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Introduction 
The CD44 transmembrane glycoproteins exist as a slandard form (CD44s) and as numerous variant isoforms 
(CD44v), generated by differential splicing. CD44 has been implicated in cell-cell and cell-matrix interacti­
ons, in particular in lymphocyte homing, cell migration, and tumor metastasis''^. Also, CD44 has been 
described as one of the pivotal mediators for both homing to the thymus and between pre-T cells and the 
thymic microenvironmenf'". Recent studies on T cell developmenl wilh CD44 variant-specific antibodies 
revealed the importance of CD44 variant isofonns containing exons v6 and v7'. 
Very little is known aboul thymocyte emigration. Emigration could be eiiher stochastic, or, altematively, a 
signal-dependent event*''. We had observed an Ah-receptor (AhR) dependent CD44 upregulation on thy­
mocyte subpopulations in mouse fetal thymus organ cultures (FTOC) exposed lo dioxins and chlorinated 
biphenyls. Also, we observed differing frequencies of certain thymocyte subpopulations found outside the 
thymus lobe after exposure. Based on the observation that the frequency of CD44-expressing cells is 
upregulated on very immature CD4"CD8" (DN) thymocytes by TCDD and TCB freatment*, we have analyzed 
the differential expression of CD44v isofonns of TCDD/TCB-treated fetal thymocytes and thymic emigrants. 
Methods and Materials 
Thymi from dioxin-sensitive C57BL/6 fetuses of day 15 of gestation were cultivated in the presence or 
absence of lOmM 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) under conditions which mimick in vivo 
development. CD4/CD8 surface marker bearing cells can be detected outside of organ-cultured fetal thymus 
lobes after several days. These cells were collected in PBS. They are referred lo here as thymus emigrants. 
Afterwards, the lobes were lifted off the filter single cell suspensions were prepared. Both cell populations 
(emigrants and thymocytes) were counted and stained for FACScan analysis. Also, RNA from sorted 
subpopulations was prepared and RT-PCRs performed. Calibrated cDNA samples were tested for CD44 
isoforms by southern-blotting with probes specific for the ten isoforms. 
Results and Discussion 
Fetal thymus lobes of gestation day 15 were organ-cultured for five or six days with or without 10 nM 
TCDD. Thymocytes and thymus emigrants were collected, stained with anti-CD4 and anti-CD8 antibodies, 
and analyzed flow-cytometrically. After six days of organ cullure with TCDD the normal distribution pattem 
for tiiymocyle subsets had changed: only 40 % of CD4+CD8-)- and 20 % of CD4-CD8- were found (no 
TCDD: 60% and 15%). Al 40%, CD4-CD8-f were significantly more abundant after TCDD freatment 
(p<0.001). Moreover, when TCDD was added to the cultures, the otherwise equal subset patiem changed 
between inner thymocytes and emigrants. Now more CD4-CD8- cells (about 60 %) were found as emigrants, 
at the same time the frequency of emigrant CD4-fCD8-(- cells was decreased lo 20 % (p<0.001) Overall 
TCDD decreased the number of emigrants. Whereas in unexposed thymi aboul 10% of cells were found as 
emigrants, in TCDD-freated lobes this number dropped to 3%, i.e. eiiher emigration itself or the survival of 
emigrated cells is impaired. 
CD44 is known as one of the markers of hematopoietic precursor cells, populating the thymus'''. After six 
days of FTOC plus TCDD, more than 50 % of all emigrants expressed pan-CD44 wilh high density 
(CD44'"*'') compared lo only 8 % of confrol emigrants. In addition, 20 % of CD44 intermediate-densily-
expressing cells (CD44'"') were found in emigrants from TCDD-freated cultures, compared to 12 % in the 
confrols. Mosl of these cells derived from TCDD-treated FTOCs expressing CD44 belong to the CD4-CD8-

ORGANOHALOGEN COMPOUNDS 
Vol. 49 (2000) 54 



IMMUNOTOXICITY OF DIOXINS AND POPS 

subset Interestingly, CD4-(- and CDS-t- single positive and double positive emigrant subpopulations which are 
mainly CD44"''°* in vivo continued to express CD44 upon TCDD freatment, but to a lesser extent than CD4-
CD8- emigrants. In absolute cell numbers this result was even more sfriking. Only CD4-CD8-CD44'"*'' cell 
numbers were found outside of the thymus lobes in equally high numbers as inside, all other subsets 
decreased drastically. 
Ten variant exons of the complete CD44 gene may be used in dift'erent combinations in the final RNA 
product flanked by the standard exons. Different biological functions have been ascribed to different 
isoforms. We used anli-CD44v6, anti-CD44v7 and anti-CD44vl0-antibodies to differentiate between pan-
CD44 and specific variant isoforms on the cell surface of fetal thymus emigrants exposed to TCDD. Taken 
together, tiie data shows that the TCDD-induced increase of expression of CD44 on CD4-CD8- emigrants 
described above is due lo the presence of CD44vlO containing isoforms. After six days of FTOC, almost 80 
% of CD4-CD8- thymic emigrants expressed CD44vl0 on their cell surface (see Table 1). CD4''̂  and 
CD4-t-CD8+ emigrants expressing CD44vlO were also increased from about 2 % to 38 % and 21 %, 
respectively, in TCDD-freated cultures. In contrast, no change in CD44vlO expression was found in CD8-I-
emigrants. Because the bulk of thymic emigrants from TCDD-freated FTOC were CD4-CD8- and mosl of 
them expressed CD44vlO but nol CD44v7, TCDD seems lo induce in particular all the isofonns conlaining 
this particular exon product. 

