ESMO iMMUNO-ONCOLOGY

Annual Congress

GENEVA SWITZERLAND
7-9 DECEMBER 2022

< Immunology

Thisinformation is current as
of October 31, 2022.

The Thyrotropin (Thyroid-Stimulating
Hormone) Receptor |s Expressed on Murine
F]).endritic Cellsand on a Subset of CD45RB

19N ymph Node T Cells: Functional Role
for Thyroid-Stimulating Hormone During
Immune Activation

E. Umit Bagriagik and John R. Klein

J Immunol 2000; 164:6158-6165; ;
doi: 10.4049/jimmunol.164.12.6158
http://www.jimmunol .org/content/164/12/6158

References Thisarticle cites 52 articles, 15 of which you can access for free at:
http://www.jimmunol .org/content/164/12/6158.ful l#ref-list-1

Why The JI? Submit online.
» Rapid Reviews! 30 days* from submission to initial decision
* No Triage! Every submission reviewed by practicing scientists

» Fast Publication! 4 weeks from acceptance to publication

*average

Subscription  Information about subscribing to The Journal of Immunology is online at:

http://jimmunol .org/subscription

Permissions  Submit copyright permission requests at:
http://www.aai .org/About/Publications/Jl/copyright.html

Email Alerts Receive free email-alerts when new articles cite this article. Sign up at:
http://jimmunol.org/alerts

The Journal of Immunology is published twice each month by
The American Association of Immunologists, Inc.,

1451 Rockville Pike, Suite 650, Rockville, MD 20852
Copyright © 2000 by The American Association of

Immunologists All rights reserved.

Print ISSN: 0022-1767 Online | SSN: 1550-6606.

2202 “T€ Jg0I00 U0 BR3UY-G1T URIN/AIUN 1285 T /B10° ountuw 1 -Mmw/:diy WoJ4 papeo|umod


http://www.jimmunol.org/cgi/adclick/?ad=57003&adclick=true&url=https%3A%2F%2Fwww.esmo.org%2Fmeetings%2Fesmo-immuno-oncology-congress-2022%2Fregistration%3Futm_source%3DJournal-Immunology%26utm_medium%3Dbanner%26utm_campaign%3DESMO-WW-MKTG-Registration-ES
http://www.jimmunol.org/content/164/12/6158
http://www.jimmunol.org/content/164/12/6158.full#ref-list-1
https://ji.msubmit.net
http://jimmunol.org/subscription
http://www.aai.org/About/Publications/JI/copyright.html
http://jimmunol.org/alerts
http://www.jimmunol.org/
http://www.jimmunol.org/

The Thyrotropin (Thyroid-Stimulating Hormone) Receptor Is
Expressed on Murine Dendritic Cells and on a Subset of
CD45RB"" Lymph Node T Cells: Functional Role for
Thyroid-Stimulating Hormone During Immune Activation *

E. Umit Bagriacik and John R. Klein?

Thyroid-stimulating hormone (TSH), a central neuroendocrine mediator of the hypothalamus-pituitary-thyroid axis, has been
shown to affect various aspects of immunological development and function. To gain a better understanding of TSH involvement
within the mammalian immune system, the expression and distribution of the TSH receptor (TSHr) has been studied by immu-
noprecipitation and by flow cytometric analyses. Using highly enriched populations of B cells, T cells, and dendritic cells, trace
amounts of TSHr were precipitated from B cells and T cells, whereas high levels of TSHr were precipitated from the dendritic cell
fraction. Flow cytometric analyses of TSHr expression on splenic and lymph node T cells revealed a major difference between those
tissues in that only 2—-3% of splenic T cells were TSHF, whereas 10—20% of CD48~ and CD4~8"* lymph node T cells expressed
the TSHr, which was exclusively associated with CD45RE" cells and was not expressed during or after activation. The TSHr
was not present on cells of the immune system during fetal or neonatal life. However, recombinant T§Hvas found to significantly
enhance the phagocytic activity of dendritic cells from adult animals and to selectively augment IL# and IL-12 cytokine
responses of dendritic cells following phagocytic activation. These findings identify a novel immune-endocrine bridge associated
with professional APCs and naive T cells. The Journal of Immunology,2000, 164: 6158—-6165.

system are physiologically and functionally linked has mones in thyroid autoimmunity (reviewed in ref. 5) and thyroid-

been realized for some time and has been empiricallimmune system interactions by hormones and cytokines (6-9),
demonstrated in a number of studies. To the present, howeveknowledge about the involvement of HPT hormones on immunity
most of those have examined the relationship between immungsmains scant. Yet, evidence exists indicating that TRH and TSH
function and hormones of the hypothalamus-pituitary-adrenal axisgan directly or indirectly influence peripheral immunity in a num-
in particular, the involvement of the glucocorticoids and otherper of ways. For example, TRH has been reported to have co-
‘xs.tress" hormones (1). Those blqloglcal mediators and t|:]€|ll’ de”V'stimuIatory effects on mitogen-induced lymphocyte responses of 5
atives generally exert suppressive effects on t_he host's immung, spleen cells (10), and TSH has been shown to augment Ag- ':_
response to Ag_, and thus ha_ve been used cllnlc_ally_ to curtail th‘Epecific spleen plaque-forming cell responses in mice (11-13). &
severity of autoimmune reactions and allograft rejection responses,, . apparent effects may be indirect, however, as inferred from 2
(2-4). studies demonstrating TSH binding to monocytic cells (14). Other &

