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Effect of perinatal exposure to the flame-retardant tetrabromobisphenol A
on the developing immune system of rats

Ryosuke Nakamura®, Akiko Hachisuka, Yuji Sato, Rika Nakamura, Makoto Shibutani®,
Jun-ichi Sawada, and Reiko Teshima

Tetrabromobisphenol A (TBBPA) is very popular flame retardant, that is often used as an industrial
laminate for printed circuit boards. TBBPA is widely detected in the environment and is known to be
transferred from dams to fetuses and offspring through the placenta and milk, respectively. Recent
studies have also shown that TBBPA might modulate the thyroid hormone axis; however, the relation
between the perinatal exposure of dams to TBBPA and the developing immune system of offspring
has not yet been investigated. Here, we exposed maternal rats to TBBPA (0, 100, 1000, and 10000
ppm) in their diet beginning on gestational day 10. The exposure of the offspring was ceased by
weaning at postnatal week (PNW) 3, and the subpopulational changes in the immune cells of the
offspring were analyzed by flowcytometry at PNW3 and PNW11. The T3 hormone levels of the
offspring were slightly decreased from 1.31 ng/ml to 1.13 ng/ml when their mother was exposed to 100
ppm TBBPA. We found that perinatal exposure to a high-dose (> 1000 ppm) of TBBPA caused a
decrease in T cells and increases in regulatory T cells and NK cells in the spleens of the offspring at
PNWI11. We also found that increases in T cells and Treg cells in the peripheral blood at PNW11.
However, body weight, immune-related organ weight, and the production of an antibody against KLH

was not affected by exposure to TBBPA.

Keywords: brominated flame retardant, tetrabromobisphenol A, developing immune system, T cell
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Fig. 1 Structure of TBBPA
a, TBBPA (CAS#79-94-7), b, triiodothyronine (thyroid hormone
T3), c, thyroxine (thyroid hormone T4)
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Fig. 2 Effect of perinatal exposure of dams to TBBPA on the
body weight and the immune-related organs weight of offspring
Dams were fed ad [ib TBBPA-containing diet from GD10 to
PNW3. The body weight (a, b), spleen weight (c, d), and thymus
weight (e, f) of the male offspring at PNW3 and PNW11, respectively.
Means (n=10) = SD are shown. There was no significant difference
(Dunnett, p>0.05).
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Table 1 Effect of TBBPA exposure of dams on the serological parameters of the offspring

Several serological parameters of the male offspring whose mother was exposed to TBBPA from GD10 to PNW3 were analyzed at PNW3
and PNW11. T3, triiodothyronine; T4, thyroxine; TSH, thyroid stimulating hormone; A/G ratio, albumin/globulin ratio; albumin, total
albumin. Values are mean * SD(n=10). ** Significantly different from the controls by Dunnett's test or Dunnett-type rank-sum test

(*p<0.01).
TBBPA (ppm) 0 100 1000 10000
PNW 3
T3 (ng/ml) 1.31+012 113+0.12" 1.15+0.08* 120+013
T4 (pg/d) 4.86+0.50 4.66 +0.64 485+043 512%052
TSH (ng/ml) 709+1.32 6.68 +2.51 6.17+1.78 545=0.56
A/G ratio 261034 2.31+0.56 219%037 259%0.39
albumin (g/dl) 351%0.17 355%0.25 355%0.16 3.58=0.08
PNW 11
T3 (ng/ml) 0.89+0.08 0.89+0.05 0.92+0.08 0.87=0.04
T4 (peg/dl) 477%0.53 511+0.93 5.03+0.40 449 +0.80
TSH (ng/ml) 7.12+2.06 7.19+223 6.72+1.90 6.23+1.62
A/G ratio 207=031 1.81+0.23 1.89+0.21 1.74+035
albumin (g/dl) 418%0.15 407+0.14 410+0.12 413%0.29
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Fig. 3 Effect of TBBPA on the antibody production of the
offspring

