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Abstract:

Objective  To investigate the effects of toluene diisocyanate (TDI) exposure on lymphocyte subsets in peripheral blood of
workers and explore the immunotoxicity of TDI.

Methods In this cross-sectional study, we recruited 53 TDI exposed workers and 55 non-TDI exposed workers by cluster
sampling in Gansu Province. The concentration of TDI in working environment and the concentration of urinary toluenediamine (TDA)
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in workers were measured by gas chromatography. The lymphocyte subsets in peripheral blood were analyzed by flow cytometry.
Combined with lymphocyte count measured by automatic blood analyzer, major lymphocyte subsets were calculated including CD3*T
cells, CD4'T cells, CD8'T cells, B cells, and NK cells.

Results  The median (P2s-Pss) of total urinary TDA was 15.86 (7.91-29.99) ug/L in the TDI exposed workers. The lymphocyte,
CD3'T cell, CD4'T cell, CD8'T cell, B cell, and NK cell counts in the control group were 1.80 (1.40-2.30)x 10°/L, (1.24+ 0.35)x
10°/L, 0.65 (0.53-0.75)x 10°%L, 0.47 (0.35-0.57)x 10%/L, 0.18 (0.13-0.23)x 10°L, and 0.23 (0.19-0.31)x 10%L, respectively. The
lymphocyte, CD8'T cell, and NK cell counts in the TDI exposed workers were 1.92 (1.59-2.46)x 10°%L, 0.54 (0.40-0.67)x 10%L, and 0.45
(0.35-0.61)x 10%L, respectively, which were higher than those in the control group (P<0.05). We classified the exposed workers into
two groups by the median of total urinary TDA levels: The counts of lymphocytes, CD3'T cells, CD4'T cells, CD8T cells, and NK cells
in the low exposure group were 2.13 (1.84-2.45)x 10%/L, (1.42+ 0.34)x 10°L, 0.70 (0.58-0.83)x 10°L, 0.60 (0.53-0.69)x 10°/L, and
0.48 (0.33-0.64)x 10°/L, respectively, and were significantly higher than those in the control group (P<0.05); The count of NK cells was
0.43 (0.32-0.55)x 10°%/L in the high exposure group, higher than that in the control group (P<0.05). However, no difference was found
between the low and high exposure groups (P>0.05). Working years and the change of lymphocyte subsets were not associated (P>0.05).

Conclusion  TDI exposure could cause the change of lymphocyte subsets in peripheral blood of occupationally exposed workers,
implying potential impacts of TDI on immunological functions.
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Table 1 General characteristics and urinary TDI metabolites of
A CD3-FITC CD8-PE CD45-PerCP  CD4-APC selected workers
B CD3-FITC CD16+56-PE n=55 TDI n=53
Characteristics Control group ~ TDI exposure group Test value
CD45-PerCP  CD19-APC
Age years 35.25+ 8.45 36.19+ 8.60 0.569* 0.570
15min 1x FACS BMI kg/m? 23.48+ 254 2252+ 267  -1914° 0.058
300 p‘|_ 15 min Smoking 1.329° 0.249
. Yes 39 32
BD FACSCalibur
No 16 21
MultiSET Drinking 1582° 0.208
Yes 32 37
No 23 16
L = 109L x
TDA g/l
% Urinary TDA
17 2 4TDA — 10.52 0.31~28.13 — —
' 2 6-TDA — 2.82 1.64~5.66 S —
SPSS 19.0 TDA — 15.86 7.91~29.99 — —
Xt s Working years — 8.50 3.75~19.00 — —
Student’s ¢ a t b 7
Note a Testvalueist b Testvalue is y*
25 75 M Py~Prs
2.2
BMI 2 TDI CD8'T
Spearman NK
6.67% 14.89% 95.65%
0=0.05 P<0.05
2
Table 2 Peripheral blood lymphocyte subsets between control group and exposure group
10°/L n=55 DI n=53 Ln n=55 DI Ln n=53 % "
Cell Control group Exposure group Control group Ln Exporure group Ln Percentage change
Lymphocyte M Pys~Pss 1.80 1.40~2.30 1.92 1.59~2.46 0.55+ 0.27 0.68+ 0.27 6.67 0.005
CD3'T CD3'Tcell xt s 1.24+ 0.35 1.32+ 0.44 — — 6.45 0.208
CD4'T CD4'T cell M Pys~Prs 0.65 0.53~0.75 0.66 0.54~0.85 -0.47+ 0.31 -0.37+ 0.32 1.54 0.087
CD8'T CD8'Tcell M Pyx~Prs 0.47 0.35~0.57 0.54 0.40~0.67 -0.79+ 0.41 -0.65+ 0.46 14.89 0.041
B Beell M Px~Prs 0.18 0.13-0.23 0.21 0.13~0.26 2.27+ 0.41 2.27+ 0.50 16.67 0.941
NK NK cell M Pxs~Prs 0.23 0.19~0.31 0.45 0.35~0.61 -1.44+ 0.58 -0.80+ 0.46 95.65 <0.001
* BMI