d The hypothalamus-p|.tU|tary-thyr0|d (HPTs is a neuroen- .studies have demonstrated that HPT hormones, mediated primarily
ocrine pathway used in development and throughout metabollgy TSH, can alter the immunological composition of lymphoid

regulation. This involves an orchestrated process of hormone re=- . . . o :

lease and feedback involving the hypothalamic-derived neuropep(;ells dlspersed throughout the intestinal epithelium '(15—17)._'.I'h|s
tide, thyrotropin-releasing hormone (TRH); the anterior pituitary- °CCUrS Via a local network of TSH hormone synthesis and utiliza-
derived hormone, thyroid-stimulating hormone (TSH); and thetion in which TSH is produced by intestinal enterocytes and is

thyroid-derived hormones (tri-iodothyroxine fTand thyroxine  Utilized by intestinal lymphoid cells (18).
Still to be learned about the systems described above is the 3

nature of hormone communication within the immune system, i.e.,
Department of Biological Science and the Mervin Bovaird Center for Studies inthe specific cells that are involved. the molecular signals used and
Molecular Biology and Biotechnology, University of Tulsa, Tulsa, OK 74104 how they affect the overall immunc;biological process and whether
Received for publication December 13, 1999. Accepted for publication March -, . . . . . ' .
29, 2000. additional intermediate mediators are involved in the delivery of
The costs of publication of this article were defrayed in part by the payment of pagéqormone Slgnals to target Ce_”S and tissues. In the present study, we
charges. This article must therefore be hereby maddxertisemenin accordance  have examined the expression of the TSH receptor (TSHr) on cells
with 18 U.S.C. Section 1734 solely to indicate this fact. of the thymus, spleen, and lymph nodes to better understand the
1 This work was supported by National Institutes of Health Grant DK35566 and by acells of the immune system involved in TSH utilization and to
grant from the Oklahoma Center for the Advancement of Science and Technology. ide inf ti bout th th f TSH diated h
roviae inftormation anou e pathways 0O -meaiate or-
2 Address correspondence and reprint requests to Dr. John R. Klein at his current . . e p Y .
address: Department of Basic Sciences, Dental Branch, University of Texas HealtON€ communication within primary and secondary lymphoid
ilcience C{Trggr, g515 J%hn Freeman Avenue, Houston, TX 77030. E-mail addresissues. Our findings indicate that the TSHr is expressed in a re-
.db.uth.tmc. . . .
! ein@mail db.uth.tme.edu markably selective manner throughout cells of the peripheral im-
Abbreviations used in this paper: HPT, hypothalamus-pituitary-thyroid; TRH, thy . . . . _
rotropin-releasing hormone; TSH, thyroid-stimulating hormone (thyrotropin); TSHr, mun? system. The_ |mpI|cat|9ns of _thls n _the Cont_eXt of neuroen
TSH receptor. docrine homeostatic regulation of immunity are discussed.

T he notion that the immune system and the neuroendocrinéT ,)). With the exception of the direct involvement of HPT hor
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Materials and Methods cells by complement-mediated lysis using anti-CD3 and anti-B220 mAbs.
; Viable cells were collected by centrifugation over 50% Percoll. Dendritic
Mice and reagents cells and lymphocytes were recovered from day 18 fetal mice and day 7
C57BL/6, BALB/c, and CB6E mice used in the study were purchased neonatal mice. Age of fetal mice was determined by checking each morn-
from The Jackson Laboratory (Bar Harbor, ME). Data reported are froming for vaginal plugs in breeding-paired mice; plugged animals were de-

C57BL/6 mice; similar findings were obtained with BALB/c and CB6F fined as fetal day 1.

mice. C.RF-TsHPY"™hypothyroid mice were raised at the University of For in vitro stimulation of T cells, 60-mm petri dishes were coated with

Tulsa from breeding pairs obtained from The Jackson Laboratory. Miceanti-CD3 Ab overnight at 4°C. Media were removed from plates and 5 ml

homozygous for the TSHr mutation were identified by PCR analyses an@f 3 X 10° cells/ml was cultured in RPMI 1640 supplemented with FBS

DNA sequencing across the mutation region. The medullary thyroid car{10% v/v), 100 U/ml penicillin-streptomycin, 2 mitglutamine, and 5<

cinoma mouse (MTC-M) cell line (1806-CRL) was obtained from the 107> M 2-ME (all reagents; Sigma). After 48 h, cells were collected and

American Type Culture Collection (Manassas, VA). Recombinant humarcentrifuged over Ficoll-Paque (Sigma) at 480y for 20 min. Viable cells

TSH was obtained from Sigma (catalogue no. T-4533; St. Louis, MO). from the liquid interface were collected, washed, and stained for flow
cytometry.