Table 1 
CD44v7 and CD44vlO expression on thymic emigrants in FTOC exposed to 10 nM TCDD' 

confrol 

TCDD 

CD4^ 

2%'' 

9% 

CD44v7 

DP 

3% 

18% 

DN 

3% 

3% 

CD8' 

4% 

8% 

CD4^ 

2% 

38% 

CD44vlO 

DP 

2% 

21% 

DN 

37% 

77% 

CD8* 

20% 

19% 

Thymus lobes were organ cultured for six days with either 10 nM TCDD or 1,4-dioxane alone. Thymic 
emigrants were stained with anti-CD4, anli-CD8, and anti-CD44v7 or anti-CD44vl0, and analyzed flow-
cytometrically. Results are from one represantative experiment ''Numbers represent percentage of CD44v 
positive cells 

In order to analyze the composition of CD44v isoforms in Uiymocytes and emigrants, we amplified CD44 
cDNAs from sorted thymocyte subpopulations by PCR. Subsequently the amplified fragments were detected 
with radiolabeled variant exon-specific probes. We found that CD4-CD8- emigrant populations express at a 
higher level and more numerous CD44 variant exons, either singly or in combination with neighbouring 
exons after TCDD freatment (see Table 2). Expression level is higher than in confrols. The expression of 
isoforms containing the variant exon vlO is conspicuously elevated in exposed cells. Like cell surface 
expression of CD44vl0, i.e. the CD44 isoform which contains only the variant exon vlO, appeareuice of 
CD44v mRNA witii addilional variant exons is enhanced by TCDD (Fig ) Interestingly, also more CD44s 
RNA was delected in CD4-CD8- emigrants in TCDD-freated FTOCs compared to confrols. The increase of 
CD44v7 in DP cells seen by flow-cytomelry (Table II) could not be detected in this experimeni due to the 
low amount of cDNA available for tiie less abundant DP cells in TCDD-freated culttires. 
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Table 2 
Experiment A 

Thymocytes Emigrants 
Experiment B 

Thymocytes Emigrants 

Exon Confrol TCDD Confrol TCDD Control TCB Confrol TCB 

vl 
v2 
v3 
v4 
v5 
v6 
v7 
v8 
v9 
vlO 

v7-vl0 
v8-vl0 
v9-vl0 

-1+ 
+ 

+ 

• ¥ 

-1-

•1+ 

Thymocytes were organ-cultured for six days with 10 nM TCDD, 3.3 nM TCB or 0.1 % dioxane, 
respectively. Emigrants and thymocytes were collected, stained wilh anti-CD4''^, anti-CD8^'° and TRI­
COLOR® , and DN cells were isolated. After preparation ofthe cDNA oftiie DN cells, RT-PCRs witii CD44-
specific primers were perfonned Southem blots were hybridized wilh CD44vl to CD44vlO-specific probes. -
/+ very weak expression; -i- weak expression; -H- sfrong expression; -HH- very sfrong expression. 

Conclusions 
Thymus atrophy is a hallmark of TCDD exposure. We and others have previously ascribed tiie tiiymus 
atrophy caused by TCDD, TCB, and other Ah-receplor ligands to changes in tiiymocyte proliferation and 
differentiation'''"'"''^. Another possibility is a changed/enhanced emigration of thymocytes. We analyze 
here whetiier TCDD induces distinct isoforms of CD44 on tiiymocyte subsets and whether, in conelation 
with this, also the emigration of tiiymocytes or thymocyte subsets mighl be affected by xenobiotic 
overstimulation ofthe Ah-receptor. 
CD44 is found on lymphoid, myeloid, epithelial and endothelial cells. CD44 is a homing recepior for tiie 
thymus''. Moreover, CD44-deficient mice appear to have an impaired progenitor egress from the bone 
manow'^, pointing to a role of CD44 in cell migration. Functionally, CD44 can mediate both cell 
attachment and motility, often by virtue ofits hyaluronan binding capacity'"'". The variant isoforms appear 
to differentially sequester these general properties of CD44, for instance, a number of metastatic responses 
with variant-correlated migration pattems have been observed". 
We used FTOCs as a model to explore the effects of TCDD on tiiymocyte emigration. In the confrol 
cultures, we found about one tenth of the number of the inside tiiymocytes on the outside. In TCDD-
exposed thymi, emigrant numbers dropped to only 3% of cell number inside. At present, we cannot 
distinguish whetiier die observed effects are due lo (a) inhibited emigration, (b) a changed survival rate of 
emigrants, or (c) a changed proliferation capacity of emigrated cells by TCDD. Further studies, e.g. BrdU 
labeling experiments, are needed lo clarify these issues. Strikingly though, CD4-CD8- cells were found not 
to be affected as much as tiie other subsets. Thus the most immature tiiymocytes from which all die other 
thymocytes are eventually generated, appear as the major population of emigrants. 
In our model syslem of FTOC plus TCDD a higher percentage and also number of CD4-CD8- emigrants 
expressed CD44'''*'' on tiieir surface. Gene modulation by the TCDD/Ah-receptor complex has been 
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demonstrated for a variety of genes involved in cell proliferation and differentiation. Some cytokines, e.g. 
IL-16, lL-2, TNFa, and TGFB3 mRNA are inducible by TCDD. TGFC inhibits proliferation and 
differentiation of CD4-CD8- thymocytes, which then might accumulate". TNFa has been shown to 
activate the franscriptional activity of CD44 variant isoforms'^ It is currently unknown how the different 
CD44 isoforms might be regulated. 
CD44 variant isofonns were differentially upregulated on emigrants in the presence ofTCDD. CD44v are 
markers of immature cells and are mosl likely involved in cell-cell and cell-matrix interactions. Thus, it will 
be interesting to further analyze the consequences ofthe upregulation of specific isofonns ofa gene (CD44) 
that assumes different roles in T-cell developmental stages and their respective functions. 
CD44vlO, which was highly abundanl on TCDD freated thymocytes, has been suggested to be involved in 
cell migration, for instance by acting as T cell target stracture for chemokines provided by the contacted 
cell partner". It is tempting to speculate that TCDD/TCB-induced expression or - respectively - the lack of 
downregulation of CD44vlO-conlaining isoforms could be the reason for an enhanced emigration of CD44-
posilive DN thymocytes. Likewise, the role of CD44 isoforms in tumor metastasis and its possible 
connection to the proposed effecl of TCDD as a tumor promotor mighl prove an interesting line of 
experimentation. 

Acknowledgement 
We thank Swanlje Steinwachs and Viviane Anquez for expert technical help, and Christoph GOttlinger, 
University of Cologne, for help wilh the cell sorter. This work was supported tiirough SFB 503 "Cellular 
and Molecular Mediators of Exogenous Noxes" Projecl C5. The Basel Institute for Immunology was 
founded and is supported by F. Hoffmann-La Roche, Inc., Basel, Switzerland. 

References 
1. GUnthert U. (1993) Cun Top Microbiol Immunol 184, 47-63. 
2. Haynes BF, Telen MJ, Hale LP, Denning SM. (1989) Immunol Today 10, 423-428. 
3. Wu L, Kincade PW, Shortman K. (1993) Immunol Le« 38, 69-75. 
4. Wada K, Kina T, Kawamoto H, Kondo M, Katsura Y. (1996) Cell Immunol 170, 11-19. 
5. Schwarzler C. (1997) PhD thesis , University of Salzburg, Ausfria 
6. Scollay R, Godfrey DL. (1995) Immunol today 16,268-273. 
7. Gabon ML, Godfrey DL, Scollay R. (1997) Eur J Immunol 27; 2010-2015. 
8. Esser C, Welzel M. (1993) Inl J Immunopharmacol 15, 841-852. 
9. Shortman K, Wu L. (1996) Annu Rev Immunol 14,29-47. 
10. Lai ZW, Kremer J, Gleichmann E, Esser C. (1994) Scand J Immunol 39, 480-488. 
11. Kremer J, Gleichmann E, Esser C. (1994) J Immunol 153, 2778-2786. 
12. Kamatii AB, Nagarkatti PS, Nagarkatti M. (1998) Toxicol Appl Pharmacol 150, 117-124. 
13. Schmits R, Filmus J, Gerwin N, Senaldi G, Kiefer F, Kundig T, Wakeham A, Shahinian A, Cazavelos 
C, Rak J, Zakarian A, Simard JJ, Ohashi PS, Paige CJ, Gutierrez-Ramos JC, Mak TW. (1997) Blood 90, 
2217-2233. 
14. Henlich P, ZOller M, Pals ST, Ponta C. (1993) Immunol Today 14, 395-399. 
15. Lesley J, Hyman R, Kincade PW. (1993) Adv Immunol 54, 271-335. 
16. GUnthert U, Stauder R, Mayer B, Terpc HJ, Finke L, Friedrichs K. (1995) Cancer Surv 24, 19-42. 
17. Plum J, De Smedl M, Leclercq G, Vandckcrckhove B. (1995) J Immunol 154, 5789-5798. 
18. Mackay CR, Terpe HJ, Stauder R, Marston WL, Stark H, GUnthert U. (1994) J Cell Biol 124, 71-82. 
19. ROsel M, Seller S, ZOller M. (1997) J Cell Physiol 171, 307-317. 

ORGANOHALOGEN COMPOUNDS 
VoL 49 (2000) 57 


