittprimary
destiny, never to re-enter the bone maoopwravel
elsewhere [11]. In contrast, T lymphocyte proges,
although generated in the bone marrow, also eait di+-
gan via the blood, and undergo all of their furthretura-
tion to immune-competent cytolytic cells in the ritnys.
Chemokine signaling directs this maturation procass
the pre- T lymphocytes migrate through the varimis
croenvironments of the thymus.
mus, T lymphocytes possess precisely the oppokigdl o
the NK cell features listed above.

Thus, in the absence of the thymus, and given time- ¢
mon (bipotential stem cell) origin of T lymphocytead

NK cells in the bone marrow, we hypothesize that th

mus-destined progenitors will fall under the infige of
NK lymphocyte-inducing factors. These cells willcae
mulate ultimately as mature NK cells, in the abseat
the T lymphocyte-inducing, thymic microenvironméght
2, 19- 23]. The concept that the NK lineage isdkhelu-
tionary “tree” off which the T cell “branch” arisesuch
later in evolution has substantial support.

Materials and Methods

Mice
Male pups (Jackson Laboratories, Bar Harbor, MEAL)S

were thymectomized or sham thymectomized (contabl)

approximately 8-12hours of age, under ether-indwed
esthesia following our long-standing and well-eshled

Upon leaving thg th

Tissue extraction and preparation for NK cell and T
lymphocyte analysis

Thymectomized and sham thymectomized mice were eu-
thanized at 8 wk of age. All were euthanized at-mid
afternoon to circumvent physiological changes bihbwanm

by circadian rhythms and the known diurnal variagio
within cell populations.

Single cell suspensions of the spleen were prepasieg)
standard methods in use in our lab [25, 26, 27ijiefy,

the spleen was removed and placed in ice-cold Bagle
basal essential medium (GIBCO Invitrogen Corp.,-Bur
lington, ON, Canada) which contained 10% heat inact
vated newborn bovine serum (NBS) (GIBCO — above).
Each spleen was then pressed through a stainlesk st
mesh into the medium. Through gentle repeatedt-pipe
ting, cellular suspensions were acquired. Subesityy
these suspensions were layered for 7 min onto 1dml
pure NBS to allow the sedimentation of non-celludar
bris into the medium. The supernatant, now coirtgin
only free single hemopoietic and immune cells, was
moved with a Pasteur pipette and centrifuged fonii@
(1100rpm, 4 C). The resulting pellet was then re-
suspended in a set volume of fresh medium and NBS.
Smears were then made from the clean, free ceblesus
sions onto ©Superfrost Plus microscope slides €fFish
Scientific, Whitby, ON, Canada). Finally, blood same
were prepared directly from a nick in the lategal vein
immediately prior to euthanasia.

Spleen and blood smears were stained using MacNeal’
tetrachrome hematologic stain (Sigma-Aldrich, Obyi
ON, Canada), which allowed for morphological idénti
cation of the different cell types [25- 31]. Thisig pro-
vides a 4-colour discrimination of cellular consgints.
NK cells were identified based on their resemblatocall
other lymphocytes, with which they are morpholotijca
indistinguishable except for one feature uniqueydnl
NK lymphocytes, i.e., 2-5 large, cytoplasmic grasul
[32- 34]. From this point on, NK cells and all othem-
phocytes will be referred to as NK lymphocytes and-
NK lymphocytes.

Each slide (smear) was read by counting the numtfers
NK lymphocytes and non-NK lymphocytes in sequential
adjacent microscope fields at x100 magnificatiome T
total number of cells identified and recorded w@6QLin
each spleen smear and 500 for each blood smear. NK
lymphocytes and non-NK lymphocytes were recorded in
separate groups as a percentage of the total tedlealls

methods [9, 24]. All thymectomized and sham oetat encountered in each organ for each mouse, for theth
mice were examined at the time of euthanasia tdyver neonatally thymectomized and sham thymectomized
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Statistical analysis

The percentages of NK cells and non-NK lymphocytes
were calculated for each organ for each mouse gbhov
and the mean +/- standard error was calculatedefibet
of thymectomy was compared with the parallel sham
thymectomized groups for each organ, and the tiledta
Student’s t-test was applied. Comparisons wereidons
ered to be statistically significant at p < 0.05.

Results

The data reveal (Table 1) that neonatal thymectoeny
sults in a very significant increase — approximagefold
- in the proportions (%) of NK lymphocytes in thaeen
over that of sham thymectomized control mice. Bwy-Cc
trast, non-NK lymphocytes showed precisely the sfipo

phenomenon in the spleens of thymectomized mice

control. That is, there was a significant decreaséhe
proportions of non-NK lymphocytes in the spleenshgf
mectomized mice@sthe sham thymectomized controls.

Furthermore, the actualcreasein NK cells in the spleen
(@pproximately 20%) is almost precisely the saméas
decreasdn this organ (approximately 20%) for the other
(non-NK) lymphocytes (Table 1).

Table 2 reveals that NK lymphocytes in the blooched-
natally thymectomized mice follow the same pattebn
served for these cells in the spleen (Table 1).at T
there is approximately a 5-fold increase in thecpetage

of NK cellsvs sham thymectomized controls. Moreover,
non-NK lymphocytes recorded in the blood of thymec-
tomized mice were significantlglecreasedrelative to
their values in the sham thymectomized controlshe T
actual hcreasen NK cells in the blood of thymectomized
mice (approximately 24%) was very similar to tte-
crease(approximately 24%) in the blood of the non-NK
lymphocytes (Table 2). Finally, between both organs
(spleen and blood), the increase in NK lymphocyed
decrease in the non-NK lymphocytes, was almosttiden
cal (Tables 1,2).

Table 1. The effect of neonatal thymectomy on NK lymphe@rid non-NK lymphocytes in
the spleens of young adult, C3H mice

Sham thymectomized

Thymectomized

%2 (N=10) %® (N=10)
NK lymphocytes 5.00 + 0.002 25.15 + 0.002°
Non-NK lymphaytes 95.00 + 0.002 74.85 + 0.002°

®Cells were recorded as a proportion (%) of 100@katlls, identified and enumerated on

spleen smears
®Mean +standard error

®p < 0.0001 x (10" vs sham thymectomized controls

Table 2. The effect of neonatal thymectomy on NK lymphoeytdsion-NK lymphocytes in

the blood of young adult, C3H mice

Sham thymectomized

Thymectomized

%2 (N=10) %2 (N=10)
NK lymphocytes 5.88 + 0.002 30.26 + 0.003°
Non-NK lymphaytes ~ 94.12 + 0.002 69.74 + 0.003°

®Cells were recorded as a proportion (%) of 500 tatalls, identified and enumerated on

blood smears
PMean + standard error

°p < 0.0001 x (10") vs sham thymectomized controls

Discussion

Non-lymphocytic cells in the thymic parenchyma/sieo
play an important role in the production of matuireym-
phocytes.
involved in regulating migration from the bone naavr
(T lymphocyte progenitors), their differentiationdasur-
vival (35). T lymphocyte migration from the boneam
row to the thymus, as well as migration within thgmic
epithelial cell niches is facilitated by chemoksignaling
(36).
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These parenchymal cells provide theofact

We had hypothesized that in the absence of anymF ly
phocyte driving factors from the thymus, the bipdit
progenitors would come under the influence of malksc
factors which would drive these progenitors inte thK
cell lineage. The present data demonstrate thateihd
this appears to have been the case in the negtiayall
mectomized mice, since one sees a 5-fold increabii
cells in the spleens of these mice over contraisthy-
mectomized). The fact that the blood of neonatayiyt
mectomized mice also demonstrates an approximately
equivalent 5-fold increase in the percentage of déis

45



vs control further supports this theory. The bloodtis
only exit from the bone marrow birth site of NK leellt
is however, unknown at present, if the bone marde~r 1.
rived, progenitor T cells, in the absence of anyrmpho-
cyte-stimulating factors in the thymectomized mieeg

() coming under the influence of blood-borne, ciat- 2.
ing, NK cell-driving, molecular factors, or, altatively,
(i) whether the bone marrow-derived progenitorells;
normally destined for the thymus, simply trankiough
the blood one or more times, and eventually rerage
the bone marrow. If progenitor T lymphocytes, iry-th
mectomized mice, did re-enter the bone marrow, they
would fall under the influence of the well-estabésl,
NK-cell governing microenvironment of the bone roarr

[11, 12, 16- 18]. 6.

Further support for our hypothesis of a shift & th cell
progenitor branch of the bipotential progenitol telvard 7.
the NK lineage is evidenced from the data foundtiier
other non-NK lymphocytes. That is, the spleen diodd
percentages of this latter group of lymphocyteswsho
precisely the opposite trend from what we obseimdtie
spleen and blood for NK cells. As was the casb WiK 8.
lymphocytes, the percentage of blood-borne, non-NK
lymphocytes logically is comparable to the spleritues 9.
because the spleen is on the direct blood ciraylato
pathway, i.e., the spleen content will reflect dutent

of the blood.

Although the bone marrow has not been analyzedii t 10.

study, it is possible nevertheless to identify ¢le#s con-
tained in these non-NK lymphocytes. Thus, with fible
lowing two features well-established, we can sayhwi
virtual certainly that the non-NK lymphocytes atmest

exclusively B lymphocytes. First, approximately’8@f ;5

the lymphocytes seen in the bone marrow are thbeeo
B lymphocyte lineage, the bone marrow being thejwai
and central generating site for all virgin B lymphtes

(37- 39). In normal mice, progenitor T lymphocytesd 13,

NK cells are contained in the remaining 10%.

In summary, the data support our hypothesis thigr af 14.

neonatal thymectomy, NK lymphocytes which are found
in significantly elevated proportions in young atiobd,
results from a shift into the NK lineage afl progeny
arising from the bi-potential lymphocyte progenitorhe

concomitant, significant decrease in the frequesfcihe 1

non-NK lymphocytes in the blood and spleen app&ars
support a shift in the destiny of all the progergni the
bi-potential progenitor cells into the NK lineage the
absence of a thymus.
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