Note Percentage change is calculated as the difference of cell counts between the exposure group and the control group divided by the cell count of the control

group. = Age BMI drinking and smoking are adjusted.
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Table 3 Effects of urinary TDI metabolites on peripheral blood lymphocyte subsets
10°/L n=55 n=23 n=23 1 2
Cell Control group Low exposure group High exposure group Percentage changel % Percentage change 2 %
Lymphocyte M Px~Pss 1.80 1.40~2.30 2.13 1.84~2.45 ™ 1.92 1.54~2.47 18.33 6.67
CD3'T CD3'Tcell xt s 1.24+ 0.35 1.42+ 0.34" 1.28+ 0.53 14.52 3.23
CD4'T CD4'T cell M Pys~Prs 0.65 0.53~0.75 0.70 0.58~0.83 * 0.65 0.49~0.98 7.69 0
CD8'T CD8'Tcell M Px~Prs 0.47 0.35~0.57 0.60 0.53~0.69 ** 0.46 0.35~0.64 27.66 -2.13
B Bcell M Px~Prs 0.18 0.13~0.23 0.22 0.16~0.33 0.19 0.12~0.25 22.22 5.56
NK NKcell M Px~Prs 0.23 0.19~0.31 0.48 0.33~0.64 ™ 0.43 0.32~0.55 ** 108.70 86.96
* P<0.05 ** P<0.01 BMI 1 2
Note Compared with the control group * P<0.05 =** P<0.01. Age BMI drinking and smoking are adjusted. Percentage change 1 is calculated as

the difference of cell counts between the low exposure group and the control group divided by the cell count of the control group. Percentage change 2 is

calculated as the difference of cell counts between the high exposure group and the control group divided by the cell count of the control group.

4 TDI
Table 4 Effects of TDI related working years on peripheral blood lymphocyte subsets
10°L n=55 n=27 n=2 ! 2 3
Cell Control group  Short-time exposure group Long-time exposure group Percenta%;)changel Percentagizchangez Percentagizchanges
Lymphocyte M Pas~Pss 1.80 1.40~2.30 213 157~250 * 1.89 1.65~2.44 * 18.33 5.00 -11.27
CD3'T CD3'Tcell Xt s 1.24+ 0.35 1.28+ 0.46 1.37+ 0.42 3.23 10.48 7.03
CD4'T CD4'Tcell M Px~Pxs  0.65 0.53~0.75 0.61 0.53-0.85 0.69 0.55~0.85 -6.15 6.15 13.11
CD8'T CD8'Tcell M Pyx~Ps  0.47 0.35~0.57 0.52 0.41~0.67 0.58 0.36~0.68 * 10.64 23.40 11.54
B Beell M Px~Prs 0.18 0.13~0.23 0.16 0.11~0.24 0.23 0.15~0.28 -11.11 27.78 43.75
NK NK cell M Pyx~Ps 0.23 0.19~0.31 0.45 0.39~0.60 ™ 0.44 0.29~0.62 ™ 95.65 91.30 -2.22
* P<0.05 =** P<0.01 BMI 1 2
3
Note Compared with the control group * P<0.05 =+ P<0.01. BMI drinking and smoking are adjusted. Percentage change 1 is calculated as the

difference of cell counts between the short-time exposure group and the control group divided by the cell count of the control group. Percentage change
2 is calculated as the difference of cell counts between the long-time exposure group and the control group divided by the cell count of the control group.
Percentage change 3 is calculated as the difference of cell counts between the long-time exposure group and the short-time group divided by the cell count
of the short-time exposure group.
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