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Abstract
Though symptoms of allergic diseases can be reduced 
by the use of drugs such as corticosteroids, antihista-
mines or leukotrien antagonists, the only treatment di-
rected to change the natural course of allergic disease 
is allergen-specific immunotherapy (SIT). Its efficacy 
can last years after the cessassion of the treatment. 
SIT brings on regulatory T cells with the capacity to 
generate interleukin-10 and transforming growth fac-
tor-b, restricts activation of mast cells and basophils, 
and shifts antibody isotype from IgE to the noninflam-
matory type immunoglobulin G4. Subcutaneous (SCIT) 
and sublingual (SLIT) immunotherapy are the two most 
used ways at the present for applying SIT. These two 
treatments were demonstrated to be effective on re-
ducing symptoms and medication use, in prevention of 
new sensitizations and in protecting from progression 
of rhinitis to asthma. The safety of SLIT appears to be 
better than SCIT although there have been a few head 
to head comparisons. In order to overcome compliance 
problems or possible systemic side effects which may 

be faced during this long-term treatment, recent inves-
tigations have been focused on the implementation of 
allergens in quite efficacious and safer ways.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Asthma; Efficacy; Rhinitis; Safety; Subcuta-
neous immunotherapy; Sublingual immunotherapy

Core tip: Specific allergen immunotherapy is the unique 
treatment method capable of changing the natural 
course of allergic disease. Both Subcutaneous (SCIT) 
and sublingual (SLIT) may act as efficient treatment 
options in patients with allergic rhinoconjunctivitis and 
asthma. In this paper, we reviewed clinical efficacy and 
safety of both SCIT and SLIT in allergic respiratory dis-
eases by discussing recent studies.

Yukselen A, Kendirli SG. Subcutaneous and sublingual immuno-
therapy: Where do we stand? World J Immunol 2014; 4(3): 130-140  
Available from: URL: http://www.wjgnet.com/2219-2824/full/v4/
i3/130.htm  DOI: http://dx.doi.org/10.5411/wji.v4.i3.130

INTRODUCTION
The number of  allergic respiratory diseases such as al-
lergic rhinitis (AR) and asthma has gone up in the past 
twenty years in both children and adults around the 
world[1]. The estimation reveals that up to 20% of  the 
United States and Western Europe populations are likely 
to be affected by allergic respiratory diseases[2]. These dis-
eases may impact the quality of  life, work and educational 
performance, which can lead to an important individual 
and economic lost. Pharmacotherapy provides symptom-
atic relief  and is effective in most cases, however, no sus-
tainable benefit is provided when the treatment is ended. 
Moreover, some patients fail tolerating pharmacotherapy 
in both rhinitis and asthma, and some various publica-
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tions have reported only limited control of  symptoms[3,4].  
Allergen-specific immunotherapy (SIT) was first im-

plemented by Noon[5] in 1911, and represents till now the 
sole treatment targeted to address the cause of  IgE-me-
diated allergic diseases[6]. It is also the unique treatment 
which is able to shift the natural course of  the respiratory 
allergic diseases by ameliorating symptoms[7], lessening 
the need to medications[7] and preventing progression 
from rhinitis to asthma[8,9]. In addition, it offers perma-
nent benefit years after the treatment is stopped. The 
basic principle of  SIT is to induce immune tolerance to 
allergens by administering them to patients in repeated, 
increasing doses[10].

The effectiveness of  the most used routes, subcu-
taneous (SCIT) and sublingual (SLIT) immunotherapy, 
is referenced for perennial along with seasonal allergic 
respiratory diseases by systematic reviews and meta-
analyses[7,11-13].

There is not any specific criteria that can help to iden-
tify which one of  these routes should be selected. The 
first used method of  administration was subcutaneous. 
But, lots of  research data encourage the use of  SLIT 
because of  the discomfort of  repeated injections and 
higher risk of  adverse reactions. Recently, allergy immu-
notherapy tablets have also been used for patients with 
respiratory allergies and sold in some countries for both 
adults and children. The most common indoor and out-
door allergens covered by allergy immunotherapy tablets 
may replace sublingual drops in the near future.

This review will be focus primarily on the clinical ef-
ficacy and safety of  both SCIT and SLIT in allergic respi-
ratory diseases, particularly in asthma and AR, in the light 
of  recent literature.

Induction of tolerance and immunologic changes during 
SIT
The main mechanism of  action of  SIT involves altera-
tions in the configuration of  allergen-specific memory T 
and B cell reactions, the synthesis of  particular antibody 
isotypes that incline the immunologic response towards 
non inflammatory patterns, along with reducing activa-
tion, tissue migration and degranulation of  effector cells 
including mast cells, basophiles and eosinophiles[14]. Early 
suppression of  innate effector cells of  allergic inflamma-
tion, regulation of  Th2 type responses have been demon-
strated to occur both in the tissue and in the peripheral 
blood during SIT[6,14,15]. 

Another significant mechanism linked to the use 
of  SCIT and SLIT is the appearance and activity of  
FOXP3+ CD25+ Treg cells. These cells can produce 
IL-10 and transforming growth factor-b (TGF-b) to 
inhibit activity of  allergen-specific Th2 cells with the fol-
lowing recruitment of  other inflammatory effector cells. 
In addition, the production of  IL-10 and TGF-b from 
Treg cells stimulates B cells to undergo class switching 
and produce the noninflammatory antibodies IgG4 and 
IgA2[16-18]. IL-10-secreting Breg cells can inhibit effector 
T cells and selectively induced IgG4 antibodies to con-

tribute to allergen tolerance[14,16].
Unlike SCIT, SLIT is demonstrated to work slightly 

different. Actual models of  SLIT proposes an uptake of  
allergen by antigen-presenting cells in the oral mucosa, 
pursued by migration to regional lymph nodes[19]. Subsets 
of  dendritic cells found in epithelium and subepithelium 
of  oral mucosa were presented to be effective at allergen 
uptake in vitro and capable of  inducing T cells secreting 
IFN-g and/or IL-10 with production of  IgG1 and IgG4 
antibodies[20]. 

During SIT, an increment have also been observed in 
IL-12 which is a potent Th1 cell cytokine[21]. Consequent-
ly, these events lead to shifting from a Th2 cell pattern of  
response to more of  a Th1 and Treg cell pattern which 
also reflects allergic tolerance and thus clinical improve-
ment in allergic diseases[22]. Both early and late-phase al-
lergic reactions can be inhibited in peripheral tissue such 
as skin, nose or lungs by SIT[23,24]. 

An important increment in serum-specific IgG4 
and serum allergen-specific IgA, in addition increases 
in IL-10 and TGF-b are some alterations demonstrated 
after allergen specific immunotherapy[25]. Moreover, the 
important role of  T-regulatory cells in the induction of  
allergen-specific tolerance was also confirmed by the lo-
cal presentation of  FOXP3+CD25+ T-cells in the nasal 
and sublingual mucosa after immunotherapy[22].

Clinical effectiveness of SCIT in rhinitis
Frew et al[26] demonstrated that one season of  immuno-
therapy with grass pollen decreased symptoms and medi-
cation use and ameliorated the quality of  life of  patients 
with moderately severe allergic rhinitis.

A Cochrane review of  SCIT in seasonal AR due to 
tree, weed or grass pollens involved 51 studies based on 
2871 individuals both adults and children[11]. Symptom 
scores from 15 studies showed an important reduction 
in the SCIT group [SMD-0.73 (95%CI: -0.97 to -0.50, P 
< 0.00001)], and medication use from 13 studies demon-
strated a significant decrease in the group of  SIT [SMD 
of  -0.57 (95%CI: -0.82 to -0.33, P < 0.00001)]. Fur-
thermore, most of  these studies included in this review, 
reported that nasal and bronchial symptoms along with 
quality of  life scores, and all of  the clinical parameters 
improved in favor of  the immunotherapy groups. 

In 2007, the update of  Global European Allergy and 
Asthma Network stated that SCIT studies carried on 
the last 10 years confirmed these results and declared 
that SCIT was particularly efficacious in improving of  
symptoms and decreasing of  medication consumption in 
grass, birch, Parietaria, mite and ragweed allergy[27].

The significant improvement in symptoms and quality 
of  life as well as reduction in seasonal bronchial hyper-
responsiveness were also reported in various studies of  
grass-pollen SCIT[28,29].

In a meta-analyses included 44 studies of  house dust 
mite (HDM) immunotherapy for AR and asthma, it was 
stated that, though SCIT was found effective, the magni-
tude of  effect varied greatly from one study to another[30]. 
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Three studies performed in patients with HDM-induced 
AR demonstrated a significant difference between active 
and placebo, in terms of  symptom scores[31,32] and nasal 
VAS after one-year treatment[33].

It was also reported that SCIT with animal dander, 
especially in patients with rhinoconjunctivitis due to cat 
allergy is capable to reduce symptom scores and decrease 
skin test responses[34].

Clinical effectiveness of SLIT in rhinitis
The first meta-analysis on SLIT for the treatment of  
allergic rhinitis involved 979 patients in 22 trials which 
all of  them were double-blind, placebo- controlled and 
published up to 2002[35]. Six of  these SLIT studies were 
performed in patients sensitized with house dust mite, 
five with grass pollen and Parietaria, two with olive and 
one with respectively ragweed, cat, tree and cupressus. 
This meta-analysis revealed that SLIT was significantly 
effective in comparison to placebo regarding the decrease 
in both symptoms and medication use.

A meta-analysis which was in the framework of  Co-
chrane review included 49 studies which 23 of  them for 
grass, nine trees, five for Parietaria, two for ragweed, eight 
for dust mites, one for cat, and one for mixed pollens[12]. 
There was 2333 patients receiving SLIT and overall, 
there was significant decrease in symptoms (SMD, -0.49; 
95%CI: -0.64 to -0.34) and medication requirements 
(SMD, -0.32; 95%CI: -0.43 to -0.21). As individual aller-
gens were evaluated, there was significant improvement 
in symptoms for house-dust mites, grass pollen, ragweed, 
Parietaria, and trees.

Another meta-analysis, included four studies for mites, 
three for grass, one respectively for Parietaria and olive, 
and one for pollen mix and totally 484 patients (most of  
them are children)[36]. A considerable reduction in both 
symptoms and rescue medication use was detected. This 
meta-analysis showed that, treatment duration of  > 18 
mo and SLIT with pollen extracts were more beneficial 
than shorter treatment durations and dust-mite antigens.

In GA2LEN meta-analysis of  SLIT for house-dust 
mite allergic rhinitis demonstrated significant symptom 
and medication reduction in 194 active SLIT-treated pa-
tients in comparison to 188 placebo participants[13].

Recently, allergy immunotherapy tablets have been 
marketed for using in patients with allergic respiratory 
diseases. The studies conducting to investigate the ef-
ficacy of  grass pollen tablets in allergic rhinitis revealed 
significant decrease in symptom and medication scores 
during pollen season[37-40]. In a study involved 509 adult 
patients with HDM-allergic rhinitis published recently, 
it was reported that twelve months of  treatment with 
sublingual tablets of  HDM allergen extracts was effective 
and well tolerated[41].

Clinical effectiveness of SCIT in asthma
There are lots of  studies which assessed the effectiveness 
of  SCIT in asthma in the literature. The first results of  
these studies was published in 1995 by Abramson[42] and 

then updated several times in the framework of  Cochrane 
review[7,43,44]. 

In a recent Cochrane review, 88 trials of  SCIT were 
evaluated[7]. The studies included in this review involved 
3459 patients suffering from asthma and reported the re-
sults of  SCIT for dust mites (42 studies), pollen (27 stud-
ies), animal dander (10 studies), molds (2 studies), latex 
(2 studies), and multiple allergens (6 studies). It was con-
cluded that SCIT improved asthma symptoms, reduced 
drug requirement and diminished bronchial hyperrespon-
siveness. Additionally, it was noted that the reduction in 
symptoms was more pronounced by both mite and pol-
len immunotherapy. 

There are also other SCIT studies with dust mites in 
adult and pediatric patients also showed amelioration in 
symptoms, decreasing in medication requirements and 
BHR[31,45-47].

Several studies of  SCIT, particularly with mites[48,49] or 
mixed-allergen up to seven aeroallergens[50] showed mini-
mal improvement in medication scores, symptom scores 
and PEF. Although significant steroid- sparing effect of  
immunotherapy was observed in moderate persistent 
asthmatics included in those studies, it is important to 
maintain asthma control during the study in order to ob-
tain maximum benefit from the immunotherapy.

Clinical effectiveness of SLIT in asthma
The effectiveness of  SLIT in asthma has been evaluated 
in many studies and meta-analyses. However, in most of  
these studies asthma assessment was performed in com-
bination of  rhinitis and rarely was the primary outcome. 
Therefore, we need to carefully designed studies of  SLIT 
carried particularly on asthmatic patients[51].

In 2009, the World Allergy Organization Position 
Paper on Sublingual Immunotherapy discussed a number 
of  important points regarding the current status of  SLIT 
efficacy[52]. It has been stated that although SLIT meta-
analyses have shown effective to address allergic rhinitis 
in adults, allergic rhinitis and asthma in children, there are 
limitations about the conclusions of  these meta-analyses 
because of  the significant heterogenity between the stud-
ies included in them. 

A meta-analysis in asthma involving 25 studies based 
on 1706 participants of  about whom eight trials were for 
mites, 14 trials for pollen, one trial for latex, and two for 
mixed allergens showed an important effect of  SLIT for 
symptoms and medication requirements when all allergic 
symptoms and medication use for both allergic rhino-
conjunctivitis and asthma were evaluated together[53]. But, 
when we analyse the asthmatic symptoms and decrease in 
use of  specific asthma medication as constant outcomes, 
it appears that this decreases is not remarkable (SMD, 
-0.38 and -0.91). The authors then suggested that even 
though the evidence is not very strong, SLIT ameliorated 
some parameters of  asthma, may be in a lesser propor-
tion than SCIT.

Another meta-analysis of  SLIT in asthma involved 
nine studies on 441 participants whom ages vary from 3 
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ent inhalant allergens[64-67] .
Recent studies have shown such effects with SLIT. 

One of  them is an open, randomized study involved 
216 children with allergic rhinitis by Marogna et al[68]. 
This study showed significant reduction in development 
of  new sensitizations in children receiving SLIT (3.1%) 
when compared with controls. 

A SLIT study included 257 patients with grass pollen 
allergy by Durham et al[69] demonstrated persistence in 
reduction of  rhinoconjunctivitis scores related to symp-
toms and medication use in the SLIT group at the 1-year 
period after ending of  3-year SLIT[69]. Finally, Marogna et 
al have noted that clinical benefit persists for 8 years after 
SLIT treatment is given for a 4- to 5-year duration; new 
sensitizations were also reduced in SLIT groups[70].

SAFETY 
Safety of SCIT
Patients treated with SCIT have run a risk of  both local 
and systemic adverse reactions but, in most cases, symp-
toms are reversible if  they are diagnosed early and treated 
immediately. All allergen preparations such as standard-
ized extracts[27], allergoids[71] or recombinant allergens[72] 
may lead to side effects during treatment.

The incidence of  systemic reactions of  SCIT varies 
between 0.06% and 1.01% in those receiving injections[73]. 
The vast majority of  reactions occured during SCIT were 
reported as mild and death is infrequent (i.e., incidence is 
about one per million to one per 2 million injections)[73].

A recent Cochrane review revealed that epinephrine 
was administered in 0.13% of  injections in the SCIT 
group while this rate was 0.01% in the placebo group. 
No fatalities was reported in this review. Local reactions 
were seen frequently in the SCIT group in comparison to 
placebo (92% vs 33%)[11]. 

Almost all cases of  fatality due to SCIT reported pre-
viously were patients having asthma that was frequently 
poorly controlled[74]. Therefore it should be kept in mind 
that uncontrolled asthma is a contraindication to initia-
tion of  SCIT as stated in guidelines.

Safety of SLIT
The safety of  SLIT seems to be better than that of  sub-
cutaneous immunotherapy regarding the occurrence of  
severe systemic reactions. The serious adverse effects 
such as anaphylaxis described during sublingual treat-
ment are rare[75-79]. A recent meta-analysis for SLIT in 
AR showed that there are no cases of  severe systemic 
reaction or anaphylaxis, and there was no need to use epi-
nephrine for any of  the systemic reactions[12]. 

Indications to SLIT were extended in some official 
documents to ‘‘Patients with systemic reactions after sub-
cutaneous immunotherapy’’[80]. However, there are also 
some reports on patients who had ceased this treatment 
since adverse reactions and severe anaphylactic reactions 
to SLIT[79]. Therefore, it has been recommended that 
immunotherapy should be customized for each patient 

to 18 years. Within this trials, six included dust mites- and 
three included pollen- allergic patients. When compared 
with placebo, a considerable reduction in symptom (SMD, 
-1.14; 95%CI: -2.10 to -0.18) and medication scores (SMD, 
-1.63; 95%CI: - 2.83 to -0.44) was noted with SLIT[54].

A different meta-analysis evaluated nine trials about 
452 both adults and children with asthma treated with 
house dust mite SLIT. This meta-analysis demonstrated 
notable improvement in symptom and medication 
scores[13]. 

Another meta-analysis of  seven trials conducted on 
256 children showed significant decreases both in symp-
toms and medication use related to asthma; the authors 
deduced that sublingual immunotherapy is a safe and ef-
fective treatment option in respiratory allergies[55].

Additionally, an important finding observed in some 
pollen studies is the delay in positive results to the second 
year of  treatment[56,57].

Recently, in a study involving 602 asthmatic patients 
who are sensitized to house dust mites, it was reported 
that daily treatment with SLIT tablet reduced inhaled 
budesonide more than 80 ug/d in comparison to placebo 
after 1 year[58]. Similarly, the steroid sparing effect of  
SLIT was also shown in birch pollen allergic patients with 
asthma[59].

Long-term effects of SCIT and SLIT
SIT provides both clinical and immunologic tolerance 
as specified by the persistence of  clinical improvement 
and associated long-term immunological parameters after 
stopping the treatment. Additionally, long-term ben-
efits of  SIT include prevention of  new sensitizations in 
monosensitised patients and progression from rhinitis to 
asthma particularly in children.

A study with grass pollen immunotherapy showed 
that there is no remarkable difference in symptoms and 
medication use in the following three years after 3-4 years 
of  SCIT[60].

A recent HDM study[61] evaluated the long-term effect 
of  either 3 or 5 years time duration of  subcutaneous im-
munotherapy in 240 patients. The first year of  this study 
was a double-blind placebo-controlled phase; after treat-
ment of  3 years with HDM SCIT, one group was then 
followed for 2 years without any treatment, while the oth-
er group kept being under treatment for 5 years. When 
the patients were assessed after a period of  3 and 5 years 
of  treatment, both groups had considerable amelioration 
of  symptoms compared to baseline, revealing more than 
70% reduction in rhinitis symptoms in the 5-years group 
while 50% reduction in the 3-years treatment group.

There are also some studies supporting the persis-
tence of  improvement in symptoms along with preven-
tive effects on new sensitizations and asthma develop-
ment that continued for years after ending of  treatment 
in children with allergic rhinitis given 3-years immuno-
therapy[62,63].

It has been documented that SCIT with a single aller-
gen has a preventive effect against sensitization to differ-
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based on the intensity of  sensitization, accompanying al-
lergies, environmental exposures, and other risk factors.

Local side effects such as perioral itching or mild 
swelling are seen particularly in the early phase of  SLIT 
and encountered in about three-fourths of  patients. 
Nausea, abdominal pain mainly in children, rhinitis, con-
junctivitis, headache, urticaria, cough and bronchospasm 
are other infrequent side effects which may ocur during 
SLIT[81].

Head-to-head studies
There are a few studies which compare SCIT and SLIT 
directly[31,81-88]. A summary of  the characteristics of  SCIT 
vs SLIT comparison studies is shown in Table 1. 

The study of  Mungan et al[83], consisted of  36 adults 
with HDM-allergic rhinitis and asthma; they randomized 
to treat with SCIT, SLIT or placebo. It was found that 
one-year SCIT improved symptom scores of  both rhini-
tis and asthma when SLIT was effective only for symp-
toms of  rhinitis. However, they reported that though no 
notable alteration was recorded in placebo group in terms 
of  symptom and medication scores, drug requirement 
was significantly reduced in both SCIT and SLIT groups. 

A placebo-controlled double-blind double-dummy 
study (all patients received both sublingual medication 
and subcutaneous injections) carried on 71 adults with 
allergic rhinitis sensitized to birch pollen was reported by 
Quirino et al[82] in 2004. This particular study showed that 
both routes of  treatment were effective in the reduction 
of  symptoms and medication use when compared with 
placebo arm. They concluded that SLIT decreased the 
median disease severity to one-half  and SCIT to one-
third of  placebo treatment. There was not found statisti-
cally significant difference between SCIT and SLIT. 

Another study compared SCIT with SLIT in patients 
sensitized to grass pollen was also designed in double-
blind double-dummy manner[84]. This study demonstrated 
that both SCIT and SLIT meet the same effectiveness 
according to subjective clinical outcomes. Both treatment 
mode reduced significantly symptoms and drug usage 
(P = 0.002 for symptoms and drugs in SLIT-treated pa-
tients; P = 0.002 for symptoms and P = 0.0039 for drugs 
in patients given SCIT). But, in this study, alteration in 
immunologic outcomes (total specific IgG, specific IgG4, 
skin reactivity) was observed only in SCIT group.

A study published in 2007 by Mauro et al[86] included 
patients with allergic rhinitis sensitized to Betulaceae and 
showed that there was no significant difference between 
patients received SCIT and SLIT in terms of  symptom 
scores and medication consumption. It was also noted 
that although the increment in Bet v 1 specific IgG4 was 
observed in both treatment arms, it reached statistically 
significant levels only in patients received SCIT. 

Eifan et al[85] published the results of  a study which 
conducted in an open design and included 48 children 
with asthma/rhinitis sensitized to HDM. The patients 
were randomized to receive either SCIT, SLIT or phar-
macotherapy. Both SLIT and SCIT demonstrated signifi-

cant improvement in symptom and medication scores 
as well as in visual analog scores for both rhinitis and 
asthma, in severity of  skin and nasal sensitization to 
specific allergen in comparison to the pharmacotherapy 
group. In this study, both SCIT and SLIT had decreased 
disease severity more than half  than the severity observed 
in pharmacotharapy group. The authors concluded that 
SCIT and SLIT are equally effective in the control of  the 
disease severity. 

Another study which evaluate the efficacy of  three-
years SCIT and SLIT in total 193 HDM allergic patients 
with perennial rhinitis showed that although both treat-
ment mode effective, greater improvement was observed 
in SCIT group in comparison to the SLIT group[88].

In a recent open-scheme, prospective study involving 
60 children (5-12 years of  age) with asthma/rhinitis sen-
sitized to HDM, patients were randomized to receive ei-
ther SCIT, SCIT plus SLIT, SLIT or pharmacotherapy[87]. 
Children were evaluated for symptom/medication scores, 
allergen- specific nasal reactivity and Der p 1-driven cyto-
kine responses at baseline, 1, 4 and 12 mo. The improve-
ment in symptom and medication scores was observed 
earlier in the SCIT group than the SLIT group (4 mo vs 
12 mo). This study concluded that subcutaneous route of  
immunotherapy appeared more effective in comparison 
to the sublingual route since it provided earlier clinical 
efficacy along with earlier induction of  regulatory cyto-
kines and production of  IgG4 antibodies. Nevertheless, 
combining these two routes of  immunotherapy looks 
promising particularly in children because of  obtaining 
significant clinical efficacy with the advantage of  fewer 
injections. 

A randomized, placebo-controlled, double- dummy 
trial investigating the efficacy of  SCIT and SLIT in chil-
dren with asthma and/or rhinitis sensitized to HDM was 
published in 2012[31]. This particular study indicated that 
one-year SCIT reduced significantly symptoms and medi-
cation consumption related to both rhinitis and asthma. 
SLIT decreased symptoms of  rhinitis and asthma in ad-
dition to medication scores for rhinitis, but this lessening 
was not found significant in comparison to the placebo 
group. Only SCIT was recognized to have a superior 
effect to placebo on reduction of  rhinitis and asthma 
symptoms after one-year of  treatment. The same cohort 
was then followed for the one subsequent year in an open 
scheme and the placebo group was randomized to have 
SCIT or SLIT, and for 1 year all patients received active 
treatment with SCIT or SLIT[89]. This latter study dem-
onstrated that the effect of  SLIT on symptoms and drug 
usage related to asthma was less prominent than SCIT in 
the first year, but it increased in the second year of  SLIT. 
The conclusion of  this study is, although both clinical 
and immunologic improvement with SCIT begins from 
the first year of  immunotherapy, it requires longer treat-
ment with SLIT in HDM-sensitized children with rhinitis 
and asthma. 

The fact of  immunotherapy has also some placebo 
effect has been accepted since long time. Although there 
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is heterogeneity between many immunotherapy trials, 
most of  them showed significant improvement in clinical 
outcomes and immunologic parameters in comparison 
to the placebo. Both SCIT and SLIT have proven to be 
effective in both rhinitis and asthma. However, the two 
trials[31,82] (one in birch pollen -allergic adults and another 
in mite- allergic children) designed with double-dummy 
arms as recommended to obtain more valuable results 
showed greater efficacy of  SCIT than SLIT for clinical 
improvement of  rhinitis.

A systematic review of  trials involving direct compari-
son of  SCIT and SLIT regarding the efficacy and safety 
in the treatment of  allergic rhinitis and asthma was pub-
lished recently[90]. It included 8 randomized controlled tri-
als with 555 subjects published between 1989 and 2011, 
comparing the effectiveness of  SCIT with SLIT[81,82,84-88,90]. 
Three studies included only adults[82,83,86] and 2 included 
both adults and children[87,90]. The mean age of  the sub-
jects ranged between 6 and 40 years. Three studies had 
only SCIT and SLIT arms[86,88,91]. In addition to SCIT and 
SLIT arms, 3 studies had a placebo arm[31,81,82] and 2 stud-
ies had a pharmacotherapy arm[85,87]. Two trials included 
patients with allergic rhinoconjunctivitis and rhinitis to 
tree pollen[82,86]. The remaining 6 trials studied dust mite 
immunotherapy, 2 of  which were exclusively in patients 
with rhinitis[88,91] and 4 in patients with rhinitis and/or 
asthma[31,82,84,86]. As the result of  systematic analysing of  
all these head-to-head studies, it was noticed that low-

grade evidence confirms more pronounced efficacy 
of  SCIT for asthma symptom reduction and also for 
decreasing of  symptoms and medication use related to 
rhinitis in comparison to SLIT; there was also moderate-
grade evidence which supports better efficacy of  SCIT 
than SLIT for reduction of  nasal and/or eye symptoms. 
More studies are needed to fortify this evidence so as to 
make clinical decision.

CONCLUSION 
SIT is an immunologically based treatment which can 
modify the natural course of  IgE-mediated allergic re-
spiratory diseases. Despite the significant heterogeneity 
in study design, there is considerable evidence to defend 
the whole efficacy and safety of  both SCIT and SLIT for 
treating allergic rhinoconjunctivitis and asthma. 

Although the two routes proved equivalent in terms 
of  efficacy in some head-to head comparisons, the ques-
tion of  “which one of  these routes should be preferred 
in allergic diseases?”may be discussed. When this recom-
mendation has been made, it should be considered not 
only the clinical effectiveness together with the quality of  
evidence, but also safety, costs, and patient’s preference 
and adherence. There are also some limited rate patients 
shifted from SCIT to SLIT or vice versa. The most com-
mon reasons reported in allergic children who shifted 
from SLIT to SCIT are a perceived low efficacy of  the 
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Table 1  Head-to-head study characteristics with subcutaneous and sublingual

Ref. Year Allergen Study design No. of patients Findings

Quirino et al[84] 1996 Grass pollen Double-blind, double-
dummy

SCIT (n = 10)
SLIT (n = 10)
No placebo group

Significant reduction in symptoms and
medications for SCIT and SLIT groups
↑ Total specific IgG, ↑specific IgG4
and ↓skin reactivity for SCIT only

Mungan et al[83] 1999 Dust mite Single-blind, placebo 
controlled

SCIT (n = 10)
SLIT (n = 15) 
Placebo (n = 11)

↓ Rhinitis symptoms with SLIT
↓ Skin reactivity with SCIT
↑ Specific IgG4 with SCIT

Khinchi et al[82] 2004 Birch pollen Randomized, double-
blind, double-dummy, 
placebo-controlled

SCIT (n = 21)
SLIT (n = 18) 
Placebo (n = 19)

Significant reduction in symptoms and
medications for SCIT vs placebo and SLIT vs placebo
No difference between SCIT and SLIT groups

Mauro et al[86] 2007 Birch pollen Randomized, double-
blind,
double-dummy

SCIT (n = 19)
SLIT (n = 15) 

No difference in mean symptom and medication score 
between SCIT and SLIT
 Specific IgG4 with SCIT

Tahamiler et al[88] 2008 Dust mite Open label, 
randomized

SCIT (n = 96)
SLIT (n = 97)

↓ Rhinitis and conjunctivitis symptoms scores and 
nasal provocation score with SCIT and SLIT (greater 
improvement with SCIT)

Eifan et al[85] 2010 Dust mite Open label, 
randomized,
controlled

SCIT (n = 16)
SLIT (n = 16) 
Pharmacotherapy (n = 16)

↓ Rhinitis and asthma symptom score, total medication 
score
↓ Skin reactivitiy with SCIT and SLIT
↓ Specific IgE with SCIT and SLIT

Keles et al[87] 2011 Dust mite Open label, 
randomized, 
controlled

SCIT (n = 11)
SLIT (n = 13)
SCIT plus SLIT (n = 14)
Pharmacotherapy (n = 12)

Reduction in total symptom score and total medication 
score in all immunotherapy groups
↓ Skin reactivity with SCIT
↑ Specific IgG4 for SCIT and SCIT plus SLIT 

Yukselen et al[89] 2012 Dust mite Randomized, double-
blind,
double-dummy, 
placebo-controlled

SCIT (n = 10)
SLIT (n = 11) 
Placebo (n = 10 )

Significant reduction in rhinitis and astma symptom score 
with SCIT
Skin reactivity with SCIT and SLIT
↑ Specific IgG4 with SCIT

SCIT: Subcutaneous immunotherapy; SLIT: Sublingual immunotherapy.
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treatment and local side effects. On the other hand, fre-
quent discomfort and side effects caused by injections 
are main causes of  interrupting of  SCIT. The patient’
s adherence to treatment mode is also an important fac-
tor in choosing the the route of  immunotherapy. The 
improved adherence is expected in SLIT, because it does 
not require much treatment-related patient time. Similarly, 
SLIT’s favorable safety profile which allows home admin-
istration is expected to improve the convenience of  im-
munotherapy and to rise the rate of  patients taking this 
treatment mode. However, several studies have indicated 
that SLIT adherence is equally as poor as SCIT. There-
fore, the treatment mode of  immunotherapy should 
be individualized for each patient according to patient’
s perception, adherence and preference. Additionally, in 
multiple allergen sensitization, it may be more convenient 
to prefer the SCIT to SLIT.

Because of  long-term duration of  treatment and pos-
sible side effects with SIT, novel safer and faster methods 
or administration routes have been investigated. Different 
approaches have been performed to improve the safety 
and efficacy by adding adjuvants, like Monophosphoryl 
lipid A (MPL), DNA sequences or bacteriophage com-
bined with cytosine phosphodiester guanine (CpG) oli-
godeoxynucleotides (ODN), or by modifying the allergen 
itself, or using recombinant allergens. In these cases, T-cell 
epitopes should ideally be preserved so that the result-
ing hypoallergen will still be able to modify the allergen-
specific immune response[92].

In addition to allergen modification, recombinant al-
lergens and adding adjuvants, the trials have concentrated 
on the ways of  administration. A newly described proce-
dure is engineering modular antigen translocating (MAT) 
molecules for intracellular targeting of  allergens to the 
major histocompatibilityclass-Ⅱ (MHC-Ⅱ) presenta-
tion pathway to reinforce antigen presentation. MAT-
allergen fusions are capable of  quickly translocating into 
the cytoplasm of  PBMCs, gather intracellulary and bring 
on potent proliferation of  PBMC cultures showing an 
increased presentation through the MHC-Ⅱ presentation 
pathway. In PBMC cultures of  allergic donors, MAT vac-
cines lead to change in cytokine profile from Th2 to Th1, 
and reduce the secretion of  IL-4, IL-5 and IL-2 in com-
parison to those induced by the corresponding recombi-
nant allergens[93]. As a result, MAT molecules represent 
promising compounds for the development of  strong 
allergy vaccines.

There is a growing interest in intralymphatic allergen 
specific immunotherapy (ILIT) because it is a highly ef-
ficacious and safe treatment route that requires only 3 in-
jections. Recently, the results of  ILIT performed by guid-
ance of  ultrasonograpy in humans was reported[94]. This 
trial was designed as a double-blind, placebo controlled 
manner using the recombinant major cat dander allergen 
Fel d 1-MAT molecule. After only three injections, it was 
shown significant increment in nasal reactivity to the al-
lergen in the ILIT in comparison to the placebo group. It 
was also noted that there was pronounced responses in T 

regulatory cells and IL-10 in the ILIT group. 
One more ILIT study reported also recently was a 

double-blind, placebo-controlled trial, and included pa-
tients having allergic rhinitis sensitized to birch or grass 
pollen[95]. This study showed that three intralymphatic 
inguinal injections of  pollen induced significant reduction 
in nasal symptoms after nasal provocation. 

Epicutaneous immunotherapy (EPIT) is one more 
new way of  administering in SIT. In a recent placebo 
controlled, double-blind study involved 132 patients with 
grass pollen-induced rhinoconjunctivitis, it was demon-
strated that EPIT which performed as 6 weekly patches, 
decreased symptoms significantly both during the pollen 
period and subsequent year[96]. Epicutaneous allergen-
specific immunotherapy is a promising way of  admin-
istration since its ability to provide a safe, needle-free, 
and self-administrable treatment option. Further well-
designed controlled studies will help discover the optimal 
regimen for SIT efficacy and safety.
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Abstract
Allergen-specific immunotherapy (IT) is an effective 
treatment for allergic diseases. Although subcutane-
ous and sublingual ITs are currently used, safer, easier, 
and more effective IT is under development. Induction 
of immune tolerance by oral administration of allergen 
has been proven, though oral IT has not been applied 
clinically. It is mainly because a large amount of puri-
fied allergen is required to induce oral tolerance. To 
overcome this problem, plants, peculiarly rice, have 
been investigated as allergen vehicles for oral IT. Rice 
can store a considerable amount of expressed allergen 
in its seeds and the accumulated allergen is stable and 
resistant to gastrointestinal digestion. Therefore, we 
have developed transgenic rice seeds (Tg rice) in which 
major epitopes of cedar pollen or house dust mites 
are expressed. We are establishing Tg rice with dem-
onstrated efficacy in murine models of allergic rhinitis 
and bronchial asthma by oral administration at practical 

doses. In addition, the amount, distribution, and aller-
genicity of the expressed allergen have been improved 
in our Tg rice. Rice-based oral IT is a promising new 
concept in IT for the treatment of allergic diseases.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Allergic disease; Asthma; Oral immunother-
apy; Rhinitis; Transgenic rice

Core tip: We aim to establish clinically applicable oral 
immunotherapy by employing transgenic rice seeds (Tg 
rice) in which allergen epitopes are expressed. We have 
identified a suitable allergen packaging system, modi-
fied allergens to reduce their allergenicity, selected high 
allergen-producing lines, and evaluated their efficacy 
in allergic disease models. We are thus nearly ready 
to start clinical trials of our Tg rice for the treatment of 
Japanese cedar pollinosis.

Nishimura T, Saeki M, Kaminuma O, Takaiwa F, Hiroi T. Trans-
genic plants for allergen-specific immunotherapy. World J Im-
munol 2014; 4(3): 141-148  Available from: URL: http://www.
wjgnet.com/2219-2824/full/v4/i3/141.htm  DOI: http://dx.doi.
org/10.5411/wji.v4.i3.141

INTRODUCTION
The prevalence of  allergic diseases such as allergic rhinitis 
and bronchial asthma has markedly increased in indus-
trialized countries, and it is a major health concern[1-3]. 
Allergen-specific immunotherapy (IT) leads to immune 
tolerance, a state of  immune unresponsiveness, by re-
peated allergen administration, and has been recognized 
as an effective therapeutic method[4,5]. Oral IT, which is 
based on oral allergen administration, is a relatively con-
ventional method to induce allergen-specific immune 
tolerance. However, this IT has yet to be applied clini-
cally because of  several problems[6-8], particularly the lack 
of  an efficient oral allergen delivery system. We recently 
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showed that rice seeds can be used as a carrier for oral IT. 
The factors favoring their use are ease of  consumption 
for individuals of  all ages, the ability to store a consider-
able amount of  allergen, stability at room temperature for 
2-3 years, resistance to digestive enzymes and low pH[9-12]. 
Therefore, to establish clinically applicable oral IT, we 
have been developing transgenic rice seeds (Tg rice) 
expressing full-length allergen or epitopes of  Japanese 
cedar pollen or house dust mites. Oral IT with Tg rice is 
set to become one of  the most useful tools to treat aller-
gic diseases. This review summarizes the progression and 
prospects of  allergen-specific ITs for allergic diseases, 
with a focus on Tg rice-based oral IT.

SUBCUTANEOUS AND SUBLINGUAL 
IMMUNOTHERAPY
Currently, subcutaneous IT (SCIT) and sublingual IT 
(SLIT) are two major IT modes used for clinical treat-
ment of  pollen- or house dust-mediated allergic dis-
eases[13-16]. Since SCIT was initially described by Noon 
in 1911[17], it has been the most popular mode of  IT for 
allergic diseases. Although the immunological mecha-
nisms by which SCIT induces immune tolerance are not 
completely understood, researchers have demonstrated 
the production of  IgE-blocking antibody, alteration of  
the Th1/Th2 balance in favor of  Th1 responses, and 
the induction of  regulatory T cells by this therapy[18-22]. 
Nevertheless, repeated systemic injection of  allergens by 
SCIT is inconvenient and heightens the risk of  severe 
side effects, including anaphylactic shock[23,24]. Therefore, 
SLIT has been developed as an alternative, noninvasive 
IT[25,26]. Since it was initially described by Scadding et 
al[27] in 1986, its clinical market share has become ap-
proximately 45% of  the total allergen-specific IT treat-
ments performed in Europe[28]. Although the incidence 
of  anaphylaxis is reduced in SLIT, several side effects 
associated with allergenicity have been reported[23,29]. In 
addition, SLIT requires the patient to retain the allergen 
solution or tablet under the tongue, something that is 
difficult for small children. Therefore, several trials are 
in progress to develop safer, easier, and more efficient 
IT by modifying allergens, adjuvants, and routes of  ad-
ministration[30-34]. For example, to avoid IgE-dependent 
side effects, peptide IT using dominant T-cell epitopes 
has been proposed in both SCIT and SLIT[35,36], and vari-
ous alternative routes of  allergen administration such as 
oral[37-39], epicutaneous[40], and intralymphatic[41,42] have 
been investigated.

ORAL IMMUNOTHERAPY FOR ALLERGIC 
DISEASES
Induction of  immune tolerance by oral administration of  
specific allergen has been recognized for a century[43-45]. 
Even though the mechanisms of  oral tolerance have 
not been fully defined, many studies have suggested that 

low-dose allergens induce cellular activation, which was 
adoptively transferable in vivo, and that high-dose aller-
gens induce nontransferable clonal anergy and/or dele-
tion[46,50]. The characteristics of  the immune system in the 
intestinal mucosa suggest some patients unresponsive to 
SCIT or SLIT are curable by oral IT[51,52]. Thus, several 
attempts have been made to use oral IT to treat allergic 
diseases since the 1920s[53]. Recently, clinical trials of  oral 
IT for patients with autoimmune diseases have also been 
performed[37-39], although this therapy is yet to be used 
for human diseases. The greatest obstacle to its clinical 
application is the amount of  allergen required. Oral IT 
requires about 200 times larger quantities of  allergens 
to induce immune tolerance in comparison to SCIT[54]. 
Therefore, researchers hope to develop systems for effec-
tive allergen delivery to the intestinal mucosa to achieve 
clinical applications of  oral IT. In this regard, there is 
concern that oral administration of  a large amount of  
allergen may lead adverse effects such as impaired clear-
ance of  secondary bacterial infections due to excess sup-
pression of  immune function. However, almost all of  
adverse effects reported in clinical studies of  oral IT were 
relatively mild, and no systemic immunological suppres-
sion have been observed[43,44,54]. Therefore, such risks in 
oral IT seem to be negligible.

PLANT-BASED VACCINES
In order to meet the requirement of  large amounts of  
allergen in oral IT, several allergen-expressing plants have 
been developed. During early studies in the 1990s, to-
bacco was used as a model transgenic plant for express-
ing allergen[55]. Since then, the feasibility of  plants such 
as potato, banana, tomato, and rice has been explored by 
introducing heat-labile enterotoxin, hepatitis B antigen, 
respiratory syncytial virus antigen, and cholera toxin[9,56-59]. 
The use of  plants as allergen vehicles offers several ad-
vantages over genetically engineered and/or purified al-
lergens. The cost of  production is lower, no refrigeration 
is required for storage, and contamination with mam-
malian pathogens hardly occurs in transgenic plants[60]. In 
addition, the walls of  plant cells in which the expressed 
allergen accumulate are resistant to the acidic environ-
ment of  the stomach[60]. The edible parts of  plants such 
as fruits and crop seeds are easy to administer to people 
of  all ages.

RICE SEED AS AN ALLERGEN CARRIER
Rice is the major food staple commonly eaten daily 
throughout Asia. Allergens expressed in rice seeds are 
stable at room temperature for 2-3 years[9,10]. Rice seeds 
mainly express three endogenous proteins: alcohol-
soluble prolamin, acid- and alkaline-soluble glutelin, and 
saline-soluble globulin. Two characteristic organs, protein 
body (PB)-Ⅰ and PB-Ⅱ, mediate storage of  these pro-
teins in rice seeds[61-63]. Prolamin is composed of  three 
isoforms (10, 13, and 16-kDa) synthesized in the endo-
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plasmic reticulum (ER) and retained in the ER lumen; 
then, it forms the smooth and spherical protein body 
PB-I[61,64]. Four glutelin isoforms (GluA, GluB, GluC, and 
GluD) are initially synthesized in the ER, and then they 
are transported to the protein storage vacuole, PB-Ⅱ[65,66]. 
The α-globulin is also deposited in PB-Ⅱ. It has been re-
ported that exogenous proteins can be made to accumu-
late in PB-Ⅰ and/or PB-Ⅱ of  rice seeds by expressing 
them with the promoters of  glutelin (GluB-1, GluB-4), 
26-kDa globulin, or 10-kDa and 16-kDa prolamin[67]. Al-
lergen accumulated in PBs is protected from the gastroin-
testinal digestive enzymes and low pH environment[10,12,13]. 
In particular, PB-Ⅰ is characterized by higher digestion 
resistance and it seems to be an ideal capsule for efficient 
allergen delivery to the intestinal immune system[68]. For 
these reasons, rice seeds have been recognized as one of  
the most feasible allergen carriers for oral IT. 

RICE SEED-BASED ORAL 
IMMUNOTHERAPY FOR ALLERGIC 
RHINITIS
Seasonal allergic rhinitis caused by Japanese cedar pollen 
is a serious health concern in Japan. Over 26% of  the 
Japanese population has this disease[69-71]. Two major aller-
gens, Cryptomeria japonica (Cry j) 1 and Cry j 2, have been 
identified in the pollen[72,73]. To avoid the IgE-mediated 
side effects seen with SCIT and SLIT, we have developed 
several types of  Tg rice that accumulate modified fusion 
proteins of  Cry j 1 and Cry j 2 epitope peptides (Table 1)

Cry j Tg rice
First, we established Tg rice expressing a fusion protein 
of  mouse T-cell epitope peptides in Cry j 1 and Cry j 2, 
and a soybean storage protein, glycinin A1aB1b (Cry j Tg 
rice)[74]. A1aB1b is located in PB-Ⅱ when expressed in Tg 
rice seeds with the GluB-1 promoter[75]; the fusion protein 
was expected to be accumulated in PB-Ⅱ[74]. Oral admin-
istration of  Cry j Tg rice to cedar pollen-immunized mice 
inhibited allergen-induced IgE and IgG responses, CD4+ 
T-cell proliferation, and T helper 2 (Th2) cytokine synthe-
sis (IL-4, IL-5, and IL-13). In addition, allergen-induced 
serum histamine elevation and sneezing response were 
suppressed[74].

7Crp Tg rice
Since Cry j Tg rice was effective in the mouse model of  
allergic rhinitis, we developed Tg rice for application in 
the human body. Seven dominant human T-cell epitopes 
were identified in Cry j 1 and Cry j 2[76-78]. We have dem-
onstrated that 92% of  48 patients with Japanese cedar 
pollinosis showed positive T-cell responses to the fusion 
protein in which the seven epitopes were linked (7Crp). 
This 7Crp was not reactive to cedar pollen-specific IgE in 
the patients’ sera[79]. These findings suggest 7Crp has the 
potential to modulate cedar pollen-mediated T-cell re-
sponses without inducing IgE-dependent side effects. We 

developed three lines of  Tg rice accumulating 7Crp[79]. 
The first line expressed 7Crp under GluB-1 promoter 
regulation without its signal peptide and failed to express 
the allergen protein, although its transcript was detect-
able. We concluded that absence of  the signal peptide 
caused 7Crp instability. By adding GluB-1 signal peptide, 
7Crp was accumulated in the Tg rice. In addition, high 
7Crp expression in the Tg rice was achieved by adding 
a C-terminal ER retention signal (KDEL sequence). Fi-
nally, we established Tg rice expressing 7Crp with GluB-1 
signal peptide as well as the KDEL sequence (7Crp Tg 
rice). After verifying accumulation of  7Crp in PB-Ⅰ and 
PB-Ⅱ, the effect of  7Crp Tg rice on allergic responses 
was examined in the mouse model[79]. Oral administration 
of  7Crp Tg rice to B10.S mice that recognize one of  the 
seven epitopes suppressed allergen-induced IgE and T-cell 
responses[79].