Abs and flow cytometry Y Y

Abs used in this study were FITC-labeled anti-GDET-CD8s; Caltag,
South San Francisco, CA), FITC- and PE-labeled anti-CD5 (53-7.3), FITC-A total of 10 X 10° freshly isolated thymocytes, whole spleen cells, frac
labeled anti-CD45RB (23G2), PE-labeled anti-CD4 (RM4-5), PE- andtionated spleen cells, or 3-8 10° MTC-M cells was lysed in detergent
FITC-labeled anti-MHC-II (39-10-8), PE-labeled anti-CD69 (H1.2F3), bi- buffer consisting of 50 mM Tris-HCI (pH 7.4), 150 mM NacCl, 1 mM
otin-labeled anti-CD19 (ID3), PE-labeled anti-CD11c (HL3), biotin-la- EGTA, 1 mM NaF, 1 mM PMSF, Lg/ml aprotinin, leupeptin, and pep-
beled and unlabeled anti-CD11b (MI/70), biotin-labeled and unlabeled antistatin, 1% Nonidet P-40, and 0.25% deoxycholate (all reagents; Sigma).
MHC-II (39-10-8), biotin-labeled anti-TC&38 (H57-597), FITC- and PE-  Precleared lysates were mixed overnight withl0of monoclonal anti-
labeled isotype/species- matched Abs for control staining, anti-CD16/32ZT'SHr Ab (clone 28) (23) (ABR, Golden, CO) at 4°C, followed by glof
for Fc receptor blocking before staining, and PE-streptavidin ( all reagentsprotein A-agarose (Sigma) for 2 h. Precipitates were collected by centrif-
PharMingen, San Diego, CA). Unlabeled anti-Thy-1.2 (J1j.10), anti-CD24ugation, washed, boiled in 2xeducing SDS sample buffer, and electro-
(J11d.2), anti-CD4 (GKL1.5), anti-CD8 (3.155), and anti-MaqMI/70) phoresed through a 10% polyacrylamide gel (Bio-Rad, Hercules, CA). Pro-
(American Type Culture Collection) were used for complement-mediatedeins were transferred electrophoretically to Immuno-Blot polyvinylidene
lysis. Blocking with unlabeled TSH was done by culturingc2L0° freshly difluoride membranes (Bio-Rad), blocked with 3% nonfat dry milk in PBS,
isolated splenic dendritic cells in 1Q0 of supplemented medium with 100 reacted with anti-TSHr mAb (clone 49) (23) (ABR) overnight at 4°C, fol-
wl of 1074, 107°, or 10°® M TSH for 25 min at 4°C. Cells were washed lowed by the addition of biotinylated anti-mouse lg (PharMingen) for 2 h,
and reacted with biotin-labeled recombinant TSH for 25 min at 4°C andand streptavidin-HRP (Amersham, Buckinhamshire, U.K.) for 30 min. En-
analyzed by flow cytometry. hanced chemiluminescence (Amersham) was used for autoradiographic
Recombinant human TSH was biotinylated usMdhydroxysuccinim-  identification of proteins.
idobiotin (Sigma H1759). Thirty-five micrograms of NHS-biotin was )
added to 0.1 mg of recombinant TSH in 3@Dof 0.1 M carbonate buffer ~CAMP and cytokine assays

(pH 9.0) and incubated for 3 h at room temperature. Four microliters of 1

M NH,Cl was added and incubated for 15 min at room temperature. ThéMotaI of 5 X 10° freshly isolated splenic dendritic cells from normal mice

t/hyt i H
reaction was washed twice with PBS in a Micron-10 microconcentratorar.]d C.RFTsHP"™mice were cultured in 1 ml of unsupplemented DMEM

. ; with 1) medium alone, 2) 10/-10° M recombinant TSH, or 3) 10’ M
(Amicon, Beverly, MA) and resuspended in 300f PBS for use. orskolin (Sigma) in the presence of 1 mM 3-isobutyl-1-methylxanthine

Flow cytometric analyses was done using an Epics 751 flow cytometet ) : A .
(Coulter, Hialeah, FL) interfaced to a Cicero data acquisition system (Cy- Sigma), a phosphodiesterase inhibitor. After 15 min, cells were collected,

tomation, Fort Collins, CO). All experiments included cells stained with pelleted by microfuge centrifugation, lysed in 0.1 M HCI, and cAMP ac-

appropriate isotype/species-matched control Abs from which the positiongvIty was assayed using a competitive ELISA,‘ assay (R&D Syste_ms! Min- By
of the cursors were determined as shown in the histograms. neapolis, MN) according to the manufacturer’s protocol. Determination of 2.

cytokine activity was made using commercial cytokine assay kits accord-
Cell isolations, enrichment, and in vitro culture ing to the manufacturer’s protocols (ILB1IL-6, and TNFe, R&D Sys-
tems; IL-12, Genzyme, Cambridge, MA).

Lymphoid cells from the small intestine were isolated as described previ-
ously (19). Single cell suspensions of spleen cells, thymocytes, and lympHctivation of dendritic cells by phagocytosis
node cells were prepared by pressing tissues through a 60-mesh stainless . " ) .
steel screen. Enrichment of splenic T cells and B cells was done using2gocytosis by dendritic cells was done using methods similar to those
published techniques with minor modifications. For T cell enrichment (20),T€Ported by others (24). A total of§ 10° freshly isolated splenic dendritic
spleen cells were incubated with anti-Mae;lanti-CD24, and anti- ce_IIs was cultured for 3 or 9 h in supplemented medium (see cell |so|at|o_ns)
MHC-Il mAbs at 4°C for 30 min, washed, and reacted for 15 min at 37°C With 10 ul of a 10% suspension of FITC-labeled latex beads (Fluoresbrite
with 10% Low-Tox guinea pig complement (Accurate Chemicals, West-Plain YG 1.0 micron microspheres; P_onsuences, Warrington, PA) in the
bury, NY). The complement treatment was repeated and treated cells weRf€Sence or absence of TOM recombinant TSI8. Cells were recovered,
passed through a nylon wool column for depletion of B cells and adherent
cells.

