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Abstract. Hypothyroid K-strain chickens were produced by neonatal thyroidectomy and
treatment with 6-propyl-2-thiouracil. Thyroidectomized birds were given 0, 1.5, 4.5, 15,
or 45 ug/kg body wt of triiodothyronine (T,) by daily injection. At 5 weeks of age,
thymocytes were prepared for flow cytometric analysis of CT-1a, CD3, CD4, and CD8
expression. Sham-operated birds had the smallest proportion of CT-1a* cells and the
brightest CT-1a* cells. Unsupplemented thyroidectomized birds presented an inverse
picture, while Ta-treated thyroidectomized birds were intermediate. Fewer and less
brightly labeled CD3*, CD4*, and CD8* cells were associated with sham-operated birds
or with higher levels of T, replacement. Low levels (1.5 ug/kg body wt) or no T, treatment
produced a greater proportion of positive, highly fluorescent cells. The ratios of CD4* to
CD8* thymocytes were increased (P < 0.05) by T, supplementation. Functionally,
thyroidectomy produced a decrease in mitogen-stimulated proliferation of peripheral
biood lymphocytes. This effect was ameliorated by T; supplementation. Further, thyroid-
ectomy produced an elevation of plasma growth hormone concentrations. These results
suggest that thyroid factors and alterations of thymic status significantly affect the
generation of specific thymus-derived lymphocyte populations and their functional
capabilities, perhaps due to changes in the thymic microenvironment. These alterations
may have important consequences for the development of immunocompetence and

disease resistance in chickens.

(P.S.E.B.M. 1992, Vol 189]

factors requisite for normal growth and homeosta-

sis are intimately tied to immunocompetence (1,
2). This relationship underscores the numerous inter-
actions between the neuorendocrine and immune sys-
tems. The thyroid hormones (triitodothyronine (T3) and
thyroxine or (T,)) have been shown to have a modula-
tory effect on immune responses in a variety of species
(3~6). In mammals, hypothyroidism produces a de-
creased humoral and cellular immune responsiveness

It is becoming generally accepted that endocrine

' To whom correspondence and requests for reprints should be addressed at
Department of Microbiology, Immunology, and Parasitology. College of Vet-
erinary Medicine, Cornell University. 100A Rice Hall, Ithaca, NY 14853,

Received April 23, 1991. [P.S.E.B.M. 1992, Vol 199]
Accepted July 26, 1991.

0037-9727/92/1991-0104%3.00/0
Copyright © 1992 by the Society for Experimental Biology and Medicine

104 T: ALTERS T CELL MARKER EXPRESSION

(7, 8). In birds, hypothyroidism induced by treatment
with the goitrogen 6-propyl-2-thiouracil (PTU) de-
presses antibody responses to sheep erythrocytes (4).
The Ts-deficient SLD strain of chickens (9) has several
demonstrable immune deficiencies. These include a
depressed mixed lymphocyte reactivity (10), a de-
creased proliferative response to T cell mitogens (11), a
decreased graft-vs-host reactivity (12), and depressed
humoral immune capabilities (13). Most of these im-
mune activities are modified or enhanced when the
SLD is supplemented with T; (14, 15) and some of
these enhancements have been associated with shifts in
T lymphocyte subpopulations (16).

The thyroid hormones have a pronounced thy-
motrophic effect in birds (17) and mammals, including
humans (8, 18). Thyroidectomy or severe hypothyroid-
ism produces a reduction in peripheral blood lympho-
cytes and a hypoplasia of the thymus similar to that
associated with aging (8, 19, 20). Conversely, supple-



mentation with T; or T, can slow or even reverse this
process (19, 21, 22). Circulating levels of the thymic
hormone, thymulin, have been shown to be strongly
correlated to concentrations of T3 and T4 (18). In
addition, the thymic epithelium is known to produce a
number of hormones that induce the proliferation and
maturation of T lymphocytes or T cells. These hor-
mones include thymosin (23), thymopoietin (24), and
thymulin (25).

Under the influence of the thymic hormones, im-
mature or pre-T cells derived in the bone marrow enter
the thymus and undergo proliferation and maturation
(26). From the thymus, mature T cells seed the other
lymphoid organs and the periphery. It is the postthymic
or mature T cells that are responsible for cell-mediated
immunity and are intimately involved in the regulation
of immune responses. Thus, endocrine factors that
influence thymic development or function have the
potential to alter immunocompetence. This may result
in increased susceptibility to disease or the development
of autoimmune disorders.

The present experiments further examine the influ-
ence of thyroid hormones on the development and
function of the immune system in an avian model.
Surgical thyroidectomy, followed by treatment with
PTU, was used to produce an abrupt and dramatic
reduction of circulating thyroid hormones. Groups of
thyroidectomized chicks, placed on T; replacement
therapy, were compared with unsupplemented and
sham-operated birds. Specific aims were (i) to examine
the effect of these treatments on specific cell popula-
tions or developmental states using flow cytometry, (ii)
to examine the immunocompetence of immunocytes
in vitro, using assays of immune function, and (iii) to
monitor treatment effects on plasma concentrations of
Ts, Ts, and growth hormone.

Materials and Methods

Animals and Treatments. These studies used the
K strain of Single Comb White Leghorn chickens de-
veloped in the Department of Poultry and Avian Sci-
ences at Cornell University. These birds are homozy-
gous for the B'® haplotype at the major histocompati-
bility complex (MHC) and have been shown to have
normal levels of pituitary (9), thyroid (9), and immune
(13) function. This strain has been maintained at Cor-
nell as a closed breeding population for over 20 years.

Birds were housed in temperature-controlled bat-
tery brooders with raised wire floors. The photoperiod
was set at 15:9-hr light:dark. Commercial chick starter
diet (Agway, Inc., Syracuse, NY) and water were avail-
able ad libitum.

Experimental Design. Two experiments were con-
ducted that differed in two respects: (i) the doses of T;
administered and (ii) whether single-label or dual-label
flow cytometry was used to assess the expression of T

cell markers. Experiments were designed to have a
minimum of six observations per group; however, due
to low cell yields, this number was reduced to no fewer
than four. In both experiments, day-old chicks were
randomly divided into two groups. Birds were anesthe-
tized with methoxyflurane (Metofane; Pitman-Moore,
Inc., Washington Crossing, NJ) and either surgically
thyroidectomized or sham-operated (sham-operated
controls). Immediately after surgery, thyroidectomized
birds were randomly assigned to the various T; treat-
ment groups. Beginning on the third day after surgery,
all thyroidectomized birds were given two daily injec-
tions of PTU (120 mg/kg body wt, suspended in 10%
gum arabic). Sham-operated birds received an equiva-
lent volume of 10% gum arabic. The hormone dosages
used in the first study were 0, 1.5, 4.5, 15, or 45 ug T,/
kg body wt. In the second experiment, dosages were 0
and 4.5 ug Ts/kg body wt.

At 5 weeks of age, body weights were noted and
blood was collected for the isolation of peripheral blood
lymphocytes (PBL) and to obtain plasma for hormone
analysis. Following this, the birds were sacrificed by
decapitation. Thymus and bursa weights were recorded
and single-cell suspensions of thymic tissue were pre-
pared for flow cytometry, as described previousty (27).

Hormone Treatments and Analyses of Serum
Concentrations. In these studies, thyroidectomized
birds were supplemented with triiodothyronine on the
basis of body weight. Treatments were administered by
daily injection (between 0730 and 1000 hr) beginning
on Day 1. T; was dissolved in 0.01 N NaOH and diluted
so that approximately 1 mi/kg body wt was injected.
At this dilution, the concentration of NaOH was 0.001
N.

Concentrations of T, and T; were measured in
duplicate plasma samples, collected at the termination
of the experiment, using commercially available radio-
immunoassay kits (Amerlex-M; Amersham, Co.).
Plasma concentrations of avian growth hormone (cGH)
were determined in duplicate at two concentrations in
a single radioimmunoassay using the specific homolo-
gous radioimmunoassay developed by Harvey and
Scanes (28).

Flow Cytometric Analyses. Two-million thymo-
cytes or Ficoll-enriched PBL were dispensed into coni-
cal-bottomed 96-well polystyrene plates (Corning) and
pelleted. Cells were washed once with phosphate-buff-
ered saline with 1% goat serum and 0.05% NaN;
(GPBS), pelleted, and resuspended in 40 ul of primary
antibody. For single-label analyses, the appropriate di-
lutions of the following primary antibody were used:
CT-1a (as ascites; Southern Biotechnology), anti-CD3
(culture supernate; Dr. C-L. Chen), anti-CD4 (ascites;
H. S. L.), anti-CDS8 (ascites; H. S. L.), anti-slg (an equal
mixture of G-1 anti-y and M-4 anti-u; Southern Bio-
technology). After a 20-min incubation period, the cells
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were washed twice in GPBS. The cell pellets were
resuspended in 40 wl of the secondary, fluorescein iso-
thiocyanate-conjugated, goat anti-mouse antibody
{Southern Biotechnology) at a dilution of 1/40 and
incubated for 20 min. The cells were washed twice
more in GPBS and resuspended in | ml of fixative
(GPBS with 1% formaldehyde). For dual-label analyses
of CD4 and CD8 expression, biotinylated anti-CD4 and
fluorescein isothiocyanate-conjugated anti-CD8 were
prepared as described (29, 30). This was followed by
two washes, a 20-min incubation period with 4 units of
streptavidin-conjugated R-phycoerythrin (Molecular
Probes, Eugene, OR), and two more washes. All re-
agents were kept chilled and procedures were carried
out at 4°C. An Epics Profile flow cytometer (Coulter
Corp., Hialeah, FL) was used for cytometric evaluation
of 10,240 cells from each sample. In single-color anal-
yses, delimiters were set that excluded approximately
10-15% of the “dimmest™ cells, whereas 2-5% were
excluded in dual-color analyses. The argon-ion laser
was operated at 12 mW (for PBL) or 15 mW (for
thymocytes). Cells were gaited on the basis of forward,
low-angle (2°-12°) versus orthogonal scatter (with a
488-nm dichroic filter). Fluorescence determinations
were made through a 457-502-nm laser-blocking inter-
ference filter coupled with a 515-nm long-pass and a
550-nm short-pass filter. R-Phycoerythrin fluorescence
measurements used a final 590-nm long-pass filter,
while fluorescein isothiocyanate fluorescence used a
final 525-nm band-pass filter.

Lymphocyte Proliferation Assays. The culture
system, medium, and methods have been described
previously in detail (10, 16). Briefly, blood was collected
into heparinized syringes and transferred to sterile cul-
ture tubes. Following a slow-spin centrifugation (31) at
80g and 4°C for 7 min, the plasma containing the PBL
was carefully removed from each sample. The lympho-
cytes were then pelleted from the plasma by a second
centrifugation and the plasma was removed and frozen
for subsequent hormone analysis. The PBL were
washed twice in Dulbecco’s phosphate-buffered saline
and resuspended in a cell culture medium (CCM) based
on RPMI 1640 medium containing 25 mM Hepes
buffer, 50 uM 2-mercaptoethanol, 2 mM L-glutamine,
2% commercial heat-inactivated chicken serum, 0.25
mg/ml fungizone, and 1 ml Pen-Strep/100 ml (Gibco.
Inc.). Lymphocyte proliferation in response to either
phytohemagglutinin-P (PHA; Sigma Chemical Co.) or
concanavalin A (Con A; Sigma) was assessed by distrib-
uting 0.1 ml of a suspension containing 1 X 107 viable
PBL/ml of CCM to each well of a 96-well, flat-bot-
tomed culture plate. Individual PBL preparations were
assayed in triplicate for each mitogen and for the un-
stimulated (medium or background) control. On the
basis of previous experiments (10, 16), the concentra-
tions of 25 ug PHA/ml or 100 ug Con A/ml were
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selected. Each stimulated well received 100 ul of the
appropriate mitogen; nonstimulated control wells re-
ceived 100 ul of CCM. After 24 hr of culture (5% CO,,
95% air, and 95% humidity at 40°C), 50 ul of [*H-
methyl]thymidine (30 uCi/ml of CCM) was added to
each well. Following an additional 18-hr incubation
period, cultures were harvested onto glass-fiber filters
and the level of [’H]thymidine incorporation was meas-
ured by scintillation counting. Data are presented as
the response of the stimulated cultures minus that of
the unstimulated cultures (1.e., background). The aver-
age background within the unstimulated cultures was
<330 cpm.

Statistics

Data from these experiments were analyzed by one-
way analysis of variance, where the main effect being
analyzed was thyroid status (sham-operated controls
versus thyroidectomized birds). Planned comparisons
between groups were made using the protected Fisher’s
LSD or Tukey’s HSD test. Statistically significant dif-
ferences were defined as those with a probability of 5%
or less of rejecting the null hypothesis when true. These
data were analyzed with the aid of the Number
Cruncher Statistical System (NCSS, Kaysville, UT) and
the Systat (Systat, Evanston, IL) statistical packages.

Results

The results of single-label flow cytometric analysis
of CT-1a and CD3 expression by thymocytes from
vehicle-injected thyroidectomized, T;-supplemented
thyroidectomized, and sham-operated control birds are
shown in Figure 1. In these studies, only cells from the
vehicle-injected thyroidectomized birds, sham-operated
controls, and groups given 1.5 and 4.5 ug Ts/kg were
examined by flow cytometry. The proportion of CT-
la*™ thymocytes from vehicle-injected thyroidectomized
birds was increased (P < 0.05) compared with sham-
operated controls or those from any of the T;-supple-
mented thyroidectomized groups. In addition, controls
and Ts-supplemented thyroidectomized groups showed
an increase in the staining intensity of CT-1a™ thymo-
cytes. Vehicle-injected thyroidectomized groups were
“dimmer” in terms of labeling intensity (P = 0.05),
while Ts-supplemented groups were intermediate be-
tween the former group and the sham-operated con-
trols.

Proportionately fewer and less brightly labeled
CD3* thymocytes were found in birds treated with 4.5
ug/kg of T3, however, thyroidectomized birds injected
with 1.5 ug/kg were not different from vehicle-injected
thyroidectomized birds (Fig. 1). Vehicle-injected thy-
roidectomized birds were not statistically different from
any other group due to a slight reduction in relative
brightness and cell number compared with birds given
T at 1.5 ug/kg.
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Figure 1. Single-label flow cytometric analysis of CT-1a and CD3 expression by thymocytes. The results are expressed as the mean percentage
and mean log fluorescent intensity = SE of thymocytes from each experimental group. Differences between groups were examined by Fisher's
LSD test only when the probability of a type one error was <0.05 (protected LSD test). Values within a panel sharing a common superscript,

are not significantly different (P < 0.05).

The expression of CD4 (a T cell phenotype asso-
ciated with helper/inducer functions) and CD8 (asso-
ctated with cytotoxic/suppressor functions) by thymic
T cells was similar to that of CD3 (Fig. 2). Thyroidec-
tomy resulted in an increase (P < 0.05) in the number
and intensity of labeling of CD4* and CD8* thymo-
cytes. In contrast to CDS8, CD4 expression showed a
dose-dependent decrease, in terms of both relative num-
ber and mean intensity of labeling, in response to

increased doses of Ts. In dual-labeling experiments (Fig.
3), thyroidectomy resulted in a decrease in CD4*, CD8*
cells (dual-positive cells); however, Ts-supplemented
thyroidectomized birds were not different from sham-
operated controls. Concomitantly, the relative numbers
of CD4*, CD8™ thymocytes from vehicle-injected birds
were increased (P < 0.05), as compared with sham-
operated controls. As before, Ti-supplemented thyroid-
ectomized birds were not different from the vehicle-
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Figure 2. Single-label flow cytometric profiles of CD4 and CD8 expression by thymocytes from sham-operated, thyroidectomized, and Ts-
supplemented birds. Bars represent the mean percentage and mean log fluorescent intensity + SE. Values within a panel sharing a common

superscript are not significantly different (P < 0.05).
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Figure 3. Dual-label flow cytometric analysis of CD4 and CD8 expression by thymocytes. Bars represent the mean percentage of positive
cells = SE. Values within a panel sharing a common superscript are not significantly different (P < 0.05).

injected controls. In the other single-positive cell
population (CD4~, CD87), no significant changes in
relative cell numbers due to treatment were evident,
although a similar pattern was observed for both single-
positive cell populations. These alterations in CD4 and
CDS8 expression were also reflected in the ratio of CD4*
to CD8* cells (Fig. 4). Treating thyroidectomized birds
with increasing amounts of T; resulted in a dose-related
decrease in the ratio of mean intensities of bright CD4",
CD8™ to CD4~, CD8" thymocytes (Fig. 4, Panel II).
Although the same pattern of response is evident in the
ratio of relative numbers of bright positive cells (Fig. 4.
Panel I) the differences were not significant. In contrast,

thyroidectomy resulted in a reduction (P =< 0.0001) in
the ratios of dimly fluorescent positive cells. Ts-supple-
mentation of thyroidectomized animals increased the
ratio of dimly fluorescent CD4* to CD8™ cells (Fig. 4,
Panel III). No changes due to treatment were observed
in the ratios of CD4 to CD8 mean intensities within
the dimly fluorescent population (Fig. 4, Panel IV).
Differences in the total number of CD4* or CD8" cells
between single- and dual-color analyses are related to
the setting of delimiters on the Epics Profile flow cytom-
eter. Thus, they do not represent biological differences
between experiments (see Materials and Methods).

To examine the effect of thyroidectomy on B cells,

Percent

Mean Intensity

Positive Cells

Figure 4. Ratio of CD4 to CD8 expression by thymocytes. Panels labeled | and il represent ratios of highly fluorescent or bright cells, while
quadrants labeled Ill and IV are ratios of dimly labeled cells. Bars represent the mean number and brightness = SE. Values within a panel

sharing a common superscript are not significantly different (P < 0.05).
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PBL expressing surface IgG or IgM immunoglobulins
(slg™ cells) were evaluated by flow cytometry (Fig. 5).
PBL from thyroidectomized birds had the greatest pro-
portion of sIg* cells (P < 0.01). Supplementation of
thyroidectomized birds with T; abrogated this effect on
slg® cells. In addition, slg* PBL from T;-treated thy-
roidectomized animals were less intensely labeled than
those from untreated birds (P < 0.05); however, neither
group differed significantly from the sham-operated
controls.

The effect of thyroidectomy on the proliferative
capabilities of T cell subsets to the mitogens Con A and
PHA was determined (Table I and Fig. 6). PBL re-
covered from thyroidectomized animals not receiving
T, replacement showed reduced proliferative responses
to Con A and PHA-P; however, due to the small sample
size, this effect was significant (P < 0.05) only in the
second experiment (Fig. 6). The Con A response of
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Figure 5. Flow cytometric analysis of surface immunoglobulin (IgM
and IgG) expression by peripheral blood lymphocytes. Bars represent
the mean percentage of labeled cells (top panel) and the mean
fluorescent intensity or brightness (lower panel) = SE. Values within
a panel sharing a common superscript are not significantly different
(P =< 0.05).

thyroidectomized birds treated with 4.5 ug Ts/kg was
not different from the proliferative response of cells
from sham-operated control animals. This same treat-
ment did not produce an increase in the PHA-induced
proliferation of PBL. Additionally, cell yields (Table I)
from unsupplemented thyroidectomized birds were
substantially lower (P < 0.05) than those from sham-
operated controls. Supplementation with T; restored
cell yields in a dose-dependent fashion.

The plasma levels of T, T4, and growth hormone
are shown in Table II. The plasma concentrations of
T; in all thyroidectomized groups were reduced (P =<
0.05) in both experiments, In Experiment 1, a dose of
4.5 ug Ts/kg produced a maximal elevation (P < 0.05)
in plasma T; concentration compared with the other
Ts-supplemented groups. This dosage level was chosen
for the second experiment, in which it produced the
same effect. Thyroidectomized birds showed a reduc-
tion (P =< 0.05) in plasma T, levels as compared with
the sham-operated controls. As expected, T treatments
resulted in little or no change in plasma T, concentra-
tions. Growth hormone concentrations were increased
(P < 0.05) in vehicle-injected thyroidectomized birds
and those given the lowest T; dose (1.5 ug/kg). Higher
levels of T supplementation of thyroidectomized birds
restored plasma GH to concentrations comparable to
those of sham-operated controls. These levels were not
measured in the second experiment.

The growth of unsupplemented thyroidectomized
birds (Table III) was drastically reduced (P < 0.05),
while T; supplementation restored body weights to
levels comparable to those of sham-operated controls.
In a similar fashion, adjusted mean organ weights of
thymus and bursa from thyroidectomized birds were
reduced (P < 0.05). Relative thymus and bursa weights
were increased with increasing doses of T;. Adjusted
liver weights were increased (P < 0.05) in thyroidecto-
mized birds. With T; supplementation, liver weights

Table I. Effect of Ts on the Yield and Mitogen-Induced Proliferation of Peripheral Blood Lymphocytes from
Thyroidectomized K-Strain Chickens®

Experiment 1

treatment Sham Tx Tx + 1.5 Tx + 4.5 Tx + 15 Tx + 45
(1g Ta/kg)
PB(L/m(Iy)b 126+ 027 0.48+0.32" 078+ 0.22*7 1.08 = 0.25*7 1.41 = 0.21* 1.38 = 0.29*
X 10%)
n 7 10 10 10 7 10
Con A 143.21 £ 13.71* 83.59 + 9.05* 129.79 + 14.21* 109.73 + 18.14* 170.49 + 29.10* 135.93 + 35.22*
(CPM > 1079
n 7 4 7 8 6
PHA-P 31.32 £5.83* 15.90 + 3.48* 30.61 +9.58" 25.94 + 10.01* 16.09 = 2.89* 17.87 £ 3.31*
(CPM x 107
n 7 4 7 8 6

® Values represent the mean + SE. Those values within rows sharing common symbols (*, 1) are not significantly different (P > 0.05) by Tukey's

HSD test. Tx, thyroidectomy.
® Relative cell yields obtained by slow-spin centrifugation.
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Figure 6. Mitogen response of peripheral blood lymphocytes from the second experiment. Con A and PHA-P-induced proliferation of PBL is
expressed as cpm x 107 + SE. Asterisks indicate treatment values that are significantly different (P < 0.05) from those of sham-operated
controls. Differences between treatment groups were determined as described.

Table ll. Effect of T; Supplementation on Plasma Levels of cGH, T4, and T3 in Thyroidectomized K-Strain

Chickens?®
Treatment
(1g To/kg) Sham Tx Tx+ 1.5 Tx + 4.5 Tx + 15 Tx + 45
Experiment 1
cGH (ng/ml) 836+ 10.2* 1645+ 223" 1982+ 19.9* 113.9+145*" 1486+ 19.9*"* 106.1 £ 14.2*1¢
n 8 10 9 10 7 10
T4 {ng/ml) 9.64 + 0.86* 299+ 027" 294 +025"% 285+0.03"F 350+ 0.23" 1.95 + 0.15¢
n 8 10 9 10 7 10
Ts (ng/ml) 1.93+0.18* 0.64 =0.06" 0.68 + 0.057 1.02 +0.13% 0.72 £ 0.077 0.76 = 0.07"*
n 8 10 9 10 7 10
Experiment 2
T4 (ng/ml) 873 +£0.97* 1.61£0.14" ND 2.19 = 0.241 ND ND
n 12 16 ND 10 ND ND
T2 (ng/mi) 1.84 010 0.58 = 0.04* ND 0.84 + 0.05¢ ND ND
n 12 16 ND 10 ND ND

* Values represent the mean = SE. Those values within rows sharing common symbols (*,1,3) are not significantly different (P > 0.05) by
Tukey’s HSD test. ND, not determined; Tx, thyroidectomy.
® Growth hormone levels were not determined for the second experiment.

Table lll. Effect of T3 Supplementation on Growth and Adjusted Organ Weights in Thyroidectomized K-Strain

Chickens®
Experiment 1
treatment Sham Tx Tx + 1.5 Tx + 4.5 Tx + 15 Tx + 45 mg/kg
(ug Ta/kg)
Body wt (@) 358.1 £ 14.42* 108.0 £ 7.95" 200.6 = 13.80* 289.2+7.20% 304.9 + 15.59%' 315.0 + 10.52*%
n 8 10 9 10 7 10

Organ weights

Thymus 0.384 £ 0.026* 0.159 = 0.017" 0.234 + 0.021" 0.336 + 0.028" ND ND

n 6 8 6 4

Bursa 0.408 £ 0.019* 0.073 = 0.007* 0.155 + 0.010* 0.218 =+ 0.014* 0.232 + 0.020* 0.331 = 0.016°

n 8 10 9 9 7 10

Liver 2.197 £ 0.044* 7.007 = 0.335" 4.309 + 0.200* 3.280 + 0.181% 3.342 + 0.071%' 3.187 + 0.093%'
n 8 10 9 10 7 10
Abdominal fat  0.850 + 0.096* 0.305 + 0.033" 1.439 + 0.229* 1.620 + 0.116* 0.884 + 0.106*% 0.654 + 0.038*"!
n 8 10 9 10 7 10

# Values within rows sharing common symbols (*,1,$,§./|} are not significantly different (P > 0.05) by Tukey's HSD test. ND, not determined;
Tx, thyroidectomy.
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decreased but did not return to control values. The
adjusted mean weight of abdominal fat pads, while
reduced in thyroidectomized birds, was increased (P <
0.05) over sham-operated birds in groups given 1.5 and
4.5 ug Ts/kg. Adjusted fat pad weights from groups
supplemented with 15 and 45 ug Ts/kg were com-
parable to those of sham-operated controls.

Discussion

In these studies, the rationale for surgical thyroid-
ectomy followed by treatment with PTU was to achieve
an abrupt and dramatic drop in thyroid hormone con-
centrations early in the experiment. In addition, PTU
treatment results in a complete thyroidectomy and
ensures that there is little if any endogenous production
of thyroid hormones. King er al. (32) showed that PTU
alone reduced serum T3 to 64% of normal concentra-
tions at 7 days of age. The combination of surgical
thyroidectomy followed by PTU was shown to reduce
T concentrations from nondetectable to 20% of nor-
mal concentrations in this same time (33). Although
this regimen exposed the animals to the potential side
effects associated with PTU treatment, the dosages used
were relatively low (34).

It is noteworthy that alterations in lymphocyte
surface marker expression, response to mitogens, and
body and organ weights were primarily dependent on
the level of T; supplementation. In addition. these
changes occurred in the presence of elevated concentra-
tions of ¢cGH. The retarded growth of thyroidectomized
birds, concomitant with elevated concentrations of
cGH, is typical. In this model system, supplementation
with T; resulted in a depression of plasma GH concen-
trations similar to that described in mammals (35).
Elevated levels of GH in thyroidectomized birds was
anticipated and has been described previously in asso-
ciation with hypothyroidism (9, 14) and thyroidectomy
(36) in chickens. These results imply that the effects of
thyroidectomy are not a direct result of changes in
circulating GH concentrations. Thus, T; may operate
to facilitate the effects of growth hormone; however,
the influence of GH was not assessed in this study.

Clearly, the hypothyroidism induced in these ex-
periments altered the expression of surface markers on
peripheral blood B and T cells and produced shifts in
thymic cell populations. Furthermore, these data sug-
gest that T; supplementation is capable of reversing the
effect of thyroidectomy on the expression of the CT-1a
glycoprotein, a marker restricted to thymic T cells (a
homologue of a mammalian TL antigen) (37), CD3,
which is associated with the T cell receptor complex
expressed by both thymic and mature T cells (37, 38),
and the accessory receptors, CD4 and CDS8. The CD4
and CD8 markers are associated with the antigen-MHC
recognition structure of mature T cells (39, 40). In
general, thyroidectomy altered both the proportion of

positively labeled cells and the intensity of marker
expression. The expression of the immature T cell
marker, CT-1a, was decreased in thyroidectomized
birds, while the expression of CD3, CD4, and CD8, T
cell surface glycoproteins associated with cell-cell inter-
actions, was enhanced in these same birds. These find-
ings provide evidence that the modulation of thyroid
hormone concentrations can result in qualitative and
quantitative changes in the expression of surface mark-
ers by lymphoid cells.

Although the majority of thymocytes in the chicken
are dual-positive (i.e., CD4*, CD8) as in humans and
other mammals (41), the expression of CD8 appeared
to be less sensitive to the effects of thyroidectomy and
T; supplementation than did CD4. The differences
between CD4 and CDS expression by thymocytes may
be related to the temporal expression of these markers.
von Boehmer et al. (42) and others (43, 44) have
suggested that in mammals, thymic T cells first express
CD8. After further differentiation, these cells become
positive for both CD4 and CDS8, finally maturing to T
cells expressing either CD4 or CDS§. The final matura-
tional step to the single-positive state is thought to
involve an interaction between the thymocyte and
either an MHC class I- or class II-bearing cell (45, 46).
This suggests that Ts may alter the expression of MHC
or other antigens by thymic cells involved in the “edu-
cation” of thymic lymphocytes. Dardenne and co-work-
ers showed that thyroid and steroid hormones modulate
thymic endocrine function in vitro and in vivo (47).
Thus, hypothyroidism may produce changes in the
thymic environment, resulting in alterations in T cell
maturation and/or trafficking.

The polvclonal proliferative response of lympho-
cytes exposed to lectins such as Con A and PHA has
been regarded as a measure of functional capacity,
representing an in vitro correlate of the proliferative
phase following antigen recognition. In these studies,
thyroidectomy resulted in a consistent reduction in
mitogen responsiveness. In general, treating thyroidec-
tomized birds with Tj; restored mitogen responsiveness.
This is in keeping with observations regarding the dif-
ferentiation and growth-promoting effects of T; and T,
on lymphocytes in vitro (J. A. Marsh and A. M. Khan,
unpublished observations). It is likely that these func-
tional differences reflect alterations in thymic T cell
populations observed with flow cytometric analysis. Of
additional interest, T; supplementation produced a re-
sponse pattern that was lectin-dependent. This is con-
sistent with evidence that various mitogens affect dif-
ferent T cell populations (22). Chan et al. (48) reported
that peripheral blood lymphocytes, activated for 3 days
with Con A, contained approximately 70% CD8* and
20% CD4™* cells, while PHA-activated PBL contained
roughly 20% CD8* and 40% CD4" cells. In these
studies, the Con A proliferative response was rapidly
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restored by T; supplementation of thyroidectomy-
treated birds. In contrast, the PHA response was not
effectively reconstituted in these animals. This may be
due to an enhanced susceptibility of CD4* T cells to
the modulation of surface glycoproteins as compared
with CD8™ cells.

These results suggest that thyroid hormones play
an important role in the maturation and development
of immune competence in the chicken. Triiodothyro-
nine showed a marked ability to induce changes in the
expression of T cell surface proteins associated with
development. In addition, changes in T cell populations
were paralleled by changes in functional responses to
mitogen. Presently, the mechanism by which these
effects are mediated remains unknown; however, they
may involve alterations in the thymic environment, cell
trafficking through the thymus, or some combination
of these and other factors.

This work was supported by U.S. Department of Agriculture
Grant 88-37265-3882. The authors thank Dr. C-L. Chen for the
generous gift of anti-CD3 monoclonal antibody and Terry Bunn for
her expert technical assistance.

1. Glick B. Interrelation of the avian immune and neuroendocrine
systems. J Exp Zool 232:671-682, 1984.

2. Pierpaoli W, Besdovsky HO. Role of thymus in programming of
neuroendocrine function. Exp Biol 20:323-338, 1975.

3. Chandel AS, Chatterjee S. Immunomodulatory role of thyroid
hormones: Effect on humoral immune response to Sa/monella
typhi O antigen. Indian J Exp Biol 27:1013-1016, 1989.

4. Keast D, Ayre DJ. Antibody regulation in birds by thyroid
hormones. Dev Comp Immunol 4:323-330, 1980.

5. Oaki N, Wakisaka G, Nagata 1. Effects of thyroxine on T-cell
counts and tumour cell rejection in mice. Acta Endocrinol
81:104-109, 1976.

6. Fabris N. Immunodepression in thyroid-deprived animals. Clin
Exp Immunol 15:601-611, 1973.

7. Chatterjee S, Chandel AS. Immunomodulatory role of thyroid
hormones: /n vivo effect of thyroid hormones on the blastogenic
response of lymphoid tissues. Acta Endocrinol 103:95-100, 1983,

8. Fabris N. Influence of thyroid hormones on the immune system.
In: Hesch RD, Ed. Low T; Syndrome. Serono Symposium No.
40. London: Academic Press, p199, 1981.

9. Scanes CJ, Marsh JA, Decuypere E, Rudas P. Abnormalities in
the plasma concentrations of thyroxine, triiodothyronine and
growth hormone in sex-linked dwarf and autosomal dwarf White
Leghorn domestic fowl Gallus domesticus. J Endocrinol 97:127-
135, 1983.

10. Erf GF, Marsh JA. Effect of dietary tritodothyronine on mixed
lymphocyte responsiveness in young male chickens. Dev Comp
Immunol 13:177-186, 1989.

11. Erf GF, Marsh JA. Triiodothyronine affects mitogen responsive-
ness in sex-linked dwarf and Cornell K strain chickens. Dev
Comp Immunol 11:395-406, 1987.

12. Erf GF, Briles WE, Marsh JA. Graft-versus-host response in sex-
linked dwarf, autosomal dwarf and control K strain chickens.
Dev Comp Immunol 11:769-779, 1987.

13. Marsh JA. Assessment of antibody production in sex-linked and
autosomal dwarf chickens. Dev Comp Immunol 7:535-544,
1983.

112 T. ALTERS T CELL MARKER EXPRESSION

20.

2L

22.

23,

24,

25,

26.

27.

28.

29.

30.

31

32.

. Marsh JA, Lauterio TJ, Scanes CG. Effects of triiodothyronine

treatments on body and organ growth and the development of
immune function in dwarf chickens. Proc Soc Exp Biol Med
177.82, 1984,

. Marsh JA, Gause WC, Sandhu S, Scanes CG. Enhanced growth

and immune development in dwarf chickens treated with mam-
malian growth hormone and thyroxine. Proc Soc Exp Biol Med
175:351-360, 1984,

. Erf GF, Marsh JA, Triiodothyronine affects the phytohemagglu-

tin to concanavalin A proliferative response ratio in sex-linked
dwarf chickens. Proc Soc Exp Biol Med 189:5-12, 1988.

. Yam D, Heller D, Snapir N. The effect of thyroidal state on the

immunological state of the chicken. Dev Comp Immunol 5:483-
490, 1981.

. Fabris N, Mocchegiani E, Mariotti S, Pacini F, Pinchera A.

Thyroid function modulates thymic endocrine activity. J Clin
Endocrinol Metab 623:474-478, 1986.

. Comsa J, Leonhardt H, Ozminski K. Hormonal influences on

the secretion of the thymus. Thymus 1:81-93, 1979.

Pierpaoli W, Baroni C, Fabris N, Sorkin E. Hormones and
immunological capacity 1. Reconstitution of antibody produc-
tion in hormonally deficient mice by somatotropic hormone,
thyrotropic hormone and thyroxin. Immunology 16:217-230,
1969.

Fabris N, Mocchegiani E. Thyroid hormones modulate thymic
endocrine activity during ageing and development. Trends
Biomed Gerontol 11:41-42, 1988.

Fabris N, Muzzioli M, Mocchegiani E. Recovery of age-depend-
ent immunological deterioration in Balb/c mice by short-term
treatment with L-thyroxine. Mech Ageing Dev 18:327-338, 1982.
Goldstein AL, Low TKL, McAdoo M, McClure J, Thurman GB,
Lay CY, Chang D, Wang SS, Harvey C, Ramel AH, Meinhofer
J. Thymosin a;: Isolation and sequence analysis of an immuno-
logically active thymic peptide. Proc Natl Acad Sci USA 74:725-
729, 1977.

Goldstein G, Scheid M, Hammertring U, Bose EA, Schlesinger
DH, Niall HD. Isolation of a polypeptide that has lymphocyte-
differentiating properties and is probably represented universally
in living cells. Proc Natl Acad Sci USA 72:11-15, 1976.
Dardenne M, Pleau JM, Nabama B, Lefancier P, Denien M,
Choay J, Bach JF. Contribution of zinc and other metals to the
biological activity of the serum thymic factor. Proc Natl Acad
Sci USA 79:5370-5373, 1982,

Incefy GS, Mertelsmann R, Yata K, Dardenne M, Bach JF,
Good RA. Induction of differentiation in human marrow T cell
precursors by the synthetic thymic factor, FTS. Clin Exp Im-
munol 40:396-406, 1975,

Wassom DL, Dougherty DA, Krco CJ, David CS. H-2-controlled,
dose-dependent suppression of the response that expels adult
Trichinella spiralis from the small intestine of mice. Immunology
53:811-818, 1984.

Harvey S, Scanes CG. The purification and radioimmunoassay
of chicken growth hormone. J Endocrinol 73:321-329, 1977.
Johnson GW, Holborow EJ. Immunofluorescence. In: Weir EM,
Ed. Handbook of Experimental Immunology. Oxford: Blackwell
Scientific, Vol 1: chapter 8, 1973,

Goding JW. Immunofluorescence. In: Goding JW, Ed. Monoclo-
nal Antibodies: Principal and Practice. Production and Applica-
tion of Monoclonal Antibodies in Cell Biology, Biochemistry
and Immunology. New York: Academic Press, p208, 1983,
Schaefer AE, Scafuri AR, Fredericksen TL, Gilmour DC. Strong
supplementation by monocytes of the T cell mitogenesis in
chicken peripheral blood leukocytes. J Immunol 135:1652-1660,
1985.

King DB, King CR, Eshleman JR. Serum triiodothyronine levels
in the embryonic and post-hatching chicken, with particular



33.

34,

35.

36.

37.

38.

39.

reference to feeding-induced changes. Gen Comp Endocrinol
31:216-223, 1977.

King DB, Bair WE, Jacaruso RB. Thyroidal influence on nuclear
accumulation and DNA replication in skeletal muscles of young
chickens. J Exp Zool (Suppl 1), pp291-298, 1987.

Cooper DS. Antithyroid drugs. N Engl J Med 311:1353-1362,
1984.

Scanes CG. The physiology of growth, growth hormone and
other growth factors in poultry. CRC Crit Rev Poult Biol 1:51-
1085, 1987.

Harvey S, Sterling RJ, Klandorf H. Diminution of thyrotropin
releasing hormone-induced growth hormone secretion in adult
domestic fowl (Gallus domesticus). J Endocrinol 89:405-410,
1983.

Chen C-L, Chanh T, Cooper M. Chicken thymocyte-specific
antigen identified by monoclonal antibodies: Ontogeny, tissue
distribution and biochemical characterization. J Immunol
14:385-391, 1984,

Chen C-L, Ager LL, Gartland GL, Cooper MD. Identification of
a T3/T cell receptor complex in chickens. J Exp Med 164:375-
380, 1986.

Lillehoj HS, Lillehoj EP, Weinstock D, Schat K. Functional and
biochemical characterization of chicken T lymphocyte antigens.
Eur J Immunol 18:2059-2065, 1988.

40.

41,

42,

43.

44,

45,

46.

47.

48.

Schwartz RH. A cell culture model for T lymphocyte clonal
anergy. Science 248:1349-1356, 1990.

Reinherz EL, Kung PC, Goldstein G, Levey RH, Schlossman
SF. Discrete stages of human intrathymic differentiation. Analy-
sis of normal thymocytes and leukemic lymphoblasts of T cell
lineage. Proc Natl Acad Sci USA 77:1588-1592, 1980.

von Boehmer H, Teh HS, Kisielow P. The thymus selects the
useful, neglects the useless and destroys the harmful. Immunol
Today 102:57-61, 1989,

Fowlkes BH, Schwartz RH, Pardoll DM. Deletion of self-reactive
thymocytes occurs at a CD4*8* precursor stage. Nature 334:620-
623, 1988.

MacDonald RH, Hengartner H, Pedrazzini T. Intrathymic dele-
tion of self-reactive cells prevented by neonatal anti-CD4 anti-
body treatment. Nature 335:174-176, 1988.

Fowlks BJ, Pardoll DM. Molecular and cellular events of T cell
development. Adv Immunol 44:207-226, 1989.

Ramsdell F, Fowlks BJ. Clonal deletion versus clonal anergy:
The role of the thymus in inducing self tolerance. Science
248:1342-1348, 1990.

Dardenne M, Savino W, Bach JF. Modulation of thymic endo-
crine function by thyroid and steroid hormones. Int J Neurosci
39:3-4, 1988.

Chan MM, Chen C-L, Ager LL, Cooper MD. Identification of
the avian homologues of mammalian CD4 and CD8 antigens. J
Immunol 1407:2133-2138, 1988.

T: ALTERS T CELL MARKER EXPRESSION 113