Shuffled Cry j Tg rice
There are inter-individual differences in the sequence rec-
ognition of  T-cell epitopes because of  a variety of  MHC 
class Ⅱ haplotypes[80-82]. Therefore, peptide IT with only 
major T-cell epitopes does not seem to be effective for all 
patients. The molecular shuffling method has been used 
to preserve immunogenicity/tolerogenicity (T-cell reactiv-
ity) and reduce allergenicity (IgE reactivity)[32,83]. Based on 
this strategy, we improved our Tg rice to induce immune 
tolerance in a more efficient manner. Cry j 1 was divided 
into three overlapped fragments to disrupt its tertiary 
structure, and these fragments were shuffled and inserted 
into the middle of  glutelins. The tertiary structure of  Cry 
j 2 was also destroyed following its reconstruction to be 
a mosaic molecule by insertion of  the KDEL sequence. 
After the abrogation of  allergenicity in these fragments 
was verified[84], Tg rice accumulating three Cry j 1/glute-
lin fusions and one restructured Cry j 2 was established 
(shuffled Cry j Tg rice)[84]. The expressed allergens were 
successfully localized in PB-I. Oral administration of  
shuffled Cry j Tg rice to cedar pollen-immunized mice 
inhibited allergen-induced IgE and IgG responses, CD4+ 
T-cell proliferation, and Th2 cytokine synthesis. Consis-
tent with this finding, allergen-induced sneezing response, 
serum histamine elevation, and infiltration of  eosinophils 
in the nose were attenuated[84].

RICE SEED-BASED ORAL 
IMMUNOTHERAPY FOR BRONCHIAL 
ASTHMA
House dust mites (HDM) are strongly associated with the 
development of  allergic diseases, such as bronchial asth-
ma, allergic rhinitis and atopic dermatitis[85,86]. Specifically, 
Dermatophagoides pteronyssinus (Der p)- and Dermatophagoides 
farinae (Der f)-derived allergens are important compo-
nents of  indoor allergens associated with bronchial asth-
ma[87,88]. The major HDM allergens are classified into two 
groups: group 1 (Der p 1 and Der f  1), mainly derived 
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of  oral IT is not mainly caused by suppression of  IgE 
responses. Most importantly, effective attenuation of  al-
lergic inflammation was accomplished at a dose of  Tg 
rice that is achievable through daily consumption.

Der f 2 Tg rice
Der f  2 contains three disulfide bonds (Cys8-Cys119, 
Cys21-Cys27, and Cys73-Cys78), two of  which (Cys8-
Cys119 and Cys73-Cys78) are critical for IgE-binding[92-96]. 
In contrast, T-cell epitopes of  the group 2 allergens are 
distributed over the entire protein[94,97]. We constructed 
three Der f  2 derivatives in which cysteine residues were 
mutated: ΔC lacked all three disulfide bonds, C8/119S 
lacked the Cys8-Cys119 bond, and 8-119C lacked the 
Cys21-Cys27 and Cys73-Cys78 bonds[98]. Binding activ-
ity with HDM-specific IgE was markedly decreased in 
ΔC, followed by C8/119S and 8-119C. Then, three lines 
of  Tg rice expressing these Der f  2 derivatives were 
established (Der f  2 Tg rice). The localization of  the ex-
pressed allergen in the Tg rice was unique. Thus, Der f  
2 derivatives aggregated and formed a PB-like structure, 
named the Der f  2 body, distinguishable from PB-Ⅰ and 
PB-Ⅱ by its electron density. Oral administration of  Der 
f  2 Tg rice containing C8/119S, 8-119C, or both to Der 
f  2-immunized mice inhibited allergen-induced IgE and 
IgG responses[98], suggesting the potential of  this Tg rice 

from feces, and group 2 (Der p 2 and Der f  2) derived 
from the bodies. Therefore, for application to treatment 
for bronchial asthma, two types of  Tg rice accumulating 
modified Der p 1 and Der f  2 peptides have been estab-
lished (Table 1).

Der p 1 Tg rice
First, we created Tg rice expressing both human and 
mouse T-cell epitopes of  Der p 1 (Der p 1 Tg rice)[89,90]. 
By using the technique established to develop Cry j-related 
Tg rice, the expressed allergen was efficiently deposited 
in PB-I[90]. Oral administration of  Der p 1 Tg rice to Der 
p 1-immunized mice suppressed allergen-induced IgE 
and IgG responses, CD4+ T-cell proliferation, and Th2 
cytokine synthesis. In addition, allergen-induced eosino-
phil infiltration into the lungs and bronchial hyperreactiv-
ity were diminished[90], suggesting that rice seed-based 
oral IT is useful for the treatment of  allergic rhinitis and 
bronchial asthma.

Administration of  lower doses (approximately 5 g/kg 
per day) also suppressed allergen-induced lung eosino-
philia[91]. Interestingly, the production of  allergen-specific 
IgE was not affected unlike in the high-dose experiment 
(approximately 50 g/kg per day)[91]. Although we cannot 
explain why the low-dose Der p 1 Tg rice was not effec-
tive for IgE production, it was suggested that the efficacy 

Nishimura T et al . Transgenic plants for immunotherapy

Table 1  Characteristics of transgenic rices for oral immunotherapy against allergic rhinitis and bronchial asthma

Tg rice 
name

Target 
disease

Target allergen     Expression plasmid construction Allergen accumulation Pharmacological effect Ref.

Promoter Coding 
protein

KDEL 
sequence

Localization Yield

Cry j Allergic 
rhinitis

Cryptomeria 
Japonica pollen 
(Japanese cedar 
pollen)

GluB-1  Fusion 
protein of 
mouse T-cel 
epitopes in 
Cry j 1 and 
Cry j 2, and 
glycinin 
A1aB1b

absence presumaply 
PB-II

7 μg/
grain

IgE and IgG 
CD4+ T-cell proliferation 
Th2 cytokine 
Histamine
Sneezing

↓
↓
↓
↓
↓

[74]

7Crp Allergic 
rhinitis

Cryptomeria 
Japonica pollen 
(Japanese cedar 
pollen)

GluB-1 Fusion protein 
of seven 
human T-cell 
epitopes in 
Cry j 1 and 
Cry j 2

presence PB-I and PB-II 62 μg/
grain

CD4+ T-cell proliferation 
IgE

↓
↓

[79]

Shuffled 
Cry j

Allergic 
rhinitis

Cryptomeria 
Japonica pollen 
(Japanese cedar 
pollen)

Prolamin 
(16-kDa)
GluB
Prolamin 
(10-kDa)
GluB-1

Fusion 
protein of 
deconstructed  
full-length 
Cry j 1, Cry j 2, 
and glutelins

presence PB-I 10-25 
μg/grain

IgE and IgG
CD4+ T-cell proliferation 
Th2 cytokine
Histamine
Sneezing
Eosinophilia

↓
↓
↓
↓
↓
↓

[84]

Der p 1 Bronchial 
asthma

Dermatophagoides 
Pteronyssinus 
(House dust mite)

GluB-1 Human and 
mouse T-cell 
epitopes in 
Der p 1

absence PB-I 90 μg/
grain

IgE and IgG
CD4+ T-cell proliferation 
Th2 cytokine
Eosinophilia
Bronchial hyperreactivity

↓
↓
↓
↓
↓

[89-91]

Der f 2 Bronchial 
asthma

Dermatophagoides 
Farinae (House 
dust mite)

GluB-1 Cysteine 
residue-
mutated  full-
length Der f 2

presence Der f 2 body 15-30 
μg/grain

IgE and IgG ↓ [99]
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to treat HDM-mediated allergic responses. Interestingly, 
IgE and IgG responses were not affected by Der f  2 Tg 
rice containing ΔC. ΔC was water-soluble and rapidly de-
graded by digestive enzymes in comparison to other Der 
f  2 derivatives[98]. These data strongly suggest allergen 
digestibility is critical for the efficacy of  oral IT using Tg 
rice. Further studies are needed to investigate the effec-
tiveness of  Der f  2 Tg rice in treating asthma symptoms.

SAFETY OF RICE SEED-BASED ORAL 
IMMUNOTHERAPY
So far a series of  oral IT trials have raised several safety 
concerns including gastrointestinal symptoms[43,44,54]. 
However, such adverse effects were not observed in cy-
nomolgus macaques at least by daily oral administration 
of  high-dose 7Crp Tg rice for 26 wk[99]. Although further 
investigation into its safety is required, Tg rice-based oral 
IT may be safer than other modes of  IT.

CONCLUSION
We have demonstrated the potential of  Tg rice-based oral 
IT for treating allergic diseases such as allergic rhinitis and 
bronchial asthma in preclinical animal studies. Because 
rice-based oral IT is highly effective an does not produce 
side effects, this mode of  treatment promises to become 
a new approach to oral IT that will improve the quality 
of  treatment for allergic diseases, replacing established 
drug therapies and other types of  IT. A clinical trial of  
Tg rice is under development to evaluate the efficacy and 
safety of  Tg rice-based oral IT in human subjects.
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Abstract
Drug induced liver injury (DILI) is a common condition 
of increasing incidence. Many environmental and ge-
netic factors are involved in its pathogenesis, and im-
munological mechanisms are also thought to contribute 
to the development and severity of DILI. This review 
summarizes current understanding of the immunologi-
cal pathogenesis of DILI and discusses the perspective 
for clinical applications.  

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Drug-induced liver injury (DILI) is a common 
liver disease that occurs frequently after drug ingestion. 
DILI can be classified as predictable or idiosyncratic. 
The former is dose dependent, has a short latency pe-
riod, and results from direct toxicity of the drug or its 
metabolite(s). Idiosyncratic DILI may be more prob-
lematic because it is usually unpredictable and is found 
more frequently in the clinical setting. This type of DILI 
is due to an allergic reaction or the toxicity of metabo-
lites generated via  individual drug metabolism reac-
tions. Various factors, such as environmental, genetic 

and immunological reactions, may be associated with 
adduct formation and the onset of DILI. This review 
summarizes current knowledge on the immunological 
aspects of DILI, including its pathogenesis, diagnosis 
and treatment.
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INTRODUCTION
Drug-induced liver injury (DILI) is a common liver dis-
ease that occurs frequently after drug ingestion including 
herbal medicine. Its incidence is reported to be increas-
ing[1]. Clinical manifestations of  DILI vary from tran-
sient mild elevation of  liver enzymes to fulminant liver 
failure leading to death. DILI can be divided into three 
types according to the pattern of  liver injury; hepatocel-
lular [alanine aminotransferase (ALT) ≥ 3 upper limit 
of  normal (ULN) and ALT/ alkaline phosphatase (ALP) 
ratio ≥ 5], cholestatic (ALP ≥ 2 ULN and ALT/ALP 
ratio ≤ 2), and mixed type (2 < ALT/ALP ratio < 5)[2]. 
In addition, DILI can be classified as predictable or id-
iosyncratic[3]. The former is dose dependent, has a short 
latency period, and results from direct toxicity of  the 
drug or its metabolite(s); e.g., acetaminophen. Idiosyn-
cratic DILI may be more problematic because it is usu-
ally unpredictable and is found more frequently in the 
clinical setting. This type of  DILI is due to an allergic 
reaction or the toxicity of  metabolites generated via indi-
vidual drug metabolism reactions. Various factors, such 
as environmental, genetic and immunological reactions, 
may be associated with adduct formation and the onset 
of  DILI. This review will summarize current knowledge 
on the immunological aspects of  DILI, including its 
pathogenesis, diagnosis and treatment.      
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IMMUNOLOGICAL PATHOGENESIS OF 
DRUG-INDUCED LIVER INJURY 
DLII is thought to occur through direct toxic or allergic 
effects of  drugs. However, there is another mechanism, 
in which DILI is induced by toxic or reactive metabolites 
produced through abnormal metabolism. Most drugs are 
fat-soluble, with the liver being the main organ for their 
biotransformation and elimination. Drug elimination by 
the liver may be determined by several reactions, such 
as hepatic blood flow, hepatic metabolism and biliary 
extraction. Drug metabolism in the liver largely depends 
on the hydroxylation activity of  cytochrome P (CYP) 450 
enzymes (Phase 1 reaction); the products are unstable or 
reactive metabolites; and the process is affected by vari-
ous factors, such as genetic alterations[4]. The hydroxyl-
ated metabolites are then conjugated by gluconization, 
sulfonization, glutathionization, or acetylation (Phase 2 
reaction), followed by their transport to the extracellular 
space as water-soluble, stable and detoxified products 
(Phase 3 reaction). These final metabolites are excreted 
into the urine or bile juice. During this process, most of  
the targets for immune attack are thought to be unstable 
and reactive metabolites conjugated with intracellular 
proteins or macromolecules. These newly formed anti-
gens are recognized by immune cells. Activation of  the 
immune system generates autoantibodies and cell-medi-
ated immune responses, leading to injury to hepatocytes[5] 
(Figure 1).

Animal models of the immunological pathogenesis of 
DILI 
Immunological mechanisms leading to DILI have been 
widely explored using experimental animal models and 
predictable drugs such as acetaminophen. In DILI, the 
balance between pro- and anti-inflammatory responses 
resulting from the activation of  the innate immune sys-
tem in the liver determines tissue susceptibility and the 
severity of  liver injury[6].

Model of acetaminophen-induced liver injury in mice
Acetaminophen induced liver injury (AILI) involves glu-
tathione depletion and covalent binding of  a metabolite 
of  acetaminophen to mitochondrial protein, both es-
sential mechanisms of  hepatocyte death. Acetaminophen 
hepatotoxicity is dependent upon its metabolic trans-
formation to the reactive metabolite N-acetyl-p-benzo-
quinone imine (NAPQI) by CYP450[7]. Following the 
phase 2 process of  conjugation detoxification, NAPQI 
becomes covalently bound to hepatic mitochondrial pro-
tein, leading to cell death. Cell damage induces the release 
of  damage-associated molecular patterns (DAMPS), such 
as HMGB-1 and heat shock proteins (HSP), which then 
activate the innate immune system[8]. 

In animal models of  AILI, innate immune cells such 
as macrophages and NK/NKT cells play a pivotal role 
in protection against acetaminophen[9-11]. Depletion or 
inactivation of  hepatic macrophages markedly reduced 

the severity of  AILI by inhibiting cytokine production, 
especially of  tumor necrosis factor (TNF)-α, soon af-
ter acetaminophen administration[12], but induced more 
severe liver injury at later times, possibly due to the sup-
pression of  delayed production of  prostaglandin by he-
patic macrophages[9]. These macrophages were shown to 
be derived from circulating monocytes that infiltrate the 
liver, but not from resident Kupffer cells[13], with TNF-α 
regarded as an essential participant in the macrophage 
dependent etiology of  AILI[14-16]. 

In contrast, the administration of  anti-NK1.1 antibody 
to deplete NK and NKT cells protected mice from AILI, 
probably due to a reduction in IFN-γ concentrations[10]. 
Starvation-induced ketone production has been observed 
in NKT cell-deficient mice, resulting in increases in CY-
P2E1-mediated reactive metabolites and enhanced suscep-
tibility to AILI[11]. More recently, however, NK and NKT 
cells were shown to contribute to protection against AILI 
only in the presence of  dimethyl sulfoxide[17], suggesting 
NK and NKT cells may have little involvement in protect-
ing these mice against AILI. NK/NKT cells are generally 
regarded as being involved in the immunopathogenesis of  
AILI, with IFN-γ being a key molecule. Various cytokines 
and chemokines are produced in response to IFN-γ, with 
these factors promoting neutrophil infiltration[10,18]. NKT 
cells have also been reported involved in a mouse model 
of  halothane-induced liver injury by recruiting neutrophils 
to the liver, with these neutrophils playing a pathogenic 
role in liver injury[19]. In contrast, eosinophil depletion was 
found to reduce the severity of  halothane-induced liver in-
jury in a mouse model, whereas depletion of  neutrophils 
failed to reduce the severity of  liver injury[20]. This study 
found that eosinophils accumulated exclusively around 
areas of  hepatocellular necrosis, suggesting a pathogenic 
role of  eosinophils in liver injury similar to that observed 
in many patients with DILI[20]. Recently, regulatory T-cells 
were also reported to reduce the severity of  trifluroacetyl 
chloride-induced DILI by decreasing the hepatic levels of  
pro-inflammatory cytokines[21].

Dendritic cells (DCs) have also been reported to play a 
protective role in AILI. Hepatic DCs have been reported 
to suppress the severity of  AILI, at least in part, by pre-
venting NK cell activation and inducing neutrophil apop-
tosis[22]. 

In contrast, interleukin (IL)-10 null mice were found 
to be more susceptible to AILI, suggesting that a counter-
regulatory anti-inflammatory response also modulates liv-
er injury[23]. Furthermore, receptors involved in the innate 
immune system, such as toll-like receptors (TLR)-4 and 9 
have been found to play roles in promoting inflammatory 
responses and subsequent pathogenesis of  AILI[24,25]. Col-
lectively, the innate immune system is closely associated 
with the onset and severity of  AILI, which may explain, at 
least in part, the pathogenesis of  AILI in mice. 

Mouse DILI model except for acetaminophen toxicity
Cytokines and immune cells have been reported associ-
ated with the pathogenesis of  DILI but not of  AILI. For 
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example, IL-4 was reported to mediate dicloxacillin-induced 
liver injury in a mouse model[26], and IL-17 and IL-1β were 
found to be involved in the onset of  diclofenac-induced liv-
er injury in mice[27]. Diclofenac has been reported to inhibit 
TNF-α induced survival signals through nuclear factor-κB 
and to sensitize hepatocytes to apoptosis[28]. Thus, the acti-
vation of  the innate immune system in the liver may play an 
important role in immune-mediated idiosyncratic DILI[6,29].

Although experimental data support the hypothesis 
that DILIs are induced through the activation of  the in-
nate immune system within the liver, different cell popu-
lations may be involved in each DILI. Moreover, these 
data are derived from mice with a uniform genetic back-
ground and environment. 

Immunological pathogenesis of DILI in humans
In contrast to mice, genetic background and environment 
are diverse in humans, and most patients who develop 
this disease are receiving multiple drugs. The conditions 
under which DILI develops are therefore more complex 
in humans, making the diagnosis of  DILI and the analy-
sis of  immunological mechanisms more difficult. 

The pathogenesis of  DILI in humans may be influ-
enced by a variety of  genetic and environmental effects 
on drug metabolism and immunological responses. These 
factors may, in turn, be associated with the onset and se-
verity of  DILI in humans (Figure 2)[30]. 

Cytokines
Pro- and anti-inflammatory responses have been observed 
in patients with DILI. For example, a study of  111 pa-

tients with DILI due to acetaminophen overdose included 
measurements of  the plasma concentrations of  cytokines 
such as IL-6, IL-8, IL-10 and monocyte chemoattractant 
protein (MCP)-1[31]. In that study, the concentrations of  
IL-6, IL-8, and MCP-1 were elevated in patients with 
elevated serum ALT[31], with MCP-1 concentration most 
closely associated with the severity of  toxicity. Thus, the 
hepatotoxicity in patients with acetaminophen overdose is 
thought to be due to the direct toxicity of  the acetamino-
phen metabolite, whereas the severity of  toxicity may be 
immunologically determined. 

The expression of  various cytokines and their associa-
tion with the severity of  liver injury have been reported 
in patients with acute liver failure[32]. For example, IL-6 
and TNF-α have been associated with disease progres-
sion, whereas IL-10 was associated with disease protec-
tion. A study of  39 patients with acute liver failure due 
to DILI found that serum IL-17 and IL-21 concentra-
tions were elevated[33] and that autoantibodies were more 
frequently found in patients with than without DILI, 
suggesting that autoimmune responses are involved in its 
pathogenesis[34]. Elevation of  the serum cytokines, IL-1β, 
IL-10, IL-12, IL-13, and TNF-α preceded an increase in 
liver enzymes in a patient with DILI[35]. Moreover, CD8+ 
T cells were reported to produce IFN-γ when peripheral 
mononuclear cells of  patients with the hepatocellular 
type of  DILI were stimulated with the causative drug 
(Figure 3A and B). In contrast, CD14+ monocytes from 
patients with the cholestatic type of  DILI were found to 
produce TNF-α upon stimulation by lysates of  HepG2 
cells that were incubated with the causative drug (Figure 
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its metabolite, when co-incubated with CYP3A4 super-
somes[42].  

HLA genotype and T cell response
Since antigenic peptides are presented on human leuko-
cyte antigen (HLA) molecules, HLA haplotype has been 
shown associated with the development of  various dis-
eases. For example, 57% of  Belgian patients with amoxi-
cillin-clavulanate-induced liver injury had the DRB1*1501 
allele compared with 11% of  the general population[43], 
with the same allele found in 70% of  Scottish patients 
with amoxicillin-clavulanate-induced liver injury[44]. Fur-
thermore, 53% of  patients in the United Kingdom had 
the HLA-DRB1*15 allele, compared with 30% of  the 
general population[45]. Conversely, 9.8% of  patients with 
DILI had the DRB1*07 allele, compared with 29% of  
the general population[45]. Study of  a Spanish cohort did 
not show a significant association between DILI and 
the DRB1*15 allele, but found that the frequency of  
DQB1*06 was significantly higher in these patients than 
in the general population[46]. A recent genome-wide as-
sociation study in a European cohort with amoxicillin-
clavulanate-induced liver injury showed that multiple 
HLA genotypes could affect susceptibility to the onset 
of  the disease[47]. Although several single nucleotide poly-
morphisms (SNPs) within the HLA were found associ-
ated with DILI, the strongest association was observed in 
SNPs within HLA-DRB1 and an independent association 
was found with HLA-A*0201. Moreover, HLA-A*0201, 
DQB1*0602 and amoxicillin-clavulanate-induced liver 
injury were found to be associated with PTPN22, a gene 
associated with the development of  various autoimmune 
diseases[47]. Importantly, only SNPs inside the HLA re-

3C and D)[36]. Thus, the mechanisms responsible for two 
types of  DILI, hepatocellular and cholestatic, may be 
different, with the immune system activated by both the 
drug itself  and its reactive metabolites. 

Assessments of  genetic factors in patients with DILI 
found that the low IL-10 producing haplotype was more 
prevalent, but genetic polymorphisms in IL-10, IL-4 and 
TNF-α were not related to the risk of  developing DILI[37]. 
In contrast, IL-10 polymorphisms were reported associat-
ed with the incidence of  docetaxel-induced liver injury[38]. 
Thus, the balance between pro- and anti-inflammatory 
cytokines plays a significant role in the pathogenesis of  
DILI, and the pattern of  pro- and anti-inflammatory cy-
tokines may be a candidate biomarker of  DILI. 

Autoantibody production
Inhalation of  the anesthetic halothane has been explored 
as an immunoallergic response model. Patients with 
halothane-induced liver injury were found to produce au-
toantibodies that recognize autoantigens and neoantigens 
created by trifluoroacetylation of  hepatic proteins. Incu-
bation of  halothane-pretreated rabbit hepatocytes with 
the sera of  patients with halothane-induced fulminant 
hepatitis increased susceptibility to lymphocyte cytotoxic-
ity[39]. Halothane is metabolized by CYP2E1 to form the 
reactive metabolite acyl halide, which may trigger immune 
responses. Anti-CYP autoantibodies induced by drugs 
have also been found in patients with idiosyncratic drug 
reactions to dihydralazine[40] and tienilic acid[41].  

Monocyte activation
Recently, human monocytic cells have been reported 
activated by hepatotoxic drugs, such as amiodarone and 
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gion were significantly associated with amoxicillin-clavu-
lanate-DILI. 

Recently, activation of  T-cells with a particular HLA 
genotype has been explored in patients with DILI. Flu-
cloxacillin (Flux)-induced liver injury has been strongly 
associated with the HLA-B*5701 allele, with approxi-
mately 85% of  these patients having at least one copy of  
HLA-B*5701[48]. Flux has been reported to activate naïve 
CD8+ T-cells when DCs present the drug antigen in 
patients with HLA-B*5701. Following drug stimulation, 
T-cells expressing CCR4 and CCR9 were found to secrete 
IFN-γ, T-helper 2 cytokines, perforin, granzyme B, and 
FasL[49], with the activation of  CD8+ T cells restricted 
to those with the HLA-B*5701 allele[50]. Hypersensitivity 
reactions without the formation of  conjugates, in which 
drugs can activate the immune system directly and phar-

macologically, have been observed in these types of  al-
lergic reaction[51,52], consistent with earlier results[37]. These 
findings suggest that the HLA genotype and its SNPs 
contribute significantly to susceptibility to DILI, possibly 
through abnormal antigen presentation to T cells.

  Collectively, various immunological mechanisms, 
including innate and acquired immunity, are involved in 
the pathogenesis of  DILI. The balance between pro- and 
anti-inflammatory cytokines may affect the onset and se-
verity of  DILI. 

IMMUNOLOGICAL DIAGNOSIS OF DRUG-
INDUCED LIVER INJURY
Because there are no standard criteria for the diagnosis 
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of  DILI, various clinical scales have been developed. 
The Naranjo Adverse Drug Reactions Probability Scale 
(NADRPS) was proposed for the assessment of  adverse 
drug reactions in 1981[53]. The NADRPS has been widely 
used to diagnose DILI due to its simplicity and wide ap-
plicability, despite it not being developed specifically for 
the diagnosis of  DILI. The Roussel Uclaf  Causality As-
sessment Method (RUCAM) diagnostic scale, first pro-
posed in 1993[2], has been used to classify the pattern of  
liver injury into hepatocellular, cholestatic, or mixed type. 
The RUCAM is based on seven criteria, including tempo-
ral relationship, clinical course (response after withdrawal 
of  drug), risk factors, concomitant drugs, exclusion of  
other non-drug etiologies, likelihood of  a reaction based 
on package labeling, and re-challenge. This method has 
been widely used as a standardized scale with high reli-
ability, reproducibility and specificity. 

The more recently described M and V clinical diag-
nostic scale (CDS) simplified the RUCAM scale by using 
only five criteria[54]. This scale emphasizes immunoallergic 
reactions, such as extrahepatic manifestations[55]. Lym-
phocyte proliferation in response to drugs was observed 
in over 50% of  patients with DILI[54]. In Japan, the diag-
nostic scale similar to the RUCAM scale includes drug-
lymphocyte stimulation tests (DLST) in the diagnosis[56]. 
Thus, although the diagnosis of  DILI is mainly depen-
dent on the course of  the disease and the causative drug, 
some immunological methods have been utilized in its di-
agnosis because immunological mechanisms are involved 
in its pathogenesis.　

Although these methods of  causality assessment 
for DILI are useful in most of  the clinical setting, there 
may be some pitfalls in the diagnosis of  DILI induced 
by herbal medicine[57,58]. Hepatotoxicity due to herbs has 
not been fully recognized and the risk may be underesti-
mated. There is a variety of  the quality of  herbal prod-
ucts, which may makes the evaluation of  the causality 
for DILI by herbs complicated[58]. Furthermore, various 
extracts from herbs have been reported to have immu-
nomodulatory effects via cytokine production, toll-like 
receptor binding, and induction of  signal transduction 
via T-cell receptor or dendritic cell maturation[59-62], all of  
which could be associated with the immunological basis 
for DILI caused by herbs. 

 One of  the most popular additional diagnostic tests 
for DILI is the DLST[63]. In this test, lymphocytes col-
lected from the heparinized peripheral blood of  patients 
are incubated with dilutions of  the suspected drug, with 
lymphocyte proliferation evaluated by 3H-thymidine up-
take. DLST is widely used in Japan and is incorporated 
in Japanese diagnostic criteria for DILI (DDW-J scale). 
However, the sensitivity of  this test is below 50% and 
the lymphocyte response to the suspected drug may not 
necessarily be related to the liver injury. Another test 
using the peripheral blood of  patients is the leukocyte 
migration test (LMT), which has been reported more 
useful than DLST[64]. This test measures the chemotaxis 
of  granulocytes in response to chemotactic factors pro-

duced by mononuclear cells after incubation with the 
suspected drug. Furthermore, a cytokine production test 
showed high diagnostic sensitivity[36]. In this analysis, a 
mixture of  a HepG2 cell extract and culture medium, 
which retain metabolic enzyme activities such as CYP450 
are incubated with dilutions of  the suspected drug, fol-
lowed by incubation with peripheral blood lymphocytes 
isolated from patients suspected of  having DILI. Intracy-
toplasmic cytokines, such as IFN-γ, TNF-α and IL-2, of  
the lymphocytes are finally evaluated by flow cytometry. 
Although these tests are useful for the diagnosis or iden-
tification of  a single causative drug, they are not simple 
to perform and may not be suitable for routine examina-
tions.

Thus, immunological methods detecting lymphocyte 
reactivity against a causative drug or its derivatives may be 
helpful for the diagnosis of  DILI. At this time, however, 
this method is not applicable to all types of  DILI. 

IMMUNOLOGICAL TREATMENT OF 
DRUG-INDUCED LIVER INJURY
The main treatment strategy for DILI is cessation of  
the causative drug. Early recognition of  the adverse ef-
fects of  a drug is most important in managing DILI and 
in preventing severe liver injury. Although few specific 
treatments for DILI have proven beneficial, there are two 
exceptions; N-acetylcysteine for acetaminophen toxicity 
and L-carnitine for valproic acid overdose[65,66]. 

Patients should be assessed carefully by serial bio-
chemical tests. Severe hepatocellular injury may develop 
into acute liver failure, and the only effective therapy for 
the latter may be liver transplantation. Patients with se-
vere liver injury, particularly those with jaundice, should 
be managed carefully and considered for referral to a liver 
transplant specialist. Some treatments that can modulate 
immune functions have been tried in clinical settings, al-
though there is no consensus on their use. 

Corticosteroids are of  unproven benefit for DILI, 
but may be used to treat patients with hypersensitivity 
reactions[67]. The combination of  a corticosteroid and 
ursodeoxycholic acid has been reported safe for patients 
with DILI, leading to a more rapid reduction in bilirubin 
and transaminases[68]. 

CONCLUSION
Various immunological mechanisms are involved in the 
pathogenesis of  the unpredictable type of  DILI. To date, 
however, analyses of  these mechanisms have been un-
satisfactory, and additional studies are required to better 
understand the pathogenesis of  DILI and its diagnosis, 
to predict the extent of  injury in each subject and to 
manage these patients. 
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Abstract
Reactive oxygen species (ROS) take part in diverse 
biological processes like cell growth, programmed cell 
death, cell senescence, and maintenance of the trans-
formed state through regulation of signal transduction. 
Cancer cells adapt to new higher ROS circumstance. 
Sometimes, ROS induce cancer cell proliferation. Mean-
while, elevated ROS render cancer cells vulnerable 
to oxidative stress-induced cell death. However, this 
prominent character of cancer cells allows acquiring 
a resistance to oxidative stress conditions relative to 
normal cells. Activated signaling pathways that increase 
the level of intracellular ROS in cancer cells not only 
render up-regulation of several genes involved in cellu-
lar proliferation and evasion of apoptosis but also cause 
cancer cells and cancer stem cells to develop a high 
metabolic rate. In over the past several decades, many 
studies have indicated that ROS play a critical role as 
the secondary messenger of tumorigenesis and metas-
tasis in cancer from both in vitro  and in vivo . Here we 
summarize the role of ROS and anti-oxidants in contrib-
uting to or preventing cancer. In addition, we review 
the activated signaling pathways that make cancer cells 
susceptible to death.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Oxidative stress; Reactive oxygen species; 
Carcinogenesis; Apoptosis; Signal transduction; Antioxi-
dants

Core tip: Reactive oxygen species originally used to 
induce injurious cellular effects are now recognized as 
key physiological molecules for the induction of host 
defense genes, activation of transcription factors, and 
regulation of signal transduction. Tumorigenic cells can 
induce a new redox balance, resulting in cellular adap-
tation and proliferation. Here, we review the role of oxi-
dative stress in cancer cells using a pathophysiological 
view. 
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INTRODUCTION
The high intracellular ROS levels are related to various 
human diseases, including neurodegenerative disease[1-7], 
inflammatory disease[8,9], cardiovascular disease[10,11], im-
mune system dysfunctions[12], obesity[13], and diabetes[14,15]. 
Survival of  tumor cells is greatly dependent on their 
capacity to control expression of  endogenous antioxi-
dants to maintain the upper standard level of  ROS be-
low the threshold that will induce tumor cell death[16,17]. 
ROS could contribute to the initiation of  cancer by 
accelerating tumorigenic signaling pathways, increasing 
DNA mutations and changing the activity of  the tyro-
sine phosphatases superfamily[18-21]. For example, cancer 
inactivates the tumor suppressor phosphatase and ten-
sin homolog (PTEN) by oxidation[22,23] and inhibits the 
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mitogen-activated protein kinase (MAPK) phosphatase 
by ROS, which in turn induces activation of  extracellular 
signal-regulated kinases (ERK). Although greater oxida-
tive stresses activate nuclear factor-kappa B (NF-κB) 
for growth or survival, high intracellular ROS levels also 
lead to activation of  c-Jun N-terminal kinase (JNK) and 
p38 kinases, and their activities often facilitate cell apop-
tosis[24,25]. Normally, the inhibition of  PTEN by ROS 
activates the phosphoinositide-3 kinase (PI3K)/Akt sig-
naling pathway and blocks cell apoptosis[26,27]. In contrast 
to the apoptotic death, necrosis induces via mitochondrial 
production of  ROS after signaling from tumor necrosis 
factor-α (TNF-α) or death receptor[28,29]. Interestingly, 
apoptotic cells inhibit ERK1/2 but induce p38 and JNK 
inside macrophage, while necrotic cells induce macro-
phage ERK1/2[30-32]. ROS-mediated signaling has received 
more attention in oncological studies than ROS-mediated 
cellular stress and damage of  cancer cells. In this article, 
we present and summarize the interaction between redox 
status or redox signaling systems and apoptosis in tumor 
cell death and anti-cancer treatments. 

ROS CellUlaR SOURCeS aND 
DeTOxIfICaTION 
ROS are mainly generated from mitochondrial electron 
transfer complex (ETC) during the reduction of  oxy-
gen. Superoxide anion (·O2

-) generated by O2 from the 
mitochondrial electron transport chain, which is usu-
ally changed into hydrogen peroxide (H2O2) by several 
cytoprotective enzymes, including superoxide dismutase 
(SOD)[33,34]. Although scientists are now considering the 
consequences of  different levels of  oxidative stress, ROS 
formation in cells can inflict serious hazards and was 
originally known for their ability to induce injurious cel-
lular effects.

Sources of oxidative stress (internal and external)
Reactive oxygen species (ROS) are the most abundantly 
produced oxygen species in mitochondria. Reactive nitro-
gen species (RNS) are also produced during intracellular 
metabolic processes in mitochondrial ETC. Extracellular 
ROS can be also found in a variety of  natural or acquired 
environment. NAD(P)H oxidase (NOX) can be found 
in cell membrane phagosomes in neutrophil. The NOX 
complex is composed of  seven members, NOX1-5, 
and two dual oxidases (Duox), Duox1 and Duox2[35]. 
Although activation mechanisms and tissue distribution 
are significantly different, all these enzymes, including cy-
tochrome c oxidase and cyclo-oxygenase (COX) are able 
to generate superoxide anion[36,37]. Nitric oxide (NO·) is 
produced from arginine catalyzed by a nitric oxide syn-
thase (NOS). Fast reaction between ·O2

- and NO· gives 
rise to peroxynitrite (ONOO-) and ONOO- is oxidizing 
molecule that connected to cancer. NO· is finally con-
verted into a hydroxyl radical and nitrite anion (NO2

-)[38,39]. 
Numerous agents, including anti-cancer drugs, have been 
shown to induce proliferation or apoptosis through ROS 

production in various cancer types. Low sodium arsenite 
induces MCF-7 epithelial breast cancer cell proliferation 
by ROS production, activation of  NF-κB, and increases 
in c-Myc and heme oxygenase-1 (HO-1)[40]. ROS-enhanc-
ing compound, such as piperlongumine, is insufficient to 
induce death of  cancer cell lines including osteosarcoma 
cells, breast, and glioblastoma cancer cells, but not in nor-
mal cells[41-43].

Natural defense mechanisms of antioxidants
Although the ROS levels modestly increases in tumori-
genic cells, intracellular ROS is maintained below a toxic 
level in normal cells by various scavengers and anti-
oxidative enzymes. Besides mitochondrial superoxide dis-
mutases (SODs), catalase, glutathione (GSH), peroxidase 
(GPx), and peroxiredoxin also modulate oxidative sta-
tus[44]. SODs are metalloenzymes which catalyze the dis-
mutation of  ·O2

- to O2 and H2O2. They ubiquitously exist 
in eukaryotes and prokaryotes. SODs also play a critical 
role in inhibiting oxidative inactivation of  NO, thereby 
preventing ONOO- formation and mitochondrial dys-
function[45]. SODs utilize metal ions such as copper (Cu2+), 
zinc (Zn2+), manganese (Mn2+) or iron (Fe2+) as cofactors. 
Ferric ions catalyze hydrogen peroxide, which is the Fen-
ton reaction[46]. Catalase, which is located in peroxisomes, 
facilitates the decomposition of  H2O2 to water and oxy-
gen and protects cells from H2O2 produced within the 
cell[46]. GPx catalyzes the reduction of  hydrogen peroxide 
using cellular GSH as the reducing reagent. GPx converts 
H2O2 to H2O + O2

[47]. Peroxiredoxins are thioredoxin 
peroxidases that catalyze the reduction of  hydrogen per-
oxide, organic hydroperoxides and peroxynitrite[48]. In 
neutrophil, many species of  bacteria are killed readily by 
a myeloperoxidase/hydrogen peroxide/chloride system. 
HOCl, oxidizing chloride ions, is the most bactericidal 
oxidant produced by myeloperoxidase[49].

The ROle Of ROS IN CaNCeR CellS
Besides, genetic factors have important roles in the 
transforming events that lead to carcinogenesis. The en-
hanced oxidative stress is generally associated with cancer 
promotion and progression. Meanwhile, high levels of  
ROS are less harmful in cancer cells than they would 
be in normal cells because cancer cells have developed 
mechanisms to keep themselves from intrinsic oxidative 
stress through regulation of  antioxidant functions and 
pro-survival molecules[16,17]; however, oxidative stress still 
has a negative impact on various types of  cancer cells as 
well[50,51]. The identification of  specific alterations in criti-
cal cellular components by ROS can provide evidences 
for early detection, prevention of  cancer.

ROS in chronic inflammation associated with cancer
Over the several years’ studies about the cytokine, inflam-
matory cells and cytokines found in neoplastic tissues 
seems to contribute to tumor growth, progression, and 
immunosuppression. ROS induced by these cells and 
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cytokines facilitate cancer growth, invasion, and metasta-
sis through DNA damage or inhibition of  DNA repair. 
Chronic inflammation predisposes cells for an onco-
genic transformation through overproduction of  ROS, 
increased COX-2, and aberrant NF-κB expression[52,53]. 
Defective mitochondria have also been characterized by 
excessive ROS production in several chronic human dis-
eases associated with inflammation. ROS derived from 
mitochondria (mtROS) enhance signaling pathways to 
produce pro-inflammatory cytokine subsets. mtROS acti-
vates NOD-like receptor family, pyrin domain containing 
3 (NLRP3) inflammasome-dependent pro-inflammatory 
cytokine production[18,54]. 

Oxidative stress can activate various transcription fac-
tors including NF-κB, activating protein-1 (AP-1), p53, 
and hypoxia inducible factor-1α (HIF-1α). Activation of  
these transcription factors can result in the expression 
of  numerous different genes, including cytokines and 
chemokines[55,56]. Nuclear factor erythroid-related factor 
2 (Nrf2) is one of  the master transcription regulators 
in controlling antioxidant responses. Nrf2 controls the 
expression of  hundreds of  genes, including NAD(P)H:
quinone oxidoreductase 1 (NQO1), Glutathione S-trans-
ferase (GST), GPx and oxidoreductases for inflammatory 
responses, tissue remodeling and fibrosis, carcinogenesis, 
and metastasis[57-59]. Kelch-like protein 1 (Keap1), a sup-
pressor protein anchored in the cytoplasm that physically 
binds Nrf2, controls the access of  Nrf2 to promoters of  
Antioxidant Response Element (ARE)-regulated antioxi-
dant enzymes[60,61]. MAPK, PI3K, atypical protein kinase 
C (PKC), and other pathways are also found as alternative 
pathways for Nrf2 activation[62,63]. Importantly, somatic 
mutations that disrupt the Nrf2-Keap1 interaction are 
identified in cancer patients. In non-small-cell lung cancer 
(NSCLC) cells with Keap1 gene mutations, Nrf2 is con-
stitutively activated and cells proliferate independently of  
epidermal growth factor receptor (EGFR) signaling[64-66]. 
Although the above-mentioned studies show the effects 
of  ROS-mediated inflammation in carcinogenesis, It is 
contrast with blockade of  NF-κB predisposes murine 
skin to squamous cell carcinoma. RelA subunit of  NF-
κB has tumor suppressing activity under some circum-
stances[67-71]. Because NF-κB is modulated by ROS, the 
effects of  ROS on carcinogenesis may be unfavorable to 
certain type of  cells and conditions. 

Role of ROS in mitochondrial DNA mutations
Although the significance of  ROS and antioxidant sys-
tems in carcinogenesis is still controversial, substantial 
evidence suggests that an increase of  intracellular ROS 
might contribute to carcinogenesis[72-74]. ROS also might 
stimulate the expansion of  initiated cell clones through 
stimulation of  cell proliferation and suppression of  apop-
tosis[72]. The involvement of  mitochondria in disease has 
been largely recognized to their essential role in produc-
tion of  ROS and to the damaging effect of  chemical 
agents or pathological conditions on these organelles[33,52]. 
Recently, several studies have reported that tumorigenic 

mitochondrial DNA (mtDNA) mutations affect respira-
tory chain complexes. Decreased mitochondrial activ-
ity is considered to be tumorigenic, mainly because of  
the enhanced ROS production. H2O2 exported to the 
nucleus enhances the transcription of  selected genes that 
favor tumor progression[75,76]. Depletion of  mtDNA, 
especially encoded OXPHOS genes, plays a key role in 
transformation of  breast epithelial cells. Breast epithelial 
cells results in in vitro tumorigenic phenotype as well as 
breast tumorigenesis in a xenograft model[77]. Claudin-1 
and 7 in p53 network of  breast epithelial cells are down-
regulated in tumorigenesis[77]. In humans, mtDNA muta-
tions coding (ND1, ND4, ND5, and cytochrome b genes) 
or noncoding regions are frequently detected in breast 
cancer tissue[78,79]. However, the pathological relevance of  
mtDNA mutations in cancer cells is still controversial[80]. 
Nonetheless, a clear-cut correlation between the occur-
rence of  pathogenic mtDNA mutations and mitochon-
drial energetic impairment is a well-demonstrated feature 
of  oncocytomas, characterized by disruptive mutations 
of  mtDNA, especially in complex Ⅰ subunits[81]. Initial 
enhanced ROS generation may induce supercomplex dis-
organization, eventually leading to a possible decrease of  
complex Ⅰ assembly[82]. Dissociation of  the supercomplex 
might further induce ROS generation and have harmful 
consequences, such as disassembly of  complex Ⅰ and Ⅲ
[83,84]. However, ROS measurements in tumor biopsies are 
not practicable currently in oncocytoma. Further studies 
are needed to understand whether ROS may influence the 
proliferative potential and accumulation of  mutations in 
oncocytoma. Because elevated ROS have been proposed 
to induce apoptosis, additional studies are required to 
determine the role of  apoptosis in regulating the survival 
and proliferation of  oncocytic cells. It has been reported 
that the cell line carrying the heteroplasmic ND5 mtDNA 
mutation showed progressively decline of  respiratory 
function and significantly enhancement of  dependence on 
glucose in tumor growth, while cells with homoplasmic 
ND5 mutation inhibited tumor formation[85,86]. 

SIgNalINg paThwayS RegUlaTeD by 
ROS IN CaNCeR
ROS-related pathways are considerably activated in many 
types of  cancers. In particular, transient formation of  
H2O2, as second messengers, participates in growth, pro-
liferation, and metabolism[87]. The level of  intracellular 
ROS has a considerable influence on various signal path-
ways, including MAPK signaling cascades[88,89], PI3K/Akt 
signaling cascades[90,91], and IκB kinase/NF-κB signal-
ing pathway[40,92]. Oxidative stress-mediated signaling 
involves all characters of  cancer cell behaviors, such as 
cell survival, apoptosis, energy metabolism, angiogenesis, 
metastasis, and cancer stem cell generation. Researchers 
have noticed that some cancer cells show death or ar-
rested growth when exposed to increased ROS, whereas 
others are able to eliminate even high levels of  ROS for 
survival[93,94]. Emerging research indicates that modest in-
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generated by exogenous administration of  ROS enhance 
the proliferation of  several cancer types. Akt activity 
and cell growth are significantly stimulated by treating 
hepatoma cells with low concentration of  ROS, which 
could be abolished by adding antioxidants. PI3K inhibi-
tor, wortmannin, inhibits Akt phosphorylation induced 
by ROS[115]. In another study, monomethylarsonous 
acid (MMAIII), ROS inducer, induces proliferation and 
activation of  MAPK pathway as well as up-regulation 
of  COX-2 and EGFR in human urothelium cells[116]. 
Generally, COX-2 expression is induced by NF-κB, not 
CCAAT/enhancer binding protein (C/EBP) in chronic 
gastritis and gastric cancer. Sphingosine kinase 1 and 
Sphingosine-1-phosphate are required for TNF-induced 
COX-2 induction in lung cancer[117,118].

Apoptosis and necroptosis
Elevated intracellular ROS levels in cancer cells render 
these cells more vulnerable to oxidative stress-induced 
cell death. Therefore, cancer cells can be selectively 
killed without harming normal cells. Intracellular ROS 
levels in tumor cells are more likely to reach a threshold 
that triggers death after exposing to exogenous ROS-
producing or -stimulating agents[119-121]. Apoptosis is 
prompted through extrinsic and intrinsic pathways[122]. In 
the extrinsic pathway, ROS are generated by ligation of  
cell surface death receptors [CD95(Fas), TNFR1, death 
receptor 3 (DR3), and DR5]. In turn, death receptor-
ligand interaction leads to the subsequently activation 
of  Fas-associated protein with death domain (FADD) 
and caspase-8[123-126]. In the intrinsic pathway, apoptosis is 
induced by mitochondria membrane disruption without 
involving death receptors. Subsequently, ROS activated 
by Bcl-2 family members, which are located in the outer 
mitochondrial membrane make pore. That results in 
cytochrome c release, apoptosome formation, and activa-
tion of  caspases-3 and -7[127]. Exogenous administration 
of  H2O2 induces apoptosis in various cancer cells, includ-
ing lymphoma cells[128], leukemia cells[129,130], hepatoma 
cells[42,131], and bladder cancer cells[132] through the activa-
tion of  MAPK signaling pathways. 

ROS have been paid little attention in adaptive im-
munity because ROS production by the transformed and 
primary human B cells is very low compared to the levels 
of  ROS are released by phagocytes[133,134]. However, later 
studies showed T cell receptor (TCR) or B cell receptor 
(BCR) engagement elicits ROS production transiently and 
superoxide controls pro-apoptotic and proliferative signal 
transduction, respectively[135,136]. In previous reports, we 
have shown that ROS might regulate apoptosis of  lym-
phocytes directly or indirectly using EBV-transformed 
B cells as lymphoma or using an activated B cell model. 
Engagement of  B7-H4, a negative regulator of  T-cell 
mediated responses, induces the high levels of  intracel-
lular ROS and the expression of  FasL. B7-H4 ligation 
induces Fas/FasL-mediated apoptosis through activa-
tion of  caspase. Subsequently, cytochrome c, apoptosis-
inducing factor (AIF), and endonuclease G (EndoG) are 

creases in ROS are oncogenic, whereas dramatic increases 
in ROS seem to suppress tumors[95]. GTPase Rac1 in the 
cytoplasm activates NF-κB and markedly blocks the ac-
tivity of  caspase-3 and TNF-induced apoptosis, whereas 
mitochondria-derived ROS promote TNF-induced apop-
tosis[96]. ROS generated by the newly described NOX5 are 
essential for prostate cancer growth[97]. NOX4-mediated 
ROS generation in extracellular matrix of  cancer partially 
transfers cell survival signals through the Akt/apoptosis 
signal-regulating kinase 1(ASK1) pathway in pancreatic 
cancer cells[98]. Inhibiting ROS with the antioxidants, 
NOX4 antisense, or MnSOD overexpression efficiently 
stimulates apoptosis in pancreatic cancer cells[99]. ROS 
produced by NADPH oxidase also inhibit protein tyro-
sine phosphatases (PTPs) and sustain the activation of  
Janus kinase 2 (Jak2)[91,100]. 

Proliferation and survival
The high intracellular ROS levels in cancer cells are large-
ly the byproducts of  the highly metabolic nature of  these 
cells. These ROS levels could be protumorigenic, but also 
increase the susceptibility of  cancer cells to cell death. 
High levels of  ROS in cancer cells indicate hyperactive 
PI3K/Akt signaling generated by increased mitochon-
drial metabolism and by the suppression of  antioxidant 
gene expression, through the inhibition of  forkhead box 
O (FOXO) transcription factor[101]. In addition to elevat-
ing SOD2 and catalase, FOXO induces the expression 
of  Sestrin3[102,103]. Sestrin3 is a member of  a family of  
proteins that includes Sestrin1 and Sestrin2, which were 
originally identified as antioxidants induced by the tumor 
suppressor p53[104,105]. Thus, the suppression of  Sestrins 
expression in cancer cells could increase intracellular 
ROS and activate mammalian target of  rapamycin com-
plex 1 (mTORC1). ROS produced by reactive oxygen 
species modulator 1 (Romo1), a mitochondria-localized 
protein[106-108], are necessary to the ERK-dependent pro-
liferation of  lung cancer cells[108]. Similarly, high intracel-
lular ROS levels generated by inactivation of  antioxidant 
mechanisms has been connected with increased prolifera-
tion of  breast[109] and ovarian[110] cancer cells.

Methionine sulfoxide reductase A (MsrA), a ROS 
scavenger, is down-regulated in a number of  breast can-
cers. Moreover, reduction of  MsrA levels results in in-
creased ROS levels, which reduces the PTEN activity and 
activates PI3K pathway and leads to increased cell prolif-
eration and a more aggressive cellular phenotype conse-
quently[109]. Cancer cells adopt alternative mechanisms of  
antioxidation in order to maintain the intracellular level 
of  ROS below a toxic threshold level[109-111]. Forkhead box 
M1 (FOXM1) is expressed at low levels in normal cells, 
but its expression is markedly elevated in cancer cells[111]. 
FOXM1 controls multiple pro-tumorigenic activities, but 
also reduces ROS levels through the transcriptional in-
duction of  SOD2, catalase, and mitochondrial-dependent 
peroxide reductase[112]. In addition, the expression of  de-
toxifying enzymes such as GST and NQO1 are elevated 
in cancer cells[113,114]. The high intracellular ROS levels 
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released from the mitochondria on EBV-transformed B 
cells after stimulation of  B7-H4[137]. B7-H1 stimulation in 
EBV-transformed B cells also induces both transcription 
and translation of  FasL. B7-H1 stimulation activated the 
phosphorylation of  JNK and down-regulated ERK1/2 
and p-Akt. N-acetylcysteine (NAC), ROS scavenger, and 
SP600125 completely blocked the induction of  FasL and 
activation of  JNK. B7-H1-mediated apoptosis on EBV-
transformed B cells may be involved in the induction 
of  FasL, which is evoked by ROS generation and JNK 
activation after cross-linking of  B7-H1[138]. Ligation of  
CD70, the ligand for CD27, expressed on EBV-trans-
formed B cells induced production of  ROS and triggered 
ER stress-mediated apoptosis via ROS generation and 
MAPK pathway activation. These reports suggest that 
ROS-mediated alternate signaling pathways induce apop-
tosis and provide information supporting ROS as a target 
against EBV-related tumors[139,140]. The present paradigm 
of  cell death is caspase-dependent apoptosis, whereas 
necroptosis is a regulated through caspase-independent 
manner[141-143]. TNFα, FasL, and Trail, the same ligands 
that can initiate apoptosis also trigger the necroptosis. 
Receptor-interacting protein-1 (RIP-1) and RIP-3 play a 
critical role in TNF-induced necroptosis[144]. TNF-medi-
ated ROS generation and their lethal action are confined 
to the inner mitochondrial membrane in L929 cells[145,146]. 
ROS scavenger butylated hydroxyanisole (BHA) efficient-
ly blocks TNF-induced necroptosis. Interestingly, inhibi-
tors of  NF-κB facilitate TNF-induced necrotic cell death, 
suggesting that NF-κB suppresses the necrotic cell death 
pathway[147]. However, antioxidant treatment against ROS 
is unable to protect all cell lines from necroptosis[141,148]. 
Recent work revealed the critical role of  RIP-3 kinase ac-
tivity in linking TNFR1/RIP-1-associated events. RIP-3 
binds RIP-1 through this unique C-terminal segment to 
inhibit RIP- and TNF receptor-1-mediated NF-κB acti-
vation and necrostatin-1, RIP-1 kinase inhibitor, prevents 
RIP-1/RIP-3 interaction from necroptosis[149,150].  

Role of ROS in tumor cell dissemination
ROS mediate induction of  matrix metalloproteinases 
(MMPs) involved in cancer invasion and metastasis. ROS 
have been reported to cause a significant increase in the 
production and expression of  MMP-7. MMP-7 expres-
sion after H2O2 exposure is mediated by AP-1-dependent 
MAPKs in colorectal cancer cells[151]. ROS also up-reg-
ulate Akt and CXCR4 expression as well as inactivating 
PTEN. ROS mediate CXCR4-dependent cell migration 
cancer progression in prostate cancer cells[152]. Mean-
while, Hydrogen peroxide and hydroxyl radical prevent 
migration of  non-small cell lung cancer cell from inhib-
iting Caveolin-1 down-regulation[153]. TNF or ROS can 
induce p38 MAPK- and MMP-9-dependent angiogenesis 
of  endothelial cells[154,155]. Furthermore, oxidative stress 
induced by H2O2 stimulates angiogenesis and tumor pro-
gression by altering the gene expression of  CXC chemo-
kine ligand 14 (CXCL14) and IL-8 through the EGFR/
MAPK signaling pathway[156]. EGF treatment induces 

H2O2 production, leading to activation of  the Akt and 
vascular endothelial growth factor (VEGF) expression 
for angiogenesis in ovarian cancer cells[90]. Stimulation of  
tumor angiogenesis is connected with intracellular level 
of  ROS. ROS regulate HIF-1α and VEGF expression[157]. 
Antioxidant N-acetyl-l-aspartate (NAC) decreased vessels 
number via suppressing HIF-1α expression in colon[158], 
liver[159] cancer cells. Conditions of  energetic stress could 
lead to oxidative stress. Cancer cells that consume high 
levels of  glucose create energetic stress during the forma-
tion of  solid tumors. Higher levels of  stress may occur 
when cells detach from the matrix and translocate to the 
lumen or during metastasis[160]. Decreased glucose uptake 
during these processes suppresses ATP production and 
activates AMP-activated protein kinase (AMPK), but 
also inhibits the generation of  NADPH via the pentose 
phosphate pathway. Reduced levels of  NADPH result in 
increased intracellular ROS, which could eventually cause 
cell death[161,162]. However, the concomitant activation of  
AMPK elicits alternative mechanisms that maintain intra-
cellular NADPH levels. 

Several studies have reported that cancer-associated 
fibroblasts (CAFs) play a critical role in the metastatic 
spread of  cancer cells[163,164]. ROS-controlled signaling 
mechanisms involved in myofibroblast differentiation 
have diverse cellular effects. Recent data from human 
breast cancers and animal models established that myo-
fibroblasts are derived from bone marrow derived cells 
such as fibrocytes or mesenchymal stem cells[165,166]. More-
over, various mesenchymal cell types including endotheli-
al cells, pericytes, or pre-adipocytes can also be converted 
into myofibroblasts in breast carcinomas as well as local 
resident fibroblasts[167-169]. Mitochondrial ROS genera-
tion results in expression of  NOX4, an enzyme that is 
required for TGF-β-driven conversion of  fibroblasts into 
myofibroblasts[170]. In addition, fibroblasts suffering from 
chronic oxidative stress exhibit properties normally found 
in myofibroblasts[171]. Indeed, fibroblasts derived from 
mouse models exhibiting chronic oxidative stress (such as 
JunD−/− or NRF-2−/− mice, depleted for key anti-oxidant 
transcription factors) are converted into myofibro-
blasts[172]. Cancer cells themselves produce H2O2, which 
is a highly diffusible species. NOX enzymes, located at 
the plasma membrane in various carcinomas, might con-
tribute to the production of  H2O2 and the conversion 
of  surrounding fibroblasts into myofibroblasts[173]. The 
increase of  ROS in the stromal fibroblasts results in the 
promotion of  tumor cell motility and neo-angiogenesis, 
further increasing metastatic dissemination[174,175]. CAFs, 
similar to fibroblasts exposed to chronic oxidative stress, 
express genes that encode for proteases involved in ex-
tracellular matrix (ECM) remodeling, including collagens, 
cell adhesion molecules, and MMPs[171,173]. ROS remodel 
the ECM and create tracks for collective migration of  
tumor cells through the activation of  Rho-dependent 
pathways[176]. Improved understanding of  ROS functions 
in cancer progression or metastasis could therefore help 
pave the way for new concepts in therapy.
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ROS in hypoxia and tumor metabolism
As a cancerous tumor grows, the cancer cells repeatedly 
face limited oxygen supply due to the imbalance between 
growth rate and neovascularization. Cancer cells are 
able to adapt to oxidative stress and switch to glycolysis. 
Tumors utilize the Warburg effect, relying on glycolysis 
to supply energy for cancer cell survival[177]. The ROS 
released from mitochondria during the hypoxia act as sig-
naling molecules that initiate diverse functional respons-
es[178]. The increased ROS under low oxygen conditions, 
HIF-1α becomes transcriptionally active and accumulates 
at low levels of  manganese (Mn)-containing SOD (Mn-
SOD) activity. However, at moderate levels of  MnSOD 
activity, hypoxic induction of  VEGF and HIF-1α protein 
are suppressed in human breast carcinoma cells. This 
suggests that superoxide may contribute to accumulation 
of  HIF-1α[179]. 

HIF-1α expression has been correlated with poor 
prognosis and increased cancer cell invasiveness and 
recent studies have also shown that the antitumorigenic 
effect of  antioxidants is HIF-dependent[180]. HIF-1α 
regulates glycolysis-related genes in response to hypoxia 
and leads to glycolytic ATP generation[181,182]. However, it 
is not yet clear why tumor cells rely on glycolysis in the 
presence of  oxygen and whether cellular ROS involved 
in regulation of  glucose metabolism. ROS Accumulation 
and HIF-1 stabilization in CAFs results from the down-
regulation of  sirtuin-3 (SIRT3), a mitochondrial NAD-
dependent deacetylase. HIF-1α can work with SIRT3 to 
regulate CAF metabolism, driving to metabolic repro-
gramming towards glycolysis[183]. In addition, hydrogen 
peroxide stabilizes HIF-1α thus leading to transcription 
of  genes that code for signaling stromal cells such as 
macrophages and fibroblasts to support an invasive tu-
mor cell phenotype. ROS-mediated HIF-1α helps the 
tumor cell convert energy production from OXPHOS 
to glycolysis, a metabolic switch that has been associated 
with increased metastatic potential[184].

Generation of cancer stem cells using ROS
Stem cells can be difficult to obtain, which makes it chal-
lenging to directly evaluate the role of  ROS and the regu-
latory mechanism in stem cells[185]. However, interesting 
research has been conducted using Hematopoietic stem 
cells (HSCs) in the bone marrow. HSCs are principally 
located in a low-oxygen environment, which allows long-
term protection from ROS-related oxidative stress. The 
ROSlow population has a higher self-renewal potential. In 
contrast, ROShigh population expresses high levels of  the 
activated p38 MAPK and mammalian target of  rapamy-
cin (mTOR)[186]. ROS production and NF-κB activation 
triggered by GTPase Rac 1 are critical events for facilitat-
ing tumorigenesis after APC loss[187]. In comparison with 
cancer cells, cancer stem cells (CSCs) also have a lower 
intracellular ROS content than non-CSCs, which is simi-
lar to HSCs and may be caused by the increased expres-
sion of  antioxidant systems[38,188]. 

ROSlow breast cancer cells are predominantly in qui-

escent phase of  the cell cycle compared with ROShigh 

cells. The expression of  ESR1 or MYC, which are both 
necessary for MCF7 proliferation in ROSlow breast cancer 
cells do not change[189]. Since ROS are critical mediators 
of  ionizing radiation induced-therapy and chemotherapy, 
the expression of  antioxidants in CSCs prevented DNA 
damage and protected cells from irradiation- or drug-
induced cell death[38]. Due to high levels of  antioxidant 
signaling, cancer stem cells also may not be responsive 
to other (chemotherapeutic) treatments that target can-
cer cells by increasing intracellular ROS levels[52]. Ni-
closamide, antihelminthic agent, increases induces apop-
tosis through up-regulation of  ROS in progenitor/stem 
cells from acute myelogenous leukemia (AML) patients as 
well as Niclosamide inhibits the transcription and DNA 
binding of  NF-κB[190]. Niclosamide is synergistic with the 
frontline chemotherapeutic agents, such as cytarabine, 
etoposide, and daunorubicin[190]. The peroxisome prolif-
erator-activated receptor γ (PPARγ) is a ligand-dependent 
transcription factor belonging to the nuclear hormone 
receptor superfamily[191]. PPARγ agonists inhibit the stem 
cell-like features and repress tumor growth of  human 
hepatocellular carcinoma (HCC) cells through NOX2-
mediated ROS generation[192]. To date, it is unclear how 
ROS kill CSCs, although it does appear that ROS levels 
in normal or cancer environment may influence develop-
ment and differentiation of  stem cells[193]. 

ROS in autophagy
Autophagy is activated under stress conditions as pro-
tective process for the cell and in various pathological 
conditions, including cancer and neurodegenerative 
diseases[194-196]. One major breakthrough in both the un-
derstanding of  autophagy regulation and its implication 
in cancer was the discovery of  Beclin-1. Mutation of  
Beclin-1 is detected in human breast, ovarian, and pros-
tate cancer[197]. Beclin-1(-/-) mutant mice die in early em-
bryonic stage and Beclin-1(+/-) mutant mice have shown 
the decreased autophagy formation and suffer from a 
high incidence of  spontaneous tumors[198]. Beclin-1 is the 
first identified tumor suppressor protein that functions in 
the lysosomal degradation pathway of  autophagy. Bcl-2, 
a specific inhibitor for apoptosis, inhibits starvation-
induced autophagy in cancer cells and mice through in-
teracting with Beclin-1[199,200]. In addition, oncogenic sig-
naling molecules, including class I PI3K, Akt, and mTOR 
suppress the macroautophagic pathway. However, PTEN 
and p53 stimulate autophagy[201-203]. Autophagy-related 
genes (Atg) 4, a direct target for oxidation by Intracellular 
H2O2 generated during starvation, is regulated by con-
jugating Atg8 at the site of  autophagosome formation 
via the lipidation of  Atg8[204]. Low levels of  ROS modify 
Atg4 and HMGB1 proteins, which activate AMPK and 
ASK1/JNK pathways or transactivate various proteins 
that could up-regulate autophagy, leading to reductions in 
apoptosis[205]. MAPKs, such as JNK and p38 MAPK, play 
a critical role in ROS-mediated autophagy events[206,207]. 
Meanwhile, activated ERK and JNK are also upstream 
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effectors controlling both autophagy and apoptosis in 
response to elevated intracellular ROS[208]. Antioxidant, 
N-acetyl-l-cysteine (NAC), clearly reduces K-Ras-induced 
Atg5 and Atg7 induction, autophagy, and malignant cell 
transformation[209]. Starvation-induced production of  
·O2

- induces autophagy and cell death. Exogenous H2O2 

is effectively converted to intracellular ·O2
- leading to 

autophagy-induced cell death. Overexpression of  SOD2 
and 3-methyladenine, autophagy inhibitor, attenuate star-
vation-induced autophagy[210]. 2-Methoxyestradiol inhibits 
SODs and induces autophagy-mediated cell death in the 
transformed or cancer cell lines, but not in astrocytes[210]. 
From these results, understanding the mechanisms that 
regulate the crosstalk between ROS and autophagy regu-
lation is important for various disorders, including neuro-
degenerative diseases and cancer.

ROS aS a TheRapeUTIC TaRgeT fOR 
CaNCeR TReaTmeNT aND pReveNTION 
Many chemotherapeutic drugs are designed to increase 
cellular ROS levels with the goal of  inducing irreversible 
damage, consequently resulting in tumor cell apoptosis. 
For example, intracellular ROS levels increase in a dose-
dependent manner in A549 human lung cancer cells after 

treatment with paclitaxel. Addition of  NAC or GSH, two 
H2O2 scavengers, induces a four-times increase in pacli-
taxel IC50

[211]. Combined treatment with trichostatin A and 
gemcitabine synergistically inhibits growth of  pancreatic 
adenocarcinoma cell lines and induces apoptosis through 
the induction of  ROS by gemcitabine[212]. Wogonin, a 
flavonoid isolated from Scutellaria baicalensis, synergistically 
sensitizes cancer cells to TNF-induced apoptosis through 
inhibition of  catalase activity and an increase of  cellu-
lar H2O2. Wogonin-induced ROS inhibit TNF-induced 
phosphorylation on the NF-κB p65 subunit[213]. Muta-
tions in mitochondrial genes (mtDNA), such as the gene 
encoding cytochrome c oxidase II, are associated with in-
creased ROS generation and involved in cancer initiation 
and progression[74-76]. However, the susceptibility of  mi-
tochondrial DNA to ROS-induced mutation may also be 
utilized for therapy[214]. Low levels of  exogenous H2O2 or 
H2O2 produced by mitochondria induce a modest drop in 
ATP level, delayed toxicity, and G2/M arrest without af-
fecting cell viability. Concomitant inhibition of  glycolysis 
was found to markedly sensitize cells to death in the pres-
ence of  nontoxic concentrations of  H2O2

[215]. Another 
approach to regulating intracellular ROS levels is the use 
of  antioxidants to prevent tumor cells from entering the 
ROS-mediated survival signaling pathway. ROS, as sec-
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Figure 1  The role of reactive oxygen species on cancer cells to explain the different effects at each condition. Reactive oxygen species (ROS) level inside 
cancer cell appears varied even within a given type of cancer cells. A so-called “double-edged sword strategy” uses to manipulate the opposite role of ROS sequen-
tially to kill cancer cells more effectively. VEGF: Vascular endothelial growth factor; PI3K: Phosphoinositide-3 kinase; PTEN: Phosphatase and tensin homolog; HIF-
1α: Hypoxia inducible factor-1α; JNK: C-Jun N-terminal kinase; AMPK: AMP-activated protein kinase; SOD: superoxide dismutase; NOX: NAD(P)H oxidase.
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ond messengers in signaling pathways, regulate not only 
kinase phosphorylation (MAPK, Rho kinase) but also 
transcription factors (NF-κB, AP-1, and HIF-1). ROS 
also up-regulate proto-oncogene and pro-inflammatory 
gene expression and activity[216,217]. The protective effects 
of  antioxidants have generated significant interest in de-
veloping synthetic and natural antioxidants as therapeutic 
agents to prevent and/or treat patients with cancer. 

Several clinical trials have been published regarding 
the effects of  antioxidant vitamins on the risk of  car-
diovascular disease. However, clinical trial data has been 
inconsistent and inconclusive, until now[218]. Although ox-
idative stress against cancer cells induces apoptosis, sever-
al exogenous antioxidants also produce favorable effects 
in various cancer patients[219]. The major antioxidant vita-
min systems include vitamin E, vitamin C, and GSH[220]. 
Vitamin C (ascorbic acid) is a water-soluble antioxidant 
involved in the reduction of  radicals by recycling radicals 
produced by oxidation of  vitamin E. A 20 μmol/L rise 
in plasma ascorbic acid concentration is associated with 
an approximately 20% reduction in the risk of  all-cause 
mortality. Ascorbic acid was inversely related to cancer 
mortality in men but not women[221]. In a study con-
ducted in Japan, Vitamin C was found to reduce oxidative 
stress among subjects with atrophic gastritis[222]. However, 
Vitamins E and C, at high concentrations, also function 
as pro-oxidants causing cell damage[223]. Unfortunately, 
one report showed Vitamin E supplement significantly 
increased the risk of  prostate cancer compared with pla-
cebo group and selenium combination group[224]. There 
is possibility that the bioavailability of  anti-oxidants may 
be insufficient after oral administration, or that they may 
be inaccessible to the source of  free radicals, particularly 
if  ROS are generated in specific cellular compartments 
and organelles[225]. In addition, antioxidants do not in-
hibit the production of  ROS; rather, they scavenge ROS 
after ROS has been generated. Selenium supplementa-
tion has been shown to reduce total and prostate cancer 
incidence but was not significantly associated with lung 
and colorectal cancer incidence[226]. In addition, selenium 
shows the most prominent protective effect on former 
male smokers[226]. However, the benefits of  selenium were 
only observed in those patients with the lowest baseline 
blood selenium levels[226]. A phase Ⅱ clinical trial about 
the effect of  pomegranate for men reveals that prostate-
specific antigen (PSA) doubling time is significantly ex-
tended after treatment with pomegranate juice in patients 
received surgery or radiotherapy. Further, a decrease in 
cell proliferation and an increase in apoptosis is observed 
in patients who consumed pomegranate[227]. Green tea 
is popular because it contains epigallocatechin gallate, a 
polyphenolic compound that provides potential benefits 
for prostate cancer control[228,229]. 

Lycopene in tomato decreases serum prostate-specific 
antigen levels and oxidative DNA damage and increases 
apoptotic cells in carcinomas[230]. In another study, to-
mato sauce consumption suppresses the progression of  
prostate carcinoma[231]. Curcumin is also demonstrated 

the inhibitory effects in colon carcinogenesis[232].

CONClUSION
Daily fruits and vegetables intake has been inversely cor-
related to the risk of  the development of  chronic dis-
eases, including cancer. Cancer is caused by both internal 
factors and environmental factors[233]. The link between 
diet and cancer indicates that cancer is a disease which 
can be prevented largely by lifestyle changes. In addition, 
ROS have plenty roles in carcinogenesis or anti-tumor 
effects though numerous pathways (Figure 1). Since ROS 
are involved in the transformation of  nonmalignant cells 
to malignant cells, regulation of  ROS can be a critical 
approach to prevent cancer development. ROS act as 
the second messenger for generating further intracellular 
events. ROS play a crucial role in tumorigenesis and can-
cer cell survival as well as apoptotic signaling in cancer 
cells. In biological systems, enzymatic and nonenzymatic 
systems have evolved to protect against oxidative damage. 
The potential of  pro-oxidants or antioxidants in treating 
cancer associated with oxidative stress is reinforced by 
experimental researches, several clinical studies, and epi-
demiological data. Therefore, future studies should con-
tinue to clarify the different roles of  ROS in cancer cells. 
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Abstract 
Cluster of differentiation 74 (CD74) performs multiple 
roles in B cells, T cells, and antigen-presenting cells 
within the immune system; it also participates in ma-
jor histocompatibility complex class Ⅱ-restricted an-
tigen presentation and inflammation. Recently, a role 
for CD74 in carcinogenesis has been described. CD74 
promotes cell proliferation and motility and prevents 
cell death in a macrophage migration inhibitory factor-
dependent manner. Its roles as an accessory signal 
receptor on the cell surface and the ability to interact 
with other signaling molecules make CD74 an attrac-
tive therapeutic target for the treatment of cancer. 
This review focuses on the original role of CD74 in the 
immune system and its emerging tumor-related func-
tions. First, the structure of CD74 will be summarized. 
Second, the current understandings about the expres-
sion, cellular localization, molecular mechanisms and 
signaling pathways of CD74 in immunity and cancer 

will be reviewed. Third, the examples that suggest 
CD74 is a promising molecular therapeutic target are 
reviewed and discussed. Although the safety and ef-
ficacy of CD74-targeted strategies are under develop-
ment, deeply understanding of the regulation of CD74 
will hold promise for the use of CD74 as a therapeutic 
target and may develop the CD74-targeted therapeutic 
agents such as neutralized antibody and compounds. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cluster of differentiation 74; Invariant 
chain; Immune; Inflammation; Tumorigenesis; Cancer 
metastasis

Core tip: There are several structural and functional 
variants of cluster of differentiation 74 (CD74), each 
with their own expression pattern. Although this di-
versity may be required for normal homeostasis, it can 
lead to aberrant proliferation when dysregulated. This 
review focuses on the primary role of CD74 in the im-
mune system and how the activity of this evolutionarily 
conserved molecule is subverted during tumorigenesis. 
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STRUCTURE AND GENOMIC 
ORGANIZATION OF CLUSTER OF 
DIFFERENTIATION 74 AND ASSOCIATED 
VARIANTS
The cluster of  differentiation 74 (CD74) gene, which is 
located on chromosome 5q32, encodes the type Ⅱ inte-
gral membrane glycoprotein CD74; there are four major 
isoforms of  this protein in humans[1]. This evolutionarily 
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conserved molecule is the membrane form of  the ma-
jor histocompatibility complex class Ⅱ (MHC class Ⅱ) 
invariant chain (Ii) because none of  the original isolates 
harbored polymorphisms[2]. The most common isoform 
of  CD74 is the p33 isoform (with a molecular weight 
of  33 kDa), which has a 29-residue N-terminal intracel-
lular region, a 26-residue hydrophobic transmembrane 
region, and a 160-residue C-terminal extracellular region 
containing two N-linked glycosylation sites[3,4]. The p35 
isoform is also produced because of  differential initiation 
of  translation[5], whereas p41 and p43 isoforms arise be-
cause of  alternative splicing of  the exon 6b transcription 
products that encode a thyroglobulin type Ⅰ cathepsin-
binding domain[6-8]. Both the p33 and p35 isoforms 
regulate MHC class II antigen presentation through rapid 
internalization from the cell surface to endosomes (half-
life under 10 min) when MHC class Ⅱ-CD74 complexes 
are formed. However, approximately 2%-5% of  these 
cell surface isoforms are not found in MHC class Ⅱ 
complexes. Although the role(s) for the membrane-local-
ized CD74 on some parenchymal epithelial cells remain 
largely unclear, the finding that it is involved in prolifera-
tive responses associated with intramembrane proteolysis 
(RIP)-processed led researchers to investigate its role in 
cancer[9]. Domains, motifs, and active residues as well as 
the corresponding functions within the intracellular[10-13], 

transmembrane[14], and extracellular region[7,9,15-21] of  
CD74 have been identified. Figure 1 illustrates the CD74 
variants and their corresponding protein structures.

THE PHYSIOLOGICAL ROLE OF CD74 IN 
THE IMMUNE SYSTEM
CD74 has several functions related to MHC class Ⅱ- 
restricted antigen presentation, including the prevention 
of  MHC class Ⅱ to bind non-processed peptide and 
self-antigen[22]. CD74 was originally reported to be a mo-
lecular chaperone for regulating MHC class Ⅱ folding 
in the rough endoplasmic reticulum (ER), where it was 
thought to play a major role in processing and transport-
ing of  MHC class Ⅱ molecules in the immune system, 
and in particular in antigen-presenting cells. Once syn-
thesized, CD74 self-assembles into a trimer and serves as 
a scaffold onto which nascent MHC class Ⅱ molecules 
assemble. After trafficking to the late endosome, CD74 
is cleaved by cathepsin S (cathepsin L in thymic epithelial 
cells), leaving a small peptide, CLIP, to block the peptide 
binding cleft of  MHC class Ⅱ and in turn to prevent 
premature binding of  antigenic peptides to MHC class 
Ⅱ. The CLIP-MHC class Ⅱ complex will then transport 
through the endosomal pathway[5]. Upon binding of  
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Figure 1  The variants and the corresponding protein structures of cluster of differentiation 74. The upper panel illustrates the corresponding position among 
genomic region, NCBI reference sequence number and reference protein accession, exon (green box) and intron (green line) localization of DNA, transcripts (light 
blue box), and protein (pink box) of the three cluster of differentiation 74 (CD74) variants. The lower panel, CD74 variants contains three regions including intracellular, 
transmembrane and extracellular regions with the indicated functional domains and identified residues for post-translational modification. Variant 2 transcripts two 
isoforms, p33 and p35 caused by the alternative start site. Variant 1 transcripts two isoforms, p41 and p43, with an exon 6b-encoded thyroglobulin type I domain to 
interact with cathepsin. Variant 3 lacks exon 5, 6, and 6b, which translates truncated trimerization domain and truncated macrophage migration inhibitory factor (MIF)-
binding domain and remains only the CLIP region to function as major histocompatibility complex class II mask. The amino acid residues refer to human variant 2 (p35). 



HLA-DM to MHC class Ⅱ, CLIP is released, which al-
lows the peptide-binding cleft of  MHC class Ⅱ to open 
and bind further antigenic peptides. The MHC class Ⅱ 
molecules with bound antigenic peptides are then ex-
ported to the surface of  the antigen-presenting cell for 
presentation of  foreign peptides to CD4+ T cells[23,24]. 
Meanwhile, CLIP peptide is degraded by proteasomes, 
and newly synthesized CD74 is then generated. 

Absence of  CD74 results aberrant MHC class Ⅱ-de-
pendent antigen processing and perturbs host defenses. 
Deficiency of  CD74 in mice is associated with aberrant 
MHC class Ⅱ synthesis[25], delayed MHC class Ⅱ presen-
tation by antigen-presenting cells[26], and impaired matu-
ration of  CD4+ T cells[27]. However, knockout of  CD74 
in mice was able to mount an efficient response against 
viral infection[28]. Although how this efficient response 
for viral infection could work required further elucidated, 
an event that the function of  CD4+ TH2 cells in CD74-
null mice is compromised by CD4+ TH1 cells could in 
part explain the current observation[29]. In addition, this 
compromise emphasizes the crucial role of  CD74 in 
immune regulation. An alternative strategy would be to 
specifically inhibit the antigen presentation mechanism 

and allow the pathogen to co-exist with the host during 
the initial phase of  pathogen entry without promoting 
an immune reaction. This approach would be based on 
the observation that blockade of  CD74 reduces migra-
tion inhibitory factor (MIF)-dependent monocyte arrest, 
chemokine expression, and neutrophil recruitment[30]. In 
other words, although initial inflammatory mediators are 
required for recruitment of  neutrophils and to resolve in-
fection-induced innate immunity, an over-robust response 
would generate excessive inflammatory mediators and 
trigger a hypersensitivity response, which could ultimately 
cause tissue damage and pathology. As further support 
of  the hypothesis that attenuating CD74 function may be 
of  benefit in some cases, mice that lack CD74 are known 
to be protected against bacterial infection[31]. However, a 
fine balance must be struck between modulating the host 
immune response and preventing the deleterious effects 
of  pathogen exposure. All of  these observations have 
generated considerable interest in CD74, as they suggest 
that the protein-binding ability of  MHC class Ⅱ mol-
ecules could be enhanced by modifying the expression 
and function of  endoplasmic reticulum CD74. Figure 2 
illustrates the canonical antigen presentation function of  
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Figure 2  The canonical function of cluster of differentiation 74 in the immune system. Cluster of differentiation 74 (CD74) is present on endoplasmic reticulum 
(ER) where it can interact with major histocompatibility complex class Ⅱ (MHC class Ⅱ) and contribute to antigen presentation. Once synthesized, CD74 self-assem-
bles as a trimer and serves as a scaffold onto which nascent MHC class Ⅱ assemble. After trafficking to the late endosome, CD74 is cleaved into a small peptide, 
CLIP, to block the peptide binding cleft of MHC class Ⅱ, prevent premature binding of antigenic peptides, and direct the MHC class Ⅱ complex to the endosomal 
pathway. The MHC class Ⅱ molecules with bound antigenic peptides are then exported to the surface of the antigen presenting cell for presentation of foreign pep-
tides to CD4+ T cells.
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cascades trigger cell proliferation and migration, and pre-
vent apoptosis[14,49]. Overexpression of  CD74 in HEK293 
cells initials MIF-dependent MEK/ERK and PI3K/AKT 
activation. This is followed by NF-κB activation, which 
in turn triggers VEGF-D upregulation and VEGF-D-
dependent cell proliferation and motility. The ultimate 
consequence is an increase in tumor mass, tumor-induced 
angiogenesis, and metastasis in xenograft-bearing mice[49].

However, unlike other ligand-receptor axes, such as 
EGF/EGFR[52] and VEGF-A/VEGFR2[53], CD74 lacks 
intracellular signaling motifs for transducing downstream 
signals. Therefore, it must recruit other molecules in or-
der to transduce signals in response to MIF stimulation. 
Indeed, the intracytoplasmic signaling domain of  CD44, 
a transmembrane protein with kinase-activating proper-
ties, can relay signaling downstream of  the MIF-CD74 
interaction[32]. CD74 forms a complex with CD44, which 
leads to PKA-dependent serine phosphorylation and Src 
activation; this eventually leads to p53 dephosphoryla-
tion, thereby stimulating cell proliferation and preventing 
apoptosis[32]. Another transduction mechanism involves 
the functional interaction between CD74 and CXCR 
chemokine receptors during CD74-dependent cancer cell 
proliferation and invasion[30,49,54]. There are also reports 
of  fusions between CD74 and the oncogenic receptor 
tyrosine kinase, ROS1; the resultant fusion protein ac-
tivates a novel invasiveness pathway through the phos-
phorylation of  the extended synaptotagmin-like protein, 
E-Syt1, in non-small cell lung cancer[55-61]. Oncogenic 
CD74-ROS1 represents a tumor-specific target for drug 
therapy, against which next-generation kinase inhibitors 
can be developed. Whether CD74-ROS1 (or indeed, as 
yet unidentified CD74 fusion proteins) has additional 
substrates, and whether other coreceptors participate in 
CD74-dependent transformation, are important unre-
solved questions.

RIP-processed transcription factors
Most of  the RIP-processed transcription factors are syn-
thesized and maintained as inactive membrane-associated 
precursors that are activated after internal or environmen-
tal cues. Such stimuli include protease cleavage, which 
leads to release of  intracellular fragments that translocate 
into the nucleus and drive transcription. This is exempli-
fied by the functional interaction of  CD74 with epithelial 
growth factor receptor (EGFR)[62]. The Leu-Leu-Leu in-
tramembrane proteases (I-CLIPs) cleavage site within the 
transmembrane domain is essential for the cleavage of  
CD74, as mutation of  these residues abolishes the release 
of  intracellular domain (ICD) of  CD74[14]. This cleav-
age occurs upon treatment with an activating anti-CD74 
antibody, thereby liberating the CD74-ICD from the cell 
membrane into the cytoplasm. Following nuclear translo-
cation, the CD74-ICD leads to the activation of  the NF-
κB p65/RelA homodimer and its coactivator, TAFII105, 
in CD74-overexpressed HEK293 cells and in mouse B 
lymphocytes[14,39,63-67]. Subsequently, the signaling cascade 
is attenuated by ubiquitin-dependent proteasomal degra-

CD74 in the immune system.

ASSOCIATION OF CD74 WITH CANCER
New functions and novel interactions associated with the 
evolutionarily conserved CD74 protein are continually 
being revealed. Rare single-nucleotide polymorphisms 
(SNPs) in the CD74 gene have been reported, but SNPs 
in molecules that interact with CD74, such as MIF[9], 
CD44[32] and MHC class Ⅱ[15] are more frequent and are 
associated with the development of  cancer[33-37]. The im-
balance in the regulation of  inflammation that occurs in 
many cancers can induce cellular damage. This stimulates 
interaction between immune cells and the damaged cells, 
which then proliferate, invade, and subsequently develop 
into tumors[38]. Together with its role in several immuno-
logical processes, these findings indicate that CD74 is a 
potential therapeutic target. 

CD74 as a cell surface receptor
A decade ago, CD74 was reported as an accessory signal-
ing molecule in cancers because of  its localization on the 
plasma membrane in certain cell types, and its role as a 
surface-binding receptor for MIF, a pro-inflammatory 
cytokine[9]. Indeed, it is now generally accepted that the 
oncogenic role of  CD74 is MIF-dependent. In B cells, 
MIF induces NF-κB activation, cell proliferation, and 
survival[39]. MIF also induces upregulation of  anti-apop-
totic proteins Bcl-2 and Bcl-XL

[14]. These findings suggest 
that CD74 stimulation initiates a pro-survival signal. Ge-
nomic and immunohistochemical studies have revealed 
upregulation of  CD74 in various cancers, suggesting that 
it may have some relationship with tumorigenesis. Table 1 
summarizes the current information regarding expression 
and clinical significance of  CD74 in human cancers. One 
interpretation of  these observations is that persistent 
overexpression of  CD74 in the intracellular space and 
on the cell surface could impair MHC class Ⅱ antigen 
presentation by tumor cells, thereby contributing to im-
mune escape and facilitating tumor metastasis[40]. The un-
derlying reasons for CD74 overexpression in cancer have 
remained largely unclear. However, the CD74 locus is a 
common insertion site for viruses in murine B lympho-
mas[1]; by inference, similar virus-mediated upregulation 
may occur in human tumors.

Oncogenic signaling through cell surface CD74
MIF is a multifunctional cytokine that is produced by sev-
eral cell types, including epithelial cells and cells that par-
ticipate in the innate and adaptive immune responses[41-43]. 
CD74 is a receptor for extracellular MIF that is expressed 
in human B cells[14], gastric epithelial cells[44] and type Ⅱ 
alveolar epithelial cells[45]. Following MIF binding, CD74 
is rapidly internalized, leading to downstream signaling 
cascades that trigger NF-κB activation[39], prostaglandin 
E2 production[9,46], TAp63 upregulation[47], and secretion 
of  survival factors such as IL-8[48] and VEGF-D[49] via 
phosphorylation of  ERK[9,50] and AKT[51]. The signaling 
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Table 1  Expression levels and clinical significance of cluster of differentiation 74 in human cancers

Cancer type Event Method Ref

Renal cell cancer CD74 was detected in 53 of 60 (88.3%) renal cell cancer tissues IHC [90, 91]
CD74 is a useful diagnostic marker for distinguishing clear cell RCC from chromophobe and 
oncocytoma RCC

IHC [92]

CD74 was upregulated in 34 of 40 (85.0%) of clear cell RCC tissues compared with the corresponding 
normal kidney tissues, and the expression level was positively correlated with VEGF-D (Pearson’s 
correlation, r = 0.65, P < 0.001)

Quantitative 
real-time RT-
PCR, IHC

[49]

Malignant fibrous 
histiocytoma
Thymic epithelial 
neoplasm

Differential expression of CD74 was found in atypical malignant fibrous histiocytoma (90% positive) 
and fibroxanthoma (10% positive), suggesting that CD74 may be a marker of tumor progression

IHC [93]

CD74 was detected in 88% (15/17) of thymic carcinomas, 70% (14/20) of invasive thymomas, but only 
33% (9/27) of benign thymomas (9/27), suggesting that CD74 is a useful marker for the classification of 
thymic epithelial neoplasms

IHC [94]

Colorectal cancer A linear increase of CD74 expression was found in the progression from low- to high-grade invasive 
cancer tissues

IHC [95]

High levels of CD74 were detected in 23 of 156 (15.0%) curatively resected colorectal cancer tissues IHC [96]
CD74 was increased in dysplastic epithelial cells in 47 of 55 (85%) human colorectal adenomas, with 
CD74 and MIF protein levels together predicting increasing dysplasia in individual adenomas (P = 0.003)

IHC [97]

Gastric cancer CD74 was detected in 48 of 126 (38.1%) gastric cancer tissues, and the expression was negatively 
correlated with the depth of invasion and HLA-DR expression. The patients with detectable CD74 show 
poor surgical outcomes (P < 0.05)
CD74 was detected in 39 of 58 (67.2%) gastric carcinoma tissues, showing significant correlation with 
the differentiation of gastric carcinoma (P < 0.05)

IHC
IHC

[98]
[99]

Breast cancer The expression of CD74 was significantly more abundant in invasive or metastatic tumors than in 
ductal carcinoma in situ (P = 0.02 and P = 0.05, respectively)

SAGE [100]

CD74 was detected in 468 of 580 (80.7%) breast cancer tissues, and was related to lymph node 
metastasis and triple-negative breast cancer (P = 0.01 and 0.001). In addition, CD74 expression had a 
linear correlation with lymph node metastasis and triple-negative breast cancer (P = 0.02 and 0.001)

IHC [101]

Stat1 and CD74 overexpression is co-dependent and linked to increased invasion and lymph node 
metastasis in triple-negative breast cancer

LC-MS/MS, 
IHC

[102]

CD74 expression was increased in high-grade, invasive urothelial carcinoma of the bladder [103]
Multiple myeloma CD74 was detected in 19 of 22 (86.4%) multiple myeloma tissues IHC [69]
Pancreatic cancer CD74 was identified as an overexpressed gene when compared with two SAGE libraries (6 pancreatic 

cancers vs 11 non-neoplastic tissues), and the expression of CD74 was detected in 15 of 18 (83%) 
pancreatic ductal adenocarcinoma tissues

SAGE, IHC [104]

CD74 was expressed in 52 of 67 (77.6%) pancreatic cancer tissues that was correlated with high 
perineural invasion (P < 0.008)

IHC [105]

Moreover, 47 of 68 (69.1%) and 21 of 68 (30.9%) pancreas tissues from patients receiving curative 
extended resection showed lower (< 70%) and higher (≥ 70%) CD74 expression, respectively. Patients 
with higher CD74 expression in pancreatic cancer tissues showed a higher rate of lymphatic permeation 
(P = 0.04), perineural invasion (P = 0.01), poor prognosis (P = 0.006), and poor survival (P = 0.003) 
compared with those with lower expression

IHC [106]

Fourteen of 46 (30.4%) and 32 of 46 (69.6%) pancreatic ductal adenocarcinoma tissues showed lower (< 25%) 
and higher (≥ 25%) CD74 expression, respectively. Patients with higher CD74 expression in pancreatic 
cancer tissues showed a higher rate of perineural invasion (P = 0.007) and poor 3- and 5-yr cumulative 
survival rates (41% and 62% vs 0% and 9%, P = 0.000) compared with those with lower expression

IHC [107]

Cervical squamous cell 
carcinoma

CD74 expression was significantly higher in CIN than in the normal samples and higher in SCC than in 
CIN

IHC [108]

Urothelial carcinoma of 
the bladder

CD74 was detected in 192 of 342 (56.1%) urothelial carcinoma of the bladder tissues, which is associated 
with older age at diagnosis (≥ 68 yr, P = 0.048), high World Health Organization grade (P = 0.019), 
advanced stages (P = 0.001), non-papillary growth pattern (P = 0.040), the absence of tumor-infiltrating 
inflammatory cells (P < 0.001), and the presence of tumor-associated inflammatory cells (P = 0.017). 
However, CD74 expression was not related to recurrence-free and overall survivals in primary and 
subgroup analyses

IHC [103]

Non-small cell lung cancer A case report found a mutation in CD74-ROS1 that is associated with acquired resistance to crizotinib. FISH, RT-PCR [109]
CD74 was detected in 57 of 70 (81.4%) non-small cell lung cancer tissues IHC [110]
CD74-ROS1 fusion transcript was detected in 5 of 1073 (0.5%) non-small cell lung cancer tissues RT-PCR [61]
CD74-ROS1 fusion transcript was detected in 4 of 556 (0.7%) non–small cell lung cancer tissues IHC [111]
CD74-ROS1 fusion transcript was detected in 1 of 114 (0.9%) non–small cell lung cancer tissues RT-PCR [56]
CD74-ROS1 fusion transcript was detected in 2 of 208 (1.0%) never-smokers with lung adenocarcinoma tissues RT-PCR [112]
CD74-ROS1 fusion transcript was detected in 2 of 447 (4.5%) never-smokers with lung adenocarcinoma tissues Transcriptome 

sequencing
[113]

Two CD74 polymorphisms, rs2748249 and rs1560661, are associated with hematologic toxicity in 
patients with non–small cell lung cancer after platinum-based chemotherapy

BeadChip [114]

CD74: Cluster of differentiation 74; MIF: Migration inhibitory factor; RCC: Renal cell cancer; IHC: Immunohistochemistry; RT-PCR: Reverse-transcription 
polymerase chain reaction; SAGE: Serial analysis of gene expression; LC-MS/MS: Liquid chromatography–mass spectrometry/ mass spectrometry; FISH: 
Fluorescence in situ hybridization.
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dation of  CD74-ICD[67]. Figure 3 illustrates the function 
of  CD74 in cancer development.

CD74-TARGETED CANCER THERAPY
The high expression of  CD74 in cancer cells in compari-
son with their normal counterparts provides a potential 
cancer-selective antitumor strategy. As mentioned above, 
oncogenic CD74-ROS1 represents a potential tumor-
specific target against which next-generation kinase 
inhibitors might be developed. However, whether ad-
ditional substrates co-exist with CD74-ROS1 or other 
unidentified CD74 fusion proteins, and whether other 
coreceptors participate in CD74-dependent transforma-
tion remains to be determined.

A monoclonal antibody, LL1, which binds to and 
rapidly internalizes cell surface CD74 into lysosomes[68], 
increases the survival of  mice bearing xenografts[69]. 
Recent studies have also highlighted the efficacy of  a hu-
manized anti-CD74 monoclonal antibody derived from 
LL1, named milatuzumab, in the treatment of  lymphoid 

malignancies[70,71], non-Hodgkin lymphoma[72], chronic 
lymphocytic leukemia[73], and mantle cell lymphoma[74]. 
A phase Ⅰ multicenter, dose-escalation trial of  mono-
therapy with milatuzumab in advanced multiple myeloma 
has been evaluated[75]. In addition, because the CD74 
antibody enters lysosomes rapidly and at high concentra-
tion, it could be conjugated to a drug, and then used to 
target tumors expressing cell surface CD74. Successful 
preclinical examples include antibodies conjugated with 
radioisotopes[76,77] and doxorubicin[78,79], as well as com-
bined therapy using milatuzumab and FTY720, a CD74 
stimulator[80]. However, further selectivity must be devel-
oped, since such antibodies could potentially bind to all 
antigen-presenting cells. 

Targeted therapy using small molecules is another 
developing field. Some small molecules have demon-
strated activity against other proteins that associate 
with CD74, and can thus indirectly block CD74 func-
tion[30,81]. Examples are MIF activity modifiers, which 
prevent MIF binding to CD74. For instance, Ibudilast, 
a phosphodiesterase inhibitor, blocks MIF activity fol-
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Figure 3  The function of cluster of differentiation 74 in the cancer development. (Ⅰ) Membrane associated-CD74 is involved in modulating the expression of a 
variety of genes which involved cell proliferation, invasion and survival through interacting with CD44, CXCR1, CXCR2 or CXCR4 followed by activation of the signal-
ing cascades in a MIF-dependent manner. (Ⅱ) After MIF stimulation, CD74 releases its intracellular domain, CD74-ICD. The CD74-ICD translocates from cytoplasm 
into nucleus and functions as a transcription modulator. (Ⅲ) The CD74-ROS1 fusion protein with one (minor form) or two (major form) transmembrane regions and 
one kinase domain, promotes novel invasiveness pathway through the phosphorylation of the extended synaptotagmin-like protein, E-Syt1. MIF: Macrophage migra-
tion inhibitory factor; CXCR: Chemokine (C-X-C motif) receptor; PKA: Protein kinase A; PKC: Protein kinase C; GEF: Guanine nucleotide exchange factor; Ras: Ras 
oncogene; Rho: Ras homolog family member; MLCK: Myosin light chain kinase; FAK: Focal adhesion kinase; Raf-1: RAF proto-oncogene serine/threonine-protein 
kinase; MEK: Mitogen-activated protein kinase kinase; ERK: Extracellular signal-regulated kinase; PI3K: Phosphoinositide 3-kinase; NF-κB: Nuclear factor-kappaB; 
TAF(II)105: Transcription initiation factor TFIID 105 kDa subunit; ROS-1: C-ros oncogene 1; E-Syt1: Extended synaptotagmin-like protein 1; Bcl-2: B-cell lymphoma 
2; Bcl-XL: B-cell lymphoma-extra large; cPLA2: Cytosolic phospholipase A2; ELK1: Member of ETS oncogene family; Ets: V-ets erythroblastosis virus E26 oncogene; 
PGE2: Prostaglandin E2; Tap63: Tumor protein p63; IL-8: Interleukin 8; VEGF-D: Vascular endothelial growth factor D.
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lowed by inhibited chemotactic activity of  peripheral 
blood mononuclear cells[82]. (S, R)-3(4-hydroxyphenyl)-4, 
5-dihydro-5-isoxazole acetic acid methyl ester (ISO-1) 
and 4-iodo-6-phenylpyrimidine (4-IPP) function as tau-
tomerase inhibitors that also abolish MIF activity[83]. Eb-
selen disrupts the formation of  MIF trimmers, thereby 
inactivating the complex[84]. A second set of  examples is 
the cathepsin S inhibitors that prevent antigen presenta-
tion and disease progression through inhibiting CD74 
degradation. The accumulated CD74 binds to MHC class 
Ⅱ molecules within endocytic compartments, which are 
targets for treatment of  autoimmune diseases using mol-
ecules such as Clik60[85], LHVS[86], and SB-331750[87], and 
RWJ-445380. Finally, there are CD74 expression modi-
fiers such as Auraptene that suppresses CD74 expres-
sion and thus blocks Helicobacter pylori adhesion and pro-
inflammatory mediator production in C57BL/6 mice[88,89]. 
However, whether these small molecules will have anti-
cancer activity remains to be determined. More specific 
targeted approaches will emerge from the ongoing 
screening efforts to find compounds that directly target 
CD74. Combined with an effective method to deliver the 
targeting agents efficiently to the tumor, this would be a 
critical breakthrough for the field.

CONCLUSION 
Recent advances in our knowledge of  CD74 functions 
have emerged through discovery of  its natural ligand, ad-
ditional interacting proteins, and elucidation of  molecular 
mechanisms associated with CD74 signaling in immunity 
and cancer. Normal expression in antigen-presenting cells 
maintain proper MHC class Ⅱ-restricted antigen presen-
tation and an appropriate immune regulation. However, 
aberrant expression of  CD74 in cells leads to an unbal-
anced immune system, and possibly also oncogenesis, in 
a MIF-dependent manner. Despite the natural protec-
tive actions of  CD74 in the immune system, functional 
studies from several CD74-focused experimental models 
show that CD74 inhibition will also likely halt cancer pro-
gression and improve patient prognosis. There are ongo-
ing clinical studies into the role of  CD74 in diverse dis-
eases, including various types of  cancer. Further research 
into CD74 and its effect on cellular processes, including 
the complex interactions between CD74 and its binding 
partners, will undoubtedly translate into clinical benefit 
for patients.
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Abstract
Monocytes are effector immune cells but a precise anal-
ysis of their role in immune response has been preclud-
ed by their heterogeneity. Indeed, human monocytes 
are composed of at least three different subsets with 
different phenotypic characteristics and functional prop-
erties, the so-called classical, intermediate and non-
classical monocytes. A review of the literature shows 
that these monocyte subsets are differently affected 
during viral, bacterial, parasitic and fungal infections. 
The expansion of the CD16+ compartment (intermedi-
ate and non-classical monocytes) is typically observed 
in the majority of infectious diseases and the increased 
proportion of CD16+ monocytes is likely related to 
their activation through their direct interaction with the 
pathogen or the inflammatory context. In contrast, the 
number of non-classical and intermediate monocytes 
is decreased in Q fever endocarditis, suggesting that 
complex mechanisms govern the equilibrium among 
monocyte subsets. The measurement of monocyte sub-
sets would be useful in better understanding of the role 
of monocyte activation in the pathophysiology of infec-
tious diseases.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: In this review of the literature we show that 
monocyte subsets are differently affected during viral, 
bacterial, parasitic and fungal infections. We observe 
that the CD16+ compartment (intermediate and non-
classical monocytes) is typically increased in the major-
ity of infectious diseases. The measurement of mono-
cyte subsets would be useful in better understanding of 
the role of monocyte activation in the pathophysiology 
of infectious diseases.
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INTRODUCTION
Human monocytes arise from bone marrow progenitors 
with myeloid-restricted differentiation potential and then 
circulate in the blood for a few days before migrating into 
tissues[1]. Monocytes differentiate into macrophages and 
dendritic cells (DCs) during inflammation and less effi-
ciently in the steady state[2]. 

Monocytes play a pivotal role in the immune response 
as effector cells. These cells are equipped with pattern 
recognition receptors (PRRs) and phagocytic receptors 
necessary for the ingestion and elimination of  microbes 
and damaged cells[3,4]. They express adhesion molecules 
and chemokine receptors, which are required to migrate 
toward inflamed or infected tissues[5]. Monocytes also ini-
tiate the adaptive immune response through their ability 
to produce cytokines and to differentiate into DCs, the 
major antigen-presenting cells (APCs)[6]. Finally, mono-
cytes play critical roles in homeostasis and tissue repair[7]. 
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A fundamental property of  monocytes consists of  their 
high plasticity[8]. They may adopt a biphasic response to a 
unique signal, first releasing inflammatory cytokines such 
as interleukin (IL)-6 and IL-1β[9] and then releasing im-
munoregulatory cytokines such as IL-10 and transform-
ing growth factor (TGF)-β, thus an avoiding excessive 
inflammatory response[10]. We recently demonstrated that 
the gene expression program of  human monocytes is 
determined by the time scale of  the stimulation: although 
macrophage polarization genes are expressed in early 
stimulated monocytes, this expression is lost when the 
stimulation is sustained[11].

Another difficulty in analyzing the precise role of  
monocytes in the immune response is related to their 
heterogeneity, as they are composed of  at least three dif-
ferent subsets with different phenotypic characteristics 
and functional properties. The aim of  this review is to 
summarize what is known regarding the functions of  
monocyte subsets and to describe the evolution of  these 
monocyte subsets during infectious diseases. 

DEFINITION OF MONOCYTE SUBSETS
Human monocytes were initially defined as an homoge-
neous population on the basis of  morphology, cytochem-
istry (monocyte-specific esterase) and flow cytometry 
measurements, such as light scattering and the expression 
of  CD14, the receptor of  bacterial lipopolysaccharides 
(LPS)[12]. Multi-color flow cytometry using antibodies 
against CD14 and CD16, the low affinity receptor for 
IgG, has revealed their heterogeneity, consisting of  three 
subsets[12,13]. The “classical monocytes” that represent 
approximately 90% of  circulating monocytes highly ex-
press CD14 but not CD16 (CD14++CD16- cells). Other 
circulating monocytes express CD16: “non-classical 

monocytes” representing approximately 5% of  circulat-
ing monocytes, express low levels of  CD14 but highly 
express CD16 (CD14+CD16+cells) and “intermediate 
monocytes”, which highly express CD14 with the con-
comitant expression of  CD16 (CD14++CD16+ cells)[14] 
(Figure 1). However, the notion of  intermediate mono-
cytes is still debated. For Ziegler-Heitbrock and Hofer, 
they are only a transition from[14], conversely, for Hijdra 
et al[15], they consist of  a true population of  monocytes, 
as revealed by the expression of  chemokine and Tumor 
Necrosis Factor (TNF) receptors. Because only the level 
of  CD14 expression allows the distinction between non-
classical monocytes and intermediate monocytes and 
many papers do not explicitly make this distinction, we 
propose referring to them collectively as CD16+ mono-
cytes[1] and precisely defining the type of  monocyte sub-
set when it is documented. 

PHENOTYPIC AND FUNCTIONAL 
CHARACTERISTICS OF MONOCYTE 
SUBSETS 
The phenotypic properties of  CD16- (classical) and 
CD16+ (intermediate and non-classical) human mono-
cytes are summarized in Table 1. CD16+ monocytes ex-
press lower levels of  CD64 than CD16- monocytes but 
highly express HLA-DR, CD86, and CD49d compared 
with CD16- monocytes[16,17], demonstrating an activated 
phenotype. The expression of  PRRs and chemokine 
receptors varies according to the monocyte subset. The 
intermediate monocytes express higher levels of  Toll-
like receptor (TLR)-2 and TLR4 than classical and non-
classical monocytes[17,18]. The non-classical monocytes 
do not express CCR2, the membrane receptor of  the 
chemokine CCL2, making them likely unable to migrate 
in response to CCL2. In contrast, classical and intermedi-
ate monocytes express CCR2 and migrate in response 
to CCL2[19,20]. Intermediate monocytes, but not classical 
and non-classical monocytes, express CCR5[19-21]. The re-
sponses to classical agonists of  monocytes vary according 
to the monocyte subset. For instance Lipopolysaccharide 
(LPS) stimulation of  classical monocytes, but not inter-
mediate monocytes, decreases the membrane expression 
of  CD163; hence, the majority of  soluble CD163 found 
in plasma originates from classical monocytes[22,23].

The functional properties of  monocyte subsets are 
also different (Table 2). The phagocytosis of  Staphylo-
coccus aureus and Escherichia coli is lower in non-classical 
monocytes than in intermediate monocytes and classical 
monocytes, a property likely related to the expression 
of  CD14[18]. The non-classical monocytes produce less 
reactive oxygen species (ROS) in response to ligands of  
TLR4, TLR7 or TLR8 than the classical monocytes[24,25]. 
In addition non-classical and intermediate monocytes 
produce lower levels of  cytokines, including granulocyte 
colony-stimulating factor, IL-6, IL-10 and CCL2 in re-
sponse to LPS stimulation than classical monocytes[20]. 
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The monocyte subsets likely play different roles as APCs. 
CD16+ monocytes express higher levels of  HLA-DR 
than classical monocytes[12,26], suggesting that they are 
potent APCs. It has been shown that CD16+ monocytes 
are more efficient in presenting tetanus toxoid to CD4+ 
T cells than classical monocytes[27]. Taken together, these 
results suggest that CD16+ monocytes are activated un-
der homeostatic conditions but they are less responsive 
to monocyte stimuli than CD16- monocytes.

Interestingly, monocytes are known to act as precur-
sors of  macrophages or DCs. It has been shown that the 
ability of  monocyte subsets to differentiate into DCs is 
different according the monocyte subset. Indeed, non-
classical monocytes are more prone to becominge DCs 
with a higher capacity to induce T cell proliferation and 
IL-4 production by CD4+ T cells[28]. In addition, the 
functional properties of  monocyte-derived macrophages 
are dependent on the type of  monocyte subset. It has 
been recently shown that the macrophages derived from 
CD16+ monocytes are more phagocytic than those de-
rived from classical monocytes; they also exhibit a spe-
cific gene expression program[29].  

The investigation of  monocyte functions has ben-
efited from the use of  mouse models, though it remains 
unclear whether monocyte subsets are similar in humans 
and mice. Murine monocytes can be separated into at 
least two subpopulations, Gr1+ and Gr1- monocytes. 
The major subset of  murine monocytes is composed 
of  “inflammatory” Gr1+ monocytes that produce high 
levels of  TNF, ROS and nitric oxide (NO) but low lev-
els of  IL-10 upon in vivo infection with bacteria such as 
Listeria monocytogenes or parasites such as Toxoplasma 
gondii[30]. Gr1+ monocytes also produce type I interfer-
ons (IFNs) in response to viral ligands[31]. Murine Gr1+ 
monocytes resemble human classical monocytes based 
on surface marker expression, gene expression and a 
reduced ability to produce inflammatory cytokines[32,33]. 
In contrast, the minor subset of  murine monocytes does 
not express Gr1. These Gr1- monocytes patrol the blood 
vasculature, differentiate into macrophages after extrava-

sation into tissues and are likely associated with tissue re-
pair[34,35]. Murine Gr1- monocytes, which resemble human 
CD16+ monocytes, are described as the main producers 
of  inflammatory cytokines such as TNF and IL-1β in re-
sponse to LPS[26]. 

The existence of  different subsets of  monocytes 
likely has pathophysiological consequences. An expansion 
of  the CD16+ monocyte subsets inflammatory diseases 
including hemophagocytic lymphohistiocytosis[36], asth-
ma[37], sarcoidosis[38], peridontitis[39], atopic eczema[40], pan-
creatitis[41] and alveolar proteinosis[42] has been observed. 
Despite immunosuppressive therapy, the CD16+ mono-
cyte compartment is also increased in kidney transplant 
patients, suggesting that this subset may be involved in 
the persistent, allograft-induced inflammatory reaction[43]. 
In patients with colorectal cancer, the percentage of  in-
termediate monocytes is mainly increased at the onset of  
the disease[44], and this subset is also increased in adult 
survivors of  childhood acute lymphoblastic leukemia[13].  

MONOCYTE SUBSETS AND VIRAL 
INFECTIONS 
Human immunodeficiency virus 
Human immunodeficiency virus (HIV) is a lentivirus that 
efficiently infects CD4+ T cells, leading to their apopto-
sis and a decreased number of  circulating CD4+ T cells. 
The antiretroviral therapies to date restore the number 
of  circulating CD4+ T cells but are unable to completely 
eliminate viral infection, as demonstrated by HIV per-
sistence in tissues. Both in vitro and in vivo studies have 
clearly demonstrated that blood monocytes and tissue 
macrophages can be infected by HIV[45,46]. During the 
early phase of  HIV infection, the proportion of  CD16+ 
monocytes is increased[47], and this increase in CD16+ 
monocytes in treatment-naïve HIV-infected patients 
is correlated with high viral loads and low CD4+ cell 
counts[48]. Convergent results have been obtained with the 
infection of  non-human primates by simian immunodefi-
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Table 1  Major marker of monocyte subsets

Markers Classical 
monocytes

Intermediate
monocytes

Nonclassical-
monocytes

Ref.

CD14 ++ ++ + [1]
CD16 - + + [1]
CD86 + ++ ++ [17]
CD64 ++ + + [17]
HLA-AB + ++ + [21]
HLA-DR + ++ + [21,25]
CCR1 ++ + - [21]
CCR2 ++ - - [15,20,21]
CCR5 + ++ - [15,20,21]
CXCR1 ++ - - [21]
CXCR2 ++ - - [15,21]
CX3CR1 ++ + - [15,20]
CD62L ++ - - [20,21]

++: High; +: Median; -: Low.

Table 2  Functional characteristics of monocyte subsets

Functions Classical
monocytes

Intermediate
monocytes

Nonclassical-
monocytes

Ref.

Phagocytosis ++ ++ + [25]
MHC Ⅱ processing + ++ + [25]
Antigen presentation + ++ + [25]
CD4+ T cell 
proliferation

+ ++ + [25]

Transendothelial 
migration

- - ++ [15]

Patrolling endothelium - - ++ [24]
Virus sensing - - ++ [24]
TNF production + - ++ [24]
IL-1β production + ++ ++ [24]
CCL2 production ++ - - [24]
IL-10 production ++ - - [24]

++: High; +: Median; -: Low. IL: Interleukin.
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results suggest that HIV infection leads to the modulation 
of  monocyte subsets.

Dengue virus
Dengue fever, a public health problem in tropical coun-
tries, is due to the dengue virus (DENV), a flavivirus that 
is transmitted to humans via the bite of  an Aedes mos-
quito[59,60]. Monocytes are implicated in protection against 
DENV infection[61,62]. Indeed, monocytes infected in vitro 
with DENV produced IFN-α which is protective against 
viruses[63]. This is confirmed by the increase in DENV 
titers in mice deficient in IFN receptors[64]. Nevertheless, 
the role of  monocytes is likely more complex. Monocytes 
are involved in dengue pathogenesis through virus propa-
gation[65], and DENV-specific antibodies promote the in-
fection of  monocytes and thus increase the viral burden 
of  individual monocytes[66].

It has been demonstrated that the number of  CD16+ 
monocytes is twofold higher in dengue patients than in 
healthy controls[67], but the relative role of  monocyte 
subsets in dengue infection remain unclear. In vitro classi-
cal monocytes and CD16+ monocytes are susceptible to 
DENV and produce molecules associated with dengue 
protection, such as IFN-α, CXCL10 and TNF-related 
apoptosis-inducing ligand (TRAIL), a cytokine known to 
induce cell apoptosis[68]. Taken together, these results sug-
gest that classical monocytes and CD16+ monocytes may 
potentially contribute to anti-dengue responses, however 
only CD16+ monocytes appear to be affected by DENV 
infection in vivo.

Hepatitis C virus
Hepatitis C is due to an RNA virus (HCV) that affects 
160 million individuals worldwide and is responsible for 
chronic hepatitis and hepatocellular carcinoma[69,70]. It 
has been recently demonstrated that HCV infects CD16+ 
monocytes but not classical monocytes in individuals 
infected with HCV. This specific tropism is related to 
the expression of  CD81, the receptor considered to be 
necessary for HCV entry into target cells. Hence, CD81 
is highly expressed on CD16+ monocytes but not on clas-
sical monocytes[71]. These results also suggest that the ex-
pression of  CD81 by monocyte subsets is associated with 
the expression of  CD16. Furthermore, we can suppose 
that the monocyte subsets that express CD16 may serve 
as HCV reservoirs. In hemodialyzed patients with chron-
ic hepatitis, the CD16+ monocyte subset is increased 
threefold compared with healthy donors[72], suggesting 
an impact of  the viral infection on monocyte distribu-
tion. The frequency of  CD16+ monocytes is decreased 
and negatively correlated with viral load in chronic HCV 
infection. Furthermore the expression of  PD-L1 allows 
the discrimination between chronic HCV infection and 
spontaneous HCV resolvers[73]. 

Cytomegalovirus
Cytomegalovirus (CMV) is a herpes virus of  medical im-
portance in immune-compromised individuals. CMV has 

ciency virus (SIV), with SIV infecting both CD4+ T cells 
and monocytes. Following the first description of  CD16+ 
monocytes in cynomolgus monkeys (Macaca fascicularis) 
nearly two decades ago, an increase in CD16+ monocytes 
ten days after SIV infection has been observed. Note that 
increased levels of  CD16+ monocytes have also been re-
ported in rhesus monkeys (Macaca mulatta) with lentiviral 
encephalitis[49]. The treatment of  chronically infected ma-
caques with high doses of  corticosteroids decreased the 
proportion of  CD16+ monocytes (intermediate mono-
cytes), whereas the other subsets of  monocytes were 
found to be unresponsive to corticosteroids[50]. Highly ac-
tive antiretroviral therapy (HAART) rescues the amount 
of  intermediate monocytes[51]. The viral efficiency of  
HAART is also associated with insulin resistance, and it 
has been reported that the abundance of  classical mono-
cytes predicts the risk of  insulin resistance and metabolic 
syndrome during the chronic phase of  HIV infection[51].

HIV infection also affects the phenotype of  monocyte 
subsets. The membrane expression of  CD163, a recep-
tor involved in the resolution of  inflammation and M2 
polarization[52] by classical and intermediate monocytes 
is increased in HIV-1 infection, but HIV-infection does 
not induce the membrane expression of  CD163 in non-
classical monocytes[53]. Note that plasma CD163 is not 
significantly altered by HIV-1 infection, demonstrating 
that CD163 shedding is not associated with the alteration 
of  the membrane expression of  CD163[53]. The exposure 
of  whole blood to HIV enhances the expression of  tis-
sue factor (TF) on non-classical monocytes, whereas LPS-
activated TLR-4 increases TF expression on all monocyte 
subsets[47]. The acquisition of  such activated phenotypes 
by non-classical monocytes is reminiscent of  the observa-
tion in acute coronary syndrome and suggests a potential 
role of  non-classical monocytes in the cardiovascular risk 
of  HIV infection. A recent study reported a decrease in 
the proportion of  non-classical monocytes expressing TF 
in patients treated with rosuvastatin though anti-retroviral 
therapy has no effect on monocyte activation[54]. The func-
tional alteration of  monocyte subsets is associated with 
that of  the programmed death-1 (PD-1) pathway known 
to limit the functions of  virus-specific T cells during 
chronic infections such as HIV infection[55]. The expres-
sion of  PD-1 by monocytes is increased in viremic sub-
jects compared with healthy subjects, but the expression 
of  PD-1 by CD16+ monocytes is twofold higher than that 
of  classical monocytes. The relationship between HIV 
infection and PD-1 expression likely involves an indirect 
mechanism in which inflammatory cytokines play a major 
role[56]. First, the expression of  PD-1 by monocyte subsets 
is not related to viral load in patients with HIV infection. 
In vitro, viral material such as HIV single-stranded RNA 
(RNA40) fails to increase PD-1 expression by monocytes. 
Second, inflammatory cytokines such as TNF, IL-1β and 
IL-6 increase the expression of  PD-1 by monocytes in 
a dose-dependent manner, and it has been largely dem-
onstrated that the circulating levels of  these cytokines 
are increased in HIV infection[57,58]. Taken together, these 
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a tropism for immune and non-immune cells in vivo and 
in vitro, yet peripheral blood leukocytes are involved in 
viremia and latency, regardless of  the immune status of  
the patient[74]. Monocytes are likely latent reservoirs and 
support viral dissemination by benefiting from the matu-
ration of  monocytes into permissive macrophages and 
dendritic cells. CMV encodes inflammatory viral chemo-
kines required for viral dissemination. A recent study pro-
posed that patrolling monocytes acquire the virus from 
the initial site of  infection and deliver to the spleen and 
salivary glands where CMV can persist. Analysis of  the 
recruitment of  patrolling monocytes reveals two phases: 
the first phase is necessary for the activation of  natural 
killer (NK) response; and the second phase, involving 
viral chemokine and CX3CR1, the marker of  patrolling 
monocytes, is required for the amplification of  monocyte 
recruitment. Although this study revealed a previously 
undescribed role for this minority monocyte subset as a 
latent reservoir, it is not clear whether this finding can be 
extrapolated to human disease[75]. 

MONOCYTE SUBSETS AND BACTERIAL 
INFECTIONS
The study of  monocyte subsets in bacterial infections is 
in its infancy. In patients with severe bacterial sepsis, the 
number of  CD16+ monocytes is dramatically increased[76]. 
Another report shows that the proportion of  intermedi-
ate and non-classical monocytes increases during sepsis. 
CD16+ monocytes show a reduced ability to engulf  a 
bacterium such as E. coli, express low levels of  CD86 
and HLA-DR, and poorly presents antigen to T cells[77]. 
The hemolytic uremic syndrome observed in children is 
due to bacterial toxins. The acute period of  this disease 
is characterized by an increased proportion of  CD16+ 
monocytes that express higher levels of  CD16 and lower 
levels of  CD14 compared with those of  healthy age-
matched children. In addition, HLA-DR expression by 
classical monocytes is decreased in this patients, and this 
lower expression of  HLA-DR is related to the severity of  
the disease[78]. In patients with tuberculosis, the percent-
age and absolute numbers of  CD16+ monocytes are in-
creased[79]; nevertheless, some authors did not find chang-
es in the proportion of  CD16+ and CD16- monocytes 
during tuberculosis[80]. When expanded, these monocytes 
exhibit decreased expression of  markers associated with 
maturation and differentiation and also functional altera-
tions. These alteration include a decrease in phagocytosis 
potential, a tendency toward cell death and an increased 
production of  TNF after stimulation with live M. tubercu-
losis[79]. In addition, CD16+ monocytes differentiate into 
cells that poorly express CD1a and CD209 (DC-SIN) 
and with a low capacity for presenting mycobacterial an-
tigens. It is likely that this differentiated cell populations 
contributes to the impairment of  DC maturation during 
tuberculosis[81]. The expansion of  these monocytes is 
amplified in patients with HIV co-infection[82]. Q fever is 
an acute infectious disease caused by Coxiella burnetii, an 

obligate intracellular bacterium that targets monocytes 
and macrophages[83], in patients with valvular damage and 
in immunocompromised patients, the primo-infection 
may lead to a chronic disease that essentially manifests 
as endocarditis[83]. We recently found that the distribu-
tion of  monocyte subsets is altered in patients with Q 
fever endocarditis, with a decreased number of  CD16+ 

monocytes (non-classical and intermediate monocytes) 
(submitted manuscript), which to our knowledge, is the 
first demonstration that minor monocyte subsets are de-
creased in an infectious disease.

MONOCYTE SUBSETS AND PARASITIC 
INFECTIONS
Only a few papers report the modulation of  monocyte 
subsets in parasitic infections. It has been demonstrated 
that, the proportion of  CD16+ monocytes is increased in 
pregnant women infected with Plasmodium falciparum, the 
agent of  malaria. These CD16+ monocytes express high-
er levels of  CCR5 than classical monocytes[84]. CD16+ 
monocytes may play a major in the pathogenesis of  ma-
ternal malaria because placental plasma concentrations of  
chemokines such as CCL3 and IL-8 are increased and are 
associated with placental monocyte infiltration[84,85]. Nev-
ertheless, classical monocytes appear to be critical for the 
control of  Toxoplasma gondii infection in mice[86] and Leish-
mania brasiliensis in humans via the generation of  reactive 
oxygen species[87].  

MONOCYTE SUBSETS AND FUNGAL 
INFECTIONS
Aspergillus fumigatus
Aspergillus fumigatus (A. fumigatus) is an environmental fun-
gus that causes life-threatening infections in neutropenic 
patients. Inhaled A. fumigatus spores (conidia) germinate in 
the lung and form hyphae that invade blood vessels and 
disseminate to other tissues[88]. It has been clearly dem-
onstrated that monocyte subsets contribute differently to 
the defense against A. fumigatus infection. Indeed, classical 
monocytes are efficient at restricting conidial germination 
in vitro whereas CD16+ monocytes fail to suppress the ger-
mination of  conidia. The efficiency of  monocyte subsets 
in controlling A. fumigatus germination is likely dependent 
on inflammatory cytokines. Although classical monocytes 
do not secrete TNF following infection, CD16+ mono-
cytes produce high levels of  TNF and IL-1β[89]. These re-
sults are rather surprising because CD16+ monocytes are 
thought to be more mature and share features with tissue 
macrophages and, thus, might be expected to have stron-
ger antimicrobial properties[26]. These data suggest that 
CD16+ monocytes are the subset that is the most efficient 
in the control of A. fumigatus infection. 

Candida albicans
Candida albicans (C. albicans) is responsible of  the major-
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ity of  fungal infections. In 30% of  healthy subjects, C. 
albicans is present as commensal yeast. However when 
host defense mechanisms are impaired, C. albicans can 
cause mucocutaneous infections, or disseminate into the 
bloodstream, thereby infecting multiple organs[90]. Mono-
cytes are associated with systemic candidosis. While the 
uptake and killing of  C. albicans by classical monocytes 
and CD16+ monocytes are similar, classical monocytes 
stimulated with heat-killed yeasts produce higher levels 
of  IL-1β and prostaglandin E2 (PGE2) than CD16+ 
monocytes[91]. It has also been demonstrated that the 
production of  IL-1β by classical monocytes favors the 
production of  IL-17A by CD4+ T lymphocytes and that 
PGE2 regulates inflammation[92-94]. In addition, the higher 
production of  IL-1β and PGE2 by classical monocytes 
is associated with increased membrane expression of  
the mannose receptor (MR)[92,95], suggesting that classical 
monocytes instead play an immunoregulatory role. These 
results suggest that only classical monocytes are able to 
initiate antifungal Th17 responses in human CD4+ T 
lymphocytes.

CONCLUSION
Circulating monocytes has been classically considered a 
homogeneous cell population, but in recent years it has 
become clear that they are composed of  different sub-
sets. A review of  the literature shows that monocyte sub-
sets are differently affected in infectious diseases caused 
by varied pathogens including virus, bacteria, parasites 
and fungi. In the majority of  cases, an expansion of  
the CD16+ compartment is observed, and the increase 
in CD16+ monocytes is likely related to their activation 
through their direct interaction with the pathogen or 
through cytokines. More surprisingly, it has also been 
found that the relative number of  non-classical and inter-
mediate monocytes is decreased in Q fever endocarditis, 
suggesting that complex mechanisms govern the equilib-
rium between monocyte subsets. The measurement of  
monocyte subsets would be useful in better understand-
ing of  the role of  monocyte activation in the pathophysi-
ology of  infectious diseases.
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Abstract
Liver disease has recently been described as an im-
portant cause of morbidity and mortality in patients 
infected with human immunodeficiency virus (HIV). 
Liver test changes are useful surrogates of the burden 
of liver disease. Previous studies have shown that trans-
aminase elevations are frequent among these patients. 
The cause of those changes is harder to establish in 
HIV-patients. We present a 61-year-old caucasian male, 
diagnosed with HIV type 1 infection since 1998, under 
highly active antiretroviral treatment (HAART), with 
virological suppression and immunological recovery. 
He presented in a follow-up laboratory workup high 
values of transaminases, arthralgia at the hip joints and 
hepatomegaly. Liver function tests were normal. The 
antibodies to hepatitis viruses were negative. However, 
autoimmune study and liver biopsy were compatible 
with autoimmune hepatitis (AIH). The AIH is a rare di-

agnosis in HIV-infected patients perhaps because the 
elevation of transaminases and changes in liver function 
tests are often associated to HAART or to other possible 
liver diseases, namely viral hepatitis and non-alcoholic 
steatohepatitis. The diagnosis may be underestimated. 
There are no specific recommendations available for the 
treatment of HIV-associated AIH although the immuno-
supression with slower tapering seems the most reason-
able approach. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Autoimmune hepatitis diagnosis is a rare diag-
nosis in human immunodeficiency virus (HIV)-infected 
patients perhaps because the elevation of transami-
nases and changes in liver function tests are often at-
tributed to the Highly Active Antiretroviral Treatment or 
to other possible liver diseases, namely viral hepatitis 
and Non-Alcoholic Steatohepatitis. The diagnosis may 
be underestimated. There is no established treatment in 
those patients but it seems reasonable to consider im-
munosuppression also in HIV-infected patients.
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morbidity and mortality cause in human immunodeficien-
cy virus (HIV) patients and liver tests are typically part of  
routine care[1,2]. Liver dysfunction in HIV patients, at the 
acquired immune deficiency syndrome (AIDS) era, mainly 
corresponded to opportunistic infections, like cytomegalo-
virus (CMV), mycobacteria and leishmaniasis; cholangitis 
related to AIDS caused by parasitic infections like crypto-
sporidiosis and microsporidiosis; tumors like lymphoma 
and Kaposi sarcoma; hepatitis related with medication 
caused by antibiotics like trimetoprim-sulfamethoxazol[3]. 
Alcohol or drugs may also be considered[1]. With the ris-
ing obesity epidemic, reports have suggested that non-
alcoholic steatohepatitis (NASH) may be an important 
cause of  liver disease in the general population, but data 
among HIV-infected patients are more limited[1].

In AIH there is a loss of  immune tolerance to anti-
gens on hepatocytes with hepatic parenchyma is destruc-
tion by auto-reactive T cells[4]. T cells CD4+ and CD8+ 
interaction towards effector responses mediated by NK 
cells and cdT cells plays a major role in immunopatho-
genesis[4]. Many factors have been identified as possible 
triggers: viruses, xenobiotics, and drugs. This may suggest 
that regulatory T-cells (Treg) defects might be related to 
the pathogenesis of  AIH[4].

AIH diagnosis relies in several aspects: clinic, bio-
chemistry, immunology and histology features (Table 1)[4].

The International Autoimmune Hepatitis Working 
Group (IAHG), created a score in order to develop uni-
form diagnostic criteria. If  left untreated, the prognosis 
of  AIH is poor, the rates for 5 and 10-year survival are, 
respectively, 50% and 10%[4,5]. The therapy with pred-
nisolone leads to better survival[4]. Cirrhosis at diagnosis 
is present on histology in up to 30% of  adult patients[4].

The two phases of  standard therapy are: high-dose of  
corticosteroids for induction of  remission and low-dose 
corticosteroids and azathioprine for maintenance[4]. On 
prednisolone and azathioprine, more than 80% of  the 
patients will achieve remission[4].

There are fourteen case reports in the literature of  
AIH in HIV patients[6-9].

CASE REPORT
The patient was a 61-year-old caucasian male, married, 
carpenter, emigrant in France. He was diagnosed with 
HIV type 1 infection since 1998, sexually acquired, under 
HAART - Zidovudine 300 mg tid, Lamivudine 150 mg 
bid and Atazanavir 200 mg bid, with virological sup-
pression and immunological recovery (CD4+ cell count 
of  779/mm3). He was a smoker, he had no history of  
alcohol consumption or drug abuse. No new medications 
were introduced in the previous six months, neither over-
the-counter medication. He was followed in Portugal in 
Infectious Diseases’ consultations where he was observed 
twice a year.

In a follow-up laboratory workup, transaminases ele-
vation was detected: ALT (437 U/L), AST (227 U/L) and 
GGT (220 U/L). These values decreased in three months 
and increased again after, reaching the highest values at 
six months: ALT (684 U/L, almost 20 times above the 
upper normal limit), AST (367 U/L,10 times above the 
upper normal limit) and GGT (290 U/L). The alkaline 
phosphatase was normal. Bilirubin levels were elevated, 
both total (4.67 mg/dL) and conjugated (0.69 mg/dL). 
The total protein, albumin and coagulation parameters 
were normal. His CD4 count was 779/mm3.

At that time, he presented with severe arthralgia at 
the hip joints with no other symptoms. Jaundice, rash, 
petechiae, lymphadenopathy, lipodystrophy or parotid 
hypertrophy were absent. Arterial blood pressure tended 
to be low (95/65 mmHg). Signs of  hypervolemia namely 
jugular venous distension, hepatojugular reflux, pulmo-
nary stasis, or edema were not identified. The abdominal 
examination revealed hepatomegaly; the spleen was not 
palpable. 

Some laboratory tests were performed in an attempt 
to elucidate the etiology of  transaminase elevations. The 
cell blood count and platelets count were normal. Lipid 
profile was normal (Table 2). He was immune to hepatitis 
B and antibodies to hepatitis viruses A (HAV), B (HBV) 
and C (HCV) were negative. The copper metabolism was 
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Table 1  Features in favor of the diagnosis of alanine aminotransferase

Parameters                                   Diagnosis of autoimmune hepatitis

Clinical Female gender
Association with other autoimmune diseases

Autoantibodies ANA or SMA > 1:40 (type 1)
LKM > 1:40 (type 2)
SLA + (type 3)

Immunoglobulin IgG > upper normal limit
Biochemistry Hepatitic pattern (raised AST and ALT levels)
Histology Plasma cell-rich mononuclear infiltrate

Interface hepatitis with ballooning and rosetting of peri-portal hepatocyte; ± peri-portal fibrosis
Lobular necroinflammatory activity 
No bile duct loss or chronic cholestasis

Radiology and ERCP Normal
Exclusion of other etiology Exclusion of viral, metabolic, drug and alcoholic etiology
Response to steroid Good

ALT: Alanine aminotransferase; ANA: Antinuclear antibodies; AST: Aspartate aminotransferase; IgG: Immunoglobulin G; LKM: Liver kidney 
microsome antibodies; SLA: Soluble liver antigen antibodies; SMA: Smooth muscle antibodies.



normal (Table 2), excluding Wilson disease. There were 
alterations in iron metabolism (Table 2) with high values 
of  transferrin saturation (84%). Hemochromatosis was 
excluded, he was heterozygous to the HFE gene (with-
out mutation). The alpha 1 antitrypsin value was normal. 
The autoimmunity assays revealed anti-nuclear antibody 
(ANA) of  1/1000 with a nucleolar pattern and a slightly 
positive anti smooth-muscle antibody (SMA). The seric 
protein electrophoresis and IgG levels were normal. The 
alpha fetoprotein was normal. The abdominal ultrasound 
showed a normal sized liver with an heterogenous ap-
pearance but without focal lesions, normal biliary ducts, a 
portal vein with normal caliber and patent; the pancreas 
and spleen were normal.   

A transthoracic percussion guided liver biopsy was 
performed after five months, without complications. 
The histological study showed portal fibrosis with porto-
portal bridging (Figure 1). Density of  inflammatory in-
filtrates was variable in portal ducts. Piece-meal necrosis 
was identified in the periphery of  portal ducts and septa 
(interface hepatitis). Inflammatory infiltrates were also 
seen in the sinusoids were plasma cells (isolated or in ag-
gregates) were easily identified (Figure 2). No signs of  vi-
ral inclusions were identified. Immunostaining for CMV 
was negative. In the clinical and analytical setting of  the 
patient, the diagnosis of  AIH was strongly favoured. The 
definite diagnosis was type I AIH with a pre-treatment 
score of  16. 

He started corticosteroids with prednisolone 60 mg 
per day and kept the HAART scheme he was doing. The 
clinical response to the treatment was good leading to 
the reduction of  corticosteroid dose to 40 mg per day 
after two months of  therapy. Then, corticosteroid dose 
was reduced to 30 mg per day after five months and aza-
thioprine 25 mg per day was added at seven months of  
therapy. After eighteen months, the transaminases levels 
were normal. 

There was no infectious complication. Also, he 

showed sustained virological suppression and exhibited 
immunological recovery with CD4+ cell count of  1619/
mm3 after starting the immunosuppressive treatment with 
azathioprine.

DISCUSSION
Liver test changes are being found increasingly on testing 
for other symptoms or diseases and HIV patients treated 
with HAART present them frequently[1,2]. Those changes 
are influenced by hepatotoxicity to medication, co-infec-
tions by hepatotropic virus, other liver diseases (steatosis 
and metabolic diseases), alcohol and drugs mediated 
hepatotoxicity[4]. More severe biochemical and pathologi-
cal liver disease results from the interplay between liver 
lesions, leading to greater progression of  fibrosis which 
may be triggered by greater sensitivity to toxic agents (al-
cohol and drug), HAART worsening underlying steatosis, 
HCV cytotoxicity especially in the cases of  an increased 
HCV load in the liver. However, some studies show that 
the use of  medications was not significantly associated 
with liver abnormalities in HIV-infected patients[4]. Also, 
51% of  abnormal liver tests are unexplained[1].

Clinical history was negative for risk factors such as 
alcohol, drugs and over-the-counter or prescribed medi-
cations, except for HAART. The latter was not discontin-
ued or changed since it was established. In biochemical 
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Table 2  Laboratory workup results

Auto-immunity 11.2009 Reference values

ANA > 1/1000 nucleolar < 1/100
SMA Slightly positive Negative
Copper Metabolism 
Copper (mcg/dL) 92 50-140
Ceruloplasmin (mg/dL) 24.6 18-45
Iron Metabolism 
Iron (mcg/dL) 274 53-167
Transferrin (mg/dL) 233 206-360
Ferritin (ng/mL) 1274.8 16.4-293.9
Transferrin Saturation (%) 84 15-50 (males)
Lipid Profile
Total cholesterol (mg/dL) 140 < 200
LDL cholesterol (mg/dL) 83 < 130
HDL cholesterol (mg/dL) 41 > 40
Triglycerides (mg/dL) 69 < 150

ANA: Antinuclear antibodies; HDL: High density lipoprotein; LDL: Low 
density lipoprotein; SMA: Smooth muscle antibodies.

Figure 1  Portal fibrosis and porto-portal bridging (H and E).

Figure 2  Mononuclear inflammatory infiltrates in sinusoids with plasma 
cells (inset).
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sible mechanism[10]. Our patient always had virological 
suppression while he developed the liver test abnormali-
ties. 

Homeostasis in the liver is maintained by complex 
networks of  effector and regulatory lymphocytes and 
its impairment may result in a proper local environment 
leads to disruption of  autoimmunity and AIH[4]. The 
case herein presented is different from those previously 
reported because the AIH results from a conjunction of  
factors independent of  the virological suppression and 
immunological recovery.

Another interesting possibility is the genetic sus-
ceptibility. HLA-DR3 (A1-B8-DR3) and DR4 make 
more probable the recognition of  self-antigens despite 
adequate thymic selection: increase susceptibility to type 
1 AIH and DR7 associated with type 2 AIH and im-
mune responses against hepatocyte enzyme CYP2D6[4]. 

This hypothesis was not evaluated in our patient and it 
remains to be elucidated the role of  this mechanism in 
HIV-infected patients. 

According to the recommendations of  the IAHG 
for AIH management, our patient fulfilled the criteria 
for treatment: AST > 10 fold, multiacinar necrosis in the 
liver biopsy and disabling symptoms. 

No specific recommendations are available for the 
treatment of  HIV-associated AIH. In the present case 
we decided for immunosuppression with corticosteroids 
at the dose generally used in other AIHs. However, cor-
ticosteroids dose reduction was slower than usual and 
azathioprine was introduced only seven months after the 
beginning of  treatment and in a lower dose. The limited 
experience and small amount of  studies considering the 
treatment of  AIH in an HIV-infected patient and the fact 
that we only could evaluate this patient twice a year made 
us follow an individualized scheme of  treatment in the 
case herein reported.

AIH is a rare diagnosis in HIV-infected patients per-
haps because the elevation of  transaminases and changes 
in liver function tests are often attributed to the HAART 
or to other possible liver diseases, namely viral hepatitis 
and NASH. So, the diagnosis may be underestimated. 
Also, the liver biopsy should be performed while evaluat-
ing hepatitis of  undetermined etiology in HIV-infected 
patients. Many possible mechanisms were suggested to 
explain the pathogenesis of  AIH in HIV-infected pa-
tients. The treatment has to be individualized after con-
sideration of  the risks and benefits but it seems reason-
able to consider that immunosuppression should not be 
postponed in HIV patients.
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study alterations concerning iron metabolism might be 
reactive in nature since hemochromatosis was excluded. 
The increased levels of  autoantibodies (ANAs and anti-
SMA) raised the probability of  AIH and a liver biopsy 
was performed in the absence of  contra-indications. Due 
to indolent changes on liver tests and to the patient only 
visited Portugal twice a year, liver biopsy was postponed 
a couple of  months. The objectives were to confirm the 
diagnosis of  AIH; to evaluate disease severity at the base-
line for immunosuppressive therapy for better evaluation 
of  response; for stratification of  liver disease; for prog-
nostic information (immunosuppression may improve 
interface hepatitis whereas fibrosis or cirrhosis usually 
occur from established bridging necrosis), which is asso-
ciated with an adverse prognosis and to evaluate putative 
co-existent lesions[4,5]. 

The diagnosis of  AIH was confirmed according to 
the criteria of  the IAHG and the patient scored 16. The 
score has high sensitivity and specificity but with con-
comitant diseases like non-alcoholic fatty liver, biliary dis-
ease or fulminant hepatitis, it does not perform so well[4,5]. 
Importantly, there are no studies on the use of  this score 
in patients infected with HIV.

The diagnosis of  AIH in HIV-infected patients is 
hard to support because usually HIV-infection is consid-
ered has being protective against autoimmunity. However, 
there are many mechanisms proposed by which HIV-
infection may predispose to autoimmunity.

It is thought that viral infections may generate a 
proper environment, pro-inflammatory, that overcomes 
regulatory networks resulting in the generation and self-
perpetuating of  autoimmune reactions[4]. So, the virus 
itself  may be a trigger. 

AIH seems to be related with Treg defects in both 
the number and function. Regulatory T cells are a neces-
sary component of  the immune homeostasis[4]. It is not 
known if  their function is similar in HIV-infected pa-
tients. Clarification of  the Treg function, molecular and 
cellular bases may help to AIH management[4].

The Th17 T cells are crucial in autoimmunity[4]. In 
the HIV-infected patient we don’t know how this bal-
ance is achieved and perhaps there are some alterations 
in the proportion of  CD4+ T-cell. It means that an un-
balance towards the higher prevalence of  