For B cell purification (21), spleen cells were collected and incubated at
1 X 10° cells/10 ml in 100- mm tissue culture plates (Fisher Scientific,
Dallas, TX) at 37°C in 5% C®for 1 h. Nonadherent cells were recovered A B
and erythrocytes were lysed with 0.83% ammonium chloride. Cells were
washed, layered onto a discontinuous gradient of 50, 60, 70, and 809
Percoll (Pharmacia, Uppsala, Sweden), and centrifuged for 20 min a
600 X g. B cells were collected from the 60 to 70% Percoll interface and 540 210- =
residual T cells were removed by treatment with anti-Thy-1.2, anti-CD4,
anti-CD8, and anti-Maat Abs plus complement. Cells were centrifuged 110-] oo ot }TSHr
through a 50—-80% Percoll gradient and cells were recovered from the 61 g3
to 70% interface to obtain the viable B cell-enriched population. "i 1] .

Immunoprecipitation and Western blotting
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Dendritic cell enrichment was done according to the method of Ridge et~ 46— 1gGy 46— - — 1aG
al. (22) with modifications. Briefly, spleens were isolated from 6 to 10 mice L+ e had
and single-cell suspensions were prepared in RPMI 1640 containing 109
FBS. Cells were incubated at a concentration ok 5.0"cells/10 ml for R
1.5 h at 37°C in tissue culture-treated petri dishes (Fisher Scientific). Plate: IGUR,E 1', Immunoprecipitation/Western blot analyses of TSHr from
were gently washed three to five times with warm medium followed by INtraepithelial lymphocyte lysates (A) and whole thymocytes and spleen
PBS to remove nonadherent cells. Adherent cells were then incubated &€!l lysates (B). Precipitated products obtained from the MTC-M murine
37°C overnight in 5 ml of medium containing 5 ng/ml GM-CSF, collected thyroid cell line are shown. Numbers to the left indicate the position of
by rinsing with medium and PBS, and depleted of residual T cells and Bprotein standards markers (kDa).
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_§ s _§ ot FIGURE 3. Immunoprecipitation/Western blot analyses of spleen cell
E |~ E|e fractions enriched for dendritic cells, T cells, and B cells as shown in Fig.
1802 0 . . . .y .
1R 84.1% | £ |o 2. Numbers to the right indicate the position of protein standards (kDa).
] - e = =
< 3 |w ’ 8 |= 9.3%
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© T e e T te | t d lightl ident i | I
MHG > TCRup mocyte lysates and were slightly more evident in spleen cell ly-

sates (Fig. 1B). These findings were consistent in several

FIGURE 2. Phenotypic analyses of whole spleen cells before enrich-jmynoprecipitation experiments using different mouse strains.
ment and after enrichment for T cells, B cells, and dendritic cells. Control

staining by isotype-matched Abs are reflected by quadrant one (lower leftiyyithin the spleen, the TSHr is preferentially expressed on
in two-color histograms and by the inflection mark in one-color histograms.qengritic cells
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Experiments were done to determine whether the TSHr was ex-g
microfuged briefly to remove unicorporated beads, and analyzed by flowpressed at low levels across all spleen cells or whether expression=
cytometry. Because of the difference in the size of cells and beads, exclyyas linked to a particular cell subpopulation. Freshly isolated
sion of residual nonincorporated beads was easily done by gating onto thgy ey cells were enriched for T cells, B cells, and dendritic cells. =.
dendritic cell population. For zymosan activation of dendritic cellss 2 - . ) 3
10° freshly isolated cells were cultured in 2p0of supplemented medium ~ F19- 2 shows the phenotypm profile .Of cells before and after en- 3
with 0.0025% (w/v) zymosan (ICN Pharmaceuticals, Aurora, OH) in the fichment, demonstrating 95.3% enrichment of T cells based on §
presence or absence of TOM recombinant TSI8; supernatants were expression of CD4 and CD8, and 95.2% enrichment of B cells =

o

collected after 18 h and assayed for cytokine activity. based on CD19 expression. In the dendritic cell fraction, 89.4% of

the cells coexpressed CD11b and CD11c; 84.1% of the cells ex-ﬁ
Results . . . . pressed MHC class Il Ags, all of which are markers of splenic @
Immunoprecipitation of TSHr from intestinal lymphoid cells, dendritic cells of the myeloid lineage (28, 29). T cell contamina- 8
thymocytes, and spleen cells tion of the dendritic cell-enriched fraction was10% (Fig. 2); no S
Cell lysates were prepared from lymphoid cells from the smallcontamination by B cells was observed (data not shown). Immu- <
intestine epithelium, from thymocytes, and from erythrocyte-de-noprecipitation/Western blotting analyses of TSHr expression us- E
pleted whole spleen cells. Immunoprecipitation and Western bloing those cells revealed minimal amounts of precipitated TSHr '3_
analyses were done using two anti-TSHr mAbs as described ifrom B cells or T cells even after enrichment. Particularly note- &

Materials and Methods. Precipitation of the TSHr by this tech- worthy, however, was the finding that the TSHr was present at >
nigue was confirmed using MTC-M cells which yielded a 95- to high levels in the dendritic cell fraction when compared with
100-kDa band characteristic of the mature glycosylated receptoequivalent numbers of T cells and B cells (Fig. 3).

protein (25) (Fig. 1). The 65- to 75-kDa band occasionally seen To provide more detailed information about the expression of
may reflect a subunit of the receptor protein (26, 27) or possibljthe TSHr among lymphoid cell subsets, flow cytometric analyses
nonglycosylated TSH receptor from cell lysates. As shown in Fig.were done using biotinylated recombinant TSH with splenic lym-
1A, TSHr-precipitated products were clearly evident in intestinalphocytes and dendritic cells. Shown in FigAdandB, only 2—-3%
lymphoid cell preparations, confirming previous findings that theof the CD4" or CD8" T cells expressed the TSHr at very low
intestine is a site of high levels of TSHr expression (18). By com-density. Similarly, only 2.7% of the total CD19B cells were
parison, TSHr-precipitated products were barely detectable in thyTSHr", although the receptor density on those cells was higher

2202 ‘T€ Jqop0 uoeeyu
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cells. G, Blocking of binding of biotin-labeled
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FIGURE 5. Flow cytometric analyses of TSHr expression on lymph node FIGURE 6. Flow cytometric analyses of TSHr and TGR expression

CD11b" dendritic cells, CD48~ and CD48" T cells, and lymph node  (A) and TSHr and CD3 expression (B) on lymph node T cells. Expression

CD19-enriched B cells and CDSB cells. Note the difference in TSHrex  of TSHr and CD4 or CD8 on lymph node T cells after treatment with

pression on lymph node T cells compared with splenic T cells (Fig. 4).  anti-TSHr Ab in the absence of compleme@t4ndE) and the presence of
complement (DandF).

i_han f(.)tLTC?gS' Furthker ar;a;lgsg cifs celllls Wss done 'r? chonjunc-did not block the reactivity of biotinylated TSH. However, treat-
ion with .55, a marker of the t- cell subgroup WhICh COM- oy of Ap-treated cells with complement eliminated TSHr
prises a minor but significant component of the total splenic B cell .

Fio. 4D). A in Fio. 4E. the TSH d al 1/mph node cells but had no effect on other T cells (Figb@&nd
(Fig. 4D). As seen in Fig. 4E, the I 'was expressead aimos ). These findings, therefore, identify a substantial difference in

exclyswely on EDS B gells, thus indicating that the small pro peripheral T cells based on anatomical compartmentalization in
portion of TSHr™ B cells is part of the general B cell pool and that, lymphoid tissues

overall, the TSHr is not widely expressed on either T cells or B

cells in the spleen. TSHr" lymph node T cells reside within a population of resting
Splenic dendritic cells were enriched as described above, yieldhonmemory cells and are not present until late in development
ing a fraction that was>80% CD11k" and/or CD11¢ cells (data
not shown). Consistent with the findings from the immunoprecipi-
tation experiments, a significant proportion of splenic dendritic
cells (37% of the cells overall and 54.8% of the CD11tells)
were TSHI* (Fig. 4F). Fig. 4Gdemonstrates the capacity of-un
I_?galetd recombinant .T.SH o .blo_ck the bmdlng of biotin-labeled ion in conjunction with CD45RB and CD4 and CD8. CDénd
0 spleen dendritic cells; this occurred in a dose-depende

+ . o !
manner using unlabeled TSH (Fig. 4H). These studies, therefores, DbietTthcaet”Z ii%i,gg?:ésiidr:frtg\;(;rﬂogu'ﬁuogioi (;fD;lgR': non-
point to preferential utilization of TSH by splenic professional u : ' p populall v

- o . memory T cells, and a CD45R® subset believed to reflect mem
APCs and minimal utilization by splenic lymphocytes. ory T cells. As seen in Fig. 7, _TSIilrceIIs were almost exclusively
A subset of lymph node T cells express high levels of the TSHr associated with the CD45RB" subset; few CD45RB" cells

. . . TSHr.
Expression of the TSHr was studied by flow cytometric analysesWere

on lymph node-derived cells in a manner similar to that described
for spleen cells. As shown in Fig. 582% of lymph node dendritic
cells overall expressed the TSHr, further indicating that the pres
ence of the TSH receptor is a feature of most dendritic cells in
peripheral lymphoid tissues. A fascinating finding to emerge from 3
these experiments, however, was the observation that unlike £ -
cells in the spleen, a significant proportion of lymph node T cells £
including both CD4'8~ and CD4 8" cells expressed the TSHrat &
high levels (Fig. 5B andC). The proportional expression of TSHr
expression on lymph node B cells (Fig.[3+F) was similar to that
for splenic B cells; binding of TSH to lymph node T cells was
blocked with unlabeled recombinant TSH (data not shown).

The presence of the TSHr on lymph node T cells was unequiv:
ocally demonstrated by staining for TGR and CD3 in conjunc-
tion with TSHr and in experiments in which cells were treated with
anti-TSHr Ab with or without complement treatment. As seen in [ *e o e W e e
Fig. 6,A andB, ~25% of TCRyf" and CD3" lymph node lym CD45RB TSHr TSHr
phocytes coexpressed the TSHr. Cells reacted with anti-TSHr AGURE 7. Three-color staining for expression of TSHr on
in the absence of complement retained normal staining patternsD4s5RE"" and CD45RE™ T cells. Note that TSHY T cells are exclu
(Fig. 6,C andE), indicating that binding of anti-TSHr Ab to cells sively expressed on the population of CD43FBnonmemory T cells.

o) e /6.10° jounwiw I [mmm//:dny woJ papeojumoq

Three-color flow cytometric analyses were done to determine

whether expression of the TSHr on lymph node T cells was asso-
ciated with a specific lymphocyte subset based on the state of 3
differentiation or according to properties which define functional Z
characteristics. Lymph node cells were stained for TSHr expres- %-
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FIGURE 8. CDG69 and TSHr expression on freshly isolated lymph node

TSH RECEPTOR ON MURINE HEMATOPOIETIC CELLS

A B

120 120
‘E 100 100 |-
° 80 80 |
£
a 60 60
o
E 40 40
S 20 20

0 - R~ 0 7 100 100
0 10° 10" 10 F 0 10 10”10 F
Recombinant TSH (log M) Recombinant TSH (log M)

cells and on splenic T cells 48 h postactivation with anti-CD3 Ab, indi- FIGURE 10. Intracellular cAMP levels in freshly isolated splenic den-
cating that TSHF cells belong to a nonactivated T cell subset and that thedritic cells from C57BL/6 mice and C.RFTSH™t mice cultured for 15
TSHr is not acquired on T cells following activation via the TCR-CD3 min in the absence of TSH, with I6-10"° M TSH or 107 M forskolin.

complex.

Under normal conditions, a small proportion of lymph node T shown). These findings coupled with those described above thus
cells are activated cells based on CD69 expression. To determirigdicate that the TSHr is not associated with immunological mat-
whether the TSHF cells are newly activated cells, lymph node uration during the fetal or neonatal period, further implying a role
lymphocytes were stained for expression of TSHr and CD69. A$n mature hematopoietic cells.
seen in Fig. 8, although-8% of the cells were CD69 the TSHr
was expressed primarily on the CD6%action. This finding was
then further explored in in vitro activation experiments. Splenic T
cells, because of their inherent low levels of TSHr expression,The TSHr is a G protein-coupled receptor which when stimulated
were cultured with anti-CD3 mAb for 48 h; viable cells were col- by TSH results in rapid increases in intracellular cAMP. To de-
lected by centrifugation over Ficoll-Paque and stained for TSHrtermine whether stimulation of the TSHr on dendritic cells results
expression. As seen in Fig. 8, neither CD#or CD8" T cell
lymphoblasts expressed the TSHr after activation. These findingmice were cultured with titrated amounts of recombinant TSH, or
collectively indicate that TSH-responsive T cells reside within awith forskolin, a known inducer of cAMP activity. C.REBhf™Y/"
subset of nonmemory cells and that the TSHr in peripheral lym-mice, which are incapable of delivering a transmembrane signal
phoid tissues is not acquired during activation of cells.

To gain information about the expression of the TSHr duringcontrol dendritic cells. Note that the pattern of TSHr expression on
development, dendritic cells were recovered from the spleens dimmune cells from C.RFTSH'"™" mice is similar to that ob
18-day-old fetal mice (no T cells were present at that time), andserved for normal animals (data not shown). Shown in Fig. 10A,
dendritic cells and lymphocytes were obtained from 7-day-oldafter 15 min of stimulation with TSH, intracellular cAMP levels in
neonatal mice. Interestingly, unlike the phenotypic profile of den-dendritic cells from normal mice were elevated significantly over
dritic cells from adult mouse spleen, the enriched dendritic cellunstimulated cultures in a dose-dependent manner and was ap
fraction from fetal mice consisted primarily of CD11zells, with
few CD11c" cells (Fig. 9. Among those cells, few expressed the ing that the TSHr on murine hematopoietic cells are functionally
TSHr. By day 7 posthirth, there was a slight increase in CD11c active. Stimulation of dendritic cells from C.REh™""'mice, by
cells; however, the proportion of TSHicells remained low (Fig.
9). The number of T cells in the spleen at day 7 made up only about Experiments were done to determine how TSH may be involved
4% of the total cells; few of those cells expressed the TSHr. No Tin the peripheral immune response of dendritic cells. As APCs,
cells were recovered from lymph nodes at that time (data notlendritic cells are known for their phagocytic ability and for their
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FIGURE 9. Expression of CD11c and CD11b on dendritic cells from

TSHr

Data are mean values range for two experiments.

moq

TSH enhances the phagocytic activity and B-dnd IL-12
cytokine activities of dendritic cells

in a cAMP response, freshly isolated dendritic cells from C57BL/6

due to a point mutation in the TSHr (30), were used as source of

proximately two-thirds of that induced by forskolin, thus confirm-

comparison, failed to generate a cAMP signal (FigB)LO

ability to elaborate cytokines used by other cells of the immune
system. Thus, freshly isolated dendritic cells were cultured in the
absence or presence of OM recombinant TSH (31) with FITC-
labeled latex beads to visualize phagocytic activity. Cells were
collected after 3 and 9 h and analyzed by flow cytometry for bead
uptake. As shown in Fig. 11, at both time intervals there was an
increase in the percentage of phagocytic cells when cultured with
TSH compared with nonstimulated cultures, with the most pro-
nounced effect occurring within 3 h of culture. Because at the time
of analyses, an equivalent number of cells was recovered from
both culture groups (data not shown), and because of the short time
of culture, the increase in phagocytosis by TSH-treated dendritic
cells was not due to expansion of a phagocytic cell population but
appears to reflect functional changes of existing dendritic cells. In
these experiments, no detectable changes were observed in the
expression of TSHr on dendritic cells after activation (data not
shown), implying that TSH is involved in the early response of
dendritic cells to Ag.
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the spleen of day 18 fetal mice (A) and day 7 neonatal mice (C). Note the Four dendritic cell cytokines (ILA, IL-6, IL-12, and TNFe)

lower percentage of TSHr expression on cells at that timan@C) com-

pared with adult mice (Figs. 4 and 5).

were measured from supernatants after overnight culture of cells
with zymosan, a known inducer of phagocytic activity (24), in the
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Discussion

The findings reported here provide new information about the
pathways linking immune-endocrine communication by HPT hor-
mones within peripheral lymphoid tissues. Although the TSHr has
been demonstrated to be expressed on some cells of the immune
system as determined from hormone-binding experiments (14, 18,
32-35), the present study compares the presence of the TSHr on
murine lymphoid cells by immunoprecipitation and by multicolor
flow cytometry to precisely characterize subpopulations of TSH-
responsive hematopoietic cells.

The observation of a strong association of TSHr expression with
splenic and lymph node dendritic cells is of interest given the
important role of those cells in immunity as seen by their ability to
influence T cell and B cell activation, to elaborate cytokines used
in the inflammatory response, and to serve as a bridge between th
FIGURE 11. FITC-labeled latex bead uptake by untreated splenic den-adaptive and the innate immune systems (36). This places a large@
dritic cells (AandC) and TSH-treated dendritic cells @hdD) at3h @  proportion of the TSH-responsive cells of the immune system cen-
andB) or 9 h € andD) of in vitro culture. trally within the activation/regulation process. In general, the

TSHr* dendritic cells identified here conform phenotypically to

the myeloid dendritic cell subset based on expression of MHC

class Il and coexpression of CD11c and CD11b (25, 26, 37, 38).
presence or absence of TOM recombinant TSH. Findings from However, a number of additional dendritic cells markers, DEC-
these experiments were particularly noteworthy in that coculture 0po5, 33D1, CDg, ckit, SCA-2, BP-1, and heat-stable Ag, now
dendritic cells with TSH resulted in significant increases in cyto-have been identified. Although information is incomplete regard-
kine activities for IL-18 (221 vs 143 pg/ml) and IL-12 (19, 600 vs  ing the extent to which those markers define discrete dendritic cell
13, 200 pg/ml), but had no immunomodulating effects on IL-6 or sybsets, nonetheless differential expression of those markers has
TNF-a (Fig. 12). Culture of dendritic cells with TSH in the ab- peen linked to tissue-associated dendritic cell populations and to 2
sence of zymosan did not induce cytokine synthesis, indicting tha§ievelopmental differences of dendritic cells defined according to
TSH functions primarily as a costimulatory signal during dendritic myeloid or lymphoid lineages (37—41). Within peripheral lym-
cell activation. These findings CO”eCtiVe'y demonstrate 1) thatph0|d tissues, DEC-205 appears to be expressed on most |ymph
TSH strengthens the overall phagocytic response of dendritic cellgode dendritic cells, but is present on only about half of the total ¢
and 2) that it leads to a selective increase in the production of tW@plenic dendritic cells (37, 38). Conversely, GD8istinguishes
important early acting immune system cytokines. two splenic dendritic cell populations, whereas GOS expressed
on a minor component of lymph node dendritic cells. Although in
the present study the TSHr was expressed on a high proportion on§
both the splenic and lymph node dendritic cells, this was by no =

cell number

@ ! 102 183 it

green fluorescence
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A B means a universal feature given that about 30-50% of the cells did g.-
250 * 25000 not express the TSHr, thus indicating that the TSHr may serve to >
£ 200 ‘—g 20000 - * further delineate and characterize peripheral dendritic cell 33
S 150 - S 15000 subpopulations. o
o o . . . . . . o
= 100 < 10000 - Despite rapidly accumulating information about the phenotypic 5
3 50 2 5000 - nature of dendritic cells, considerably less is known about the 8
0 0. m functional differences which exist between the various dendritic &
¢ T E F E g F £ F E cell subsets. In general, however, professional APCs, including =
s 2 g B 32 S K R r 2 . . . [
s+ + + 3 © 4+ + + 3 dendritic cells, are known to be important for Ag presentation and =
8 8 8 ¢ % 8 88 § * T cell priming, especially for the activation of naive T cells. For &
x * example, compared with the activational requirements of memory ™
8 8 and effector T cells, the involvement of dendritic cells during naive
C 3000 D 1500 T cell activation is particularly critical in terms of the time needed
= 2500 1250 for optimal stimulation. This has been demonstrated in in vitro
% 2000 E 1000 - experiments in which effector T cells can be activated within hours
£ 1500 2 750 of exposure to Ag by APCs, whereas naive T cells require a min-
;; 1000 E 500 - imum of 12 h and possibly up to 30 h (42). The findings reported
= 500 =250 i here of enhanced phagocytic activity of TSH-stimulated dendritic
0 *':'T e r g 0 ':' r £ T E cells places TSH within the very earliest aspects of the immune
§ % .? % § § E .? % § response. Because resting dendritic cells are considerably more
2 g 8 E s 2 9 8 E s phagocytic than activated dendritic cells (43), a finding also borne-
s + out in the present study by the greater degree of phagocytosis at 3 h
8 8 vs 9 h after activation (Fig. 11), the effect of TSH appears to be

FIGURE 12. Cytokine responses for ILA(A), IL-12 (B), TNF« (C) either to prolong the initial state of phagocytosis by dendritic cells
and IL-6 (D) from 18-h zymosan-stimulated splenic dendritic cell cultures. OF t0 promote that response in a subset of otherwise nonphagocytic
Data are mean values SEM of two experimentss, statistically signifi- ~ cells. The involvement of TSH in the regulation of dendritic cell
cant difference (p< 0.05) using Student'stest for unpaired observations. cytokine secretion is likewise noteworthy. For example, IL-1 is
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critically involved in many aspects of both innate and adaptive(57). Additional studies aimed at delineating the participation of
immunity as seen by its ability to induce fever (44) and to serve ad’RH and other peptide mediators can be done using the hormone-
a costimulatory signal for T cells (45). Similarly, IL-12 synergis- responsive cells described here to understand the functional in-
tically enhances the production of other cytokines, in particularvolvement of immune-endocrine interactions on the immune
IFN-v, a T,1 cytokine with immune modulating (46) and antiviral response.

and antibacterial activities (47).

Although the extent to which TSH participates in the immune Acknowledgments

response of TSHr lymph node T cells is not fully evident, TSH
has been shown to influence the cellular composition and func-
tional activities of cells of the immune system in a number of
ways. C.RFTSHP""tmice, which produce but are unable to-uti
lize TSH (30), have increased numbers of peripheral CO4
cells; this appears to be due to low numbers of CRigveloping
thymocytes (48). Interestingly, those animals also have skewe
distributions of thymus-derived CO8T cell subsets in the gut
epithelium (18). This suggests that CD8 cells are particularly
susceptible to the effects of TSH, although additional studies will
be needed to understand the significance of this in the overall con-
text of immunity. °
In mice, hormones, including TSH, have been shown to enhances.
cytokine responses of hematopoietic cells (31, 49) to increase the
cytotoxic activity of NK cells (50) and to serve as a costimulatory
factors for mitogen or IL-2-induced T cell proliferation (50). How-
ever, because in the latter experiments TSH resulted in increases ift
proliferation of only about 25-50%, it appears that the costimula- g
tory effects are directed to a subset of the total T cell population,
most likely the TSHT cells described here for the lymph nodes 10.
and to a lesser extent the spleen. This also would be consistent with
the awareness that signaling by costimulatory molecules such ds-
CD28, as well as the CD4 and CD8 coreceptors, are more critical
for optimal activation of naive T cells than for memory cells (51— 12.
53). In that vein also, it is interesting that distinct patterns of cy-
tokine production exist among T cells as a function of CD45RB
expression, as shown in a study demonstrating th&tdytokines
were produced principally by CD45K® cells, whereas [J1 cy-
tokines were produced by CDA5RE" cells in response to para
sitic infections (54) Experiments are currently underway to examine
the functional differences between TSHT cells in normal C.RF
mice and radiation chimeras made from nonmutant C.RF mice recon-
stituted with bone marrow stem cells from CTRIR™Y™ mice. 17.
The possibility exists that the primary source of TSH for the
immune system is not the pituitary but that it is produced by cellsis.
of the immune system itself or by cells intimately associated with
lymphoid tissues. Mechanisms for this have been proposed (5
and evidence for this has been demonstrated in the intestinal im-
mune system (18) and in studies showing that TSH can be pro?®
duced by human monocytic cells (14). The extent to which TRH is
also involved in the regulation of this response has not been un21.
equivocally determined; however, the TRH precursor peptide
(TRH-Gly) has been reported within the spleen (56). In fact, of 1425
non-neural tissues examined in the latter study, the small intestine
duodenum and the spleen ranked second and third highest in terria
of the concentration of TRH-Gly per milligram of tissue weight
(56). This indicates that under normal conditions metabolically
active TRH can be converted from existing stores of posttransla-
tional TRH-Gly precursors, thus establishing a mechanism for the
rapid secretion of TRH. Still to be understood in this scenario is the?>
precise cell population(s) involved in TRH production, and the
nature of the inductive signal for TRH-Gly conversion to TRH; 26.
i.e., whether it is mediated by external Ag-driven stimuli or
whether signals from the host “feed in” during the early phase of.7.
the immune-endocrine process. Some evidence for an internal sig-
nal currently exists from experiments which demonstrate increased
TRH-Gly levels following thyroid hormone @lor T,) stimulation
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