The TBBPA-exposed female offspring were challanged with 25
ng of KLH twice after ceasing exposure (n = 7). ELISA study
showed that the antibody titer against KLH of a few subjects
was decreased in the highest-dose (10000 ppm) group, however,
there was not statistically significant difference (Kruskal-Wallis,
p>0.05). Open circles, anti-KLH titer of individual offspring;
horizontal bars, median of each group.
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Table 2 Subpopulational changes of immune cells in the spleen, thymus and peripheral blood of TBBPA-treated offspring

TBBPA (ppm) 0 100 1000 10000 0 100 1000 10000
T cell subpopulations

Spleen PNW3 PNWI11 Note
CD8a" CD4" 1498+243 1225+161* 1259+308 11.34+241| 213032 326+086 503+111" 6.76+2.66™ |DP cell
CD3" CD4" 628+157 468=086* 627+253 4.67+153 [2026+334 1990+467 923+163" 1154=127"|CD4 T cel
Activation of T/B cells

Spleen PNW3 PNWI11 Note
CD3" CD71" 020008 031+016 023+007 046+022" | 026007 034006 144+071" 177=051" |active T cell
CD3' CD71° 1548+3.08 1691+£399 1443+357 17.30+365 |42.74+391 4241+877 2616+6.13 26.93+240™ |inactive T cell
CD71" CD45RA" | 094+056 123+056 114054 177103 | 073+31 088+023 357+1.39™ 4.89=0.79" |active B cell
CD3" CD45RA™ | 1479+306 1627+383 1367343 1620+321 [3961+397 37.94+822 19.05+564™ 21.29+187" [T cell

Thymus PNW3 PNW11 Note

CD71” CD45RA" | 007+005 009004 011+007 024*030* | 035014 038+0.15 081+026* 1.10+0.72* |inactive B cell
CD3™ CD45RA™ | 0.07+005 009+003 009004 015+0.13* | 0.28+013 029+011 074031 0.94=062" |B cell
Peripheral Blood PNW3 PNWI11 Note
CD3" CD71" 955+371 1218+446 11.69+363 1537+382" | 066019 050+036 1.37+0.29™ 140%0.23" |active T cell
CD3' CD71~ 26.28+518 2646*565 26.62+593 2930475 |44.02+249 4429+1086 50.28=597 5397+6.11" |inactive T cell
CD71" CD45RA" | 1345+358 14.81+391 1457+422 1568+344 | 066016 076+0.15 124+034* 1.11+0.13" |active B cell
CD3" CD45RA™ | 3517+7.77 3794+894 3764+804 4421+757 |4392+259 4411+11.14 5068+616 5456=+6.17"|T cell
Treg, NK, CDANKT cells

Spleen PNW3 PNWI11 Note
CD4" CD25" 152+023 156+0.38 141+030 148+026 | 370+047 389+049 6.18=089" 6.70+0.94" | Treg
NKRPIA" CD4" | 305+073 318*054 256*082 275+071 |548+177 646+125 1244*277* 1389%294* | CDINKT
NKRPIA"CD4™ | 502+062 534109 498+090 503+080 | 553+081 491+1.19 11.78+246" 1322+250* | NK

Thymus PNW3 PNWI11 Note

NKRPIA" CD4" | 018+007 017007 015+006 013+006 | 191075 227+046 048+0.20* 0.65=0.35* | CDANKT
Peripheral Blood PNW3 PNW11 Note
CD4" CD25° 128+30  1.72+042 198+0.64* 159+045 | 1.83+037 1.72+028 247+0.23" 243+041" | Treg
NKRPIA"CD4™ | 707+187 653=317 895+451 533+406 [1355+275 964+1.92" 1271+226 1299+231 |CD4NKT

Values are mean =SD in percentage gated. *»<0.05, **»<0.01, Dunnett test (n=10).
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