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H I G H L I G H T S

• Percentages of CD4+ central memory T
cells are increased in e-waste-exposed
children.

• Blood Pb levels are higher in e-waste-
exposed children.

• Blood Pb levels are positively associated
with percentages of CD4+ central mem-
ory T cells.

• Pb exposuremay facilitate development
of CD4+ central T cell memory in
children.
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Chronic exposure to heavy metals could affect cell-mediated immunity. The aim of this study was to explore the
status ofmemory T cell development in preschool children froman e-waste recycling area. Blood lead (Pb) levels,
peripheral T cell subpopulations, and serum levels of cytokines (IL-2/IL-7/IL-15), relevant to generation and
homeostasis of memory T cells were evaluated in preschool children from Guiyu (e-waste-exposed group) and
Haojiang (reference group). The correlations between blood Pb levels and percentages ofmemory T cell subpop-
ulations were also evaluated. Guiyu children had higher blood Pb levels and increased percentages of CD4+ cen-
tralmemory T cells and CD8+ central memory T cells than in the Haojiang group. Moreover, blood Pb levelswere
positively associated with the percentages of CD4+ central memory T cells. In contrast, Pb exposure contributed
marginally in the change of percentages of CD8+ central memory T cells in children. There was no significant
difference in the serum cytokine levels between the e-waste-exposed and reference children. Taken together,
preschool children from an e-waste recycling area suffer from relatively higher levels of Pb exposure, which
might facilitate the development of CD4+ central memory T cells in these children.
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1. Introduction

The amount of e-waste has rapidly increased worldwide in recent
years due to rapid up-grading of electronic products. A sizable amount
of e-waste is transported to developing countries or emerging industri-
alized countries for the recycling of valuable metals, such as copper and
gold. Crude recycling operations result in extensive release of toxicants,
derived from e-waste, into the local environment. For example, Guiyu,
the largest e-waste recycling town in China, has witnessed serious
heavy metal contamination in air, water, soil, plants and sediment
(Alabi et al., 2012; Leung et al., 2008; Wang and Guo, 2006). Higher
levels of heavy metals, such as Pb, cadmium, and chromium, have also
been detected in the blood of local neonatal and preschool children
(Xu et al., 2017) (Dai et al., 2017; Guo et al., 2010; Li et al., 2008; Lin
et al., 2016; Xu et al., 2016; Zhang et al., 2011).

A series of studies suggests that heavy metals can regulate T lympho-
cyte functions. Non-toxic levels of sodium arsenite (As, 0.25–2 μM) can
block human T cell cycling and prevent T cell proliferation and IL-2 ex-
pression following in vitro CD3/CD28 activation (Morzadec et al., 2012),
whereas higher levels of As not only suppress CD4+ and CD8+ T cell pro-
liferation but also reduce the expression of CD25 and CD69 (activation
markers) in both human T cell subtypes (Tenorio and Saavedra, 2005).
Further, As can promote apoptosis of human and murine T lymphocytes
by activation of multiple death-induction pathways (Gupta et al., 2003;
Hossain et al., 2000). In addition to As, cadmium can also promote T cell
apoptosis by induction of oxidative stress, and reduce T cell-specific cyto-
kine release (Grazia Cifone et al., 1989; Pathak and Khandelwal, 2008).
Mercury, however, can stimulate T cell immune responses and promote
autoimmune inflammation (Schiraldi and Monestier, 2009; Shenker et
al., 1998; Shenker et al., 2002; Vas and Monestier, 2008). Pb, another
common environmental pollutant, can alsowidely regulate T cell survival
and function. For example, low levels of Pb directly target CD11c-
enriched antigen-presenting cells to promote antigen-specific CD4+ T
cell proliferation in vitro (Farrer et al., 2005). At concentrations that do
not alter T cell proliferation, Pb can differentially regulate cytokine
production from resting and antigen-activated CD4+ T cells (Shen et al.,
2001). Pb also disrupts protein biosynthesis of interferon gamma (IFN-
γ) in Th1 cells, leading to greater Th2 cytokine production (Heo et al.,
2007). Together, heavy metals, at different concentrations, may exert
multiple regulatory roles on T cell activation, proliferation and effector
function.

In a primary immune response, naïve T cells are activated and differ-
entiate into effector T cells. At the end stage of a primary immune
response, a small fraction of effector T cells will differentiate into mem-
ory T cells (MacLeod et al., 2010). Although the specific mechanisms of
fate choice of central memory T cells vs effector memory T cells are still
under investigation (Chandok and Farber, 2004; Sallusto et al., 2004;
Tuuminen et al., 2007), strong T cell receptor signaling initiated by anti-
gen binding (Williams et al., 2008) and sufficient T cell receptor-antigen
interaction are essential for memory T cell development (Kim et al.,
2013). Moreover, the cytokines such as IL-2, IL-7, and IL-15 also play
an important role in memory T cell differentiation and survival (Jaleco
et al., 2003; Li et al., 2003; Prlic et al., 2002; Seddon et al., 2003). Because
heavy metals such as Pb can affect T cell activation, proliferation and
cytokine secretion, it might also affect memory T cell generation and
homeostasis. Interestingly, a previous study reported a decrease of
CD3+CD45RO+memory T cells in adult workers whowere occupation-
ally exposed to high levels of Pb (Sata et al., 1998). However, data that
evaluate relationship between blood Pb levels and development of
memory T cells is scarce, especially in preschool children. Because pre-
school children have a lower tolerance than adults to environmental
toxicants (Dietert, 2008), and experience rapid maturation of memory
immunity, Pb exposure might disturb the differentiation of memory T
cells in young children. Our previous studies showed that Pb exposure
is associated with lower titers of several types of antibodies in children
from an e-waste recycling area (Lin et al., 2017; Lin et al., 2016; Xu et al.,

2015), suggesting that Pb exposure might affect generation or mainte-
nance of humoral immunity memory in these children. Considering
the role of memory T cells in prevention of infectious diseases in
young children, it is crucial to know the status of memory T cell immu-
nity in children exposed to Pb. In this study, percentages of peripheral
memory T cell subpopulations were investigated in preschool children
from Guiyu, a well-known e-waste recycling area and Haojiang, a refer-
ence area, in China. The relationship between blood Pb levels and per-
centages of peripheral memory T cells was also explored in preschool
children.

2. Materials and methods

2.1. Study population

A cross-sectional study was performed in Guiyu, a large e-waste
crude recycling area, and Haojiang, a reference area in China. Haojiang
was selected as the reference area because there is no e-waste contam-
ination, and the population displays a similar culture, diet, and ethnicity
as in Guiyu (Xu et al., 2015). A total of 118 local kindergarten children
(62 from Guiyu and 56 from Haojiang), from 3 to 7 years old, were re-
cruited in 2014 for flow cytometry analysis, routine blood tests and
evaluation of serum cytokine levels (Table 1). The subjects included in
this studymet the following criteria: 1) no consumption of drugs or an-
tibiotics within 1month before sample collection 2) no absentee record
for flu or other infectious diseases within 1month before sample collec-
tion 3) physically healthy based on the physician examination when
samples were collected and 4) at least one year of residence in the
local areas. Information about each child's age, sex, life style, medical
history, pollutant exposure, and parents' socioeconomic status were
also collected by a detailed questionnaire. All parents and guardians
were fully informed of the study and signed the written consent form.
The study proposal was screened and approved by the Medical Ethnic
Committee of Shantou University Medical College.

Table 1
Baseline characteristics of children in the study.

Variables Reference
(n = 56)

Exposed
(n = 62)

p

Age (years, mean ± SD) 4.58 ± 0.87 5.05 ± 0.55 0.001
Gender, boys/girls, count 33/23 29/33 0.187
Height (cm, mean ± SD) 107.02 ± 7.29 109.29 ± 5.93 0.064
Weight (kg, mean ± SD) 17.80 ± 2.67 17.30 ± 3.25 0.204
Blood Pb levels (μg/dL) (GM ± Slogx) 3.60 ± 0.21 5.06 ± 0.17 0.000

≤5 μg/dL, counts 49/56 32/62 0.000
N5 μg/dL, counts 7/56 30/62 0.000

Leukocyte counts (×109/L)
(mean ± SD)

9.02 ± 2.21 8.68 ± 1.70 0.350

Lymphocyte counts (×109/L)
(mean ± SD)

4.12 ± 1.10 3.73 ± 0.98 0.041

Lymphocytes in leukocyte pool (%)
(mean ± SD)

46.88 ± 10.45 43.21 ± 8.13 0.035

Average monthly income (RMB) [n(%)] 0.002
b1000 0 (0) 2 (3.23)
1000–3000 4 (7.14) 11 (17.74)
3001–5000 35 (62.5) 21 (33.87)
N5000 31 (55.36) 14 (22.58)

Daily cigarette consumption in family
[n(%)]

0.680

Non smoking 0 (0) 7 (11.29)
~10 cigarettes 35 (62.50) 25 (40.32)
~20 cigarettes 17 (30.36) 24 (38.71)
N20 cigarettes 4 (7.14) 6 (9.68)

Length of residence (years) [median (IQR)] 3 (2.86–3) 3 (3–3) 0.272
Infection, asthma, allergy in recent three
months

12/56 16/62 0.577

GM: Geomatricmean; Slogx:standard deviation of the log-transformed variable; IQR, inter-
quartile range. p b 0.05 was considered as statistically significant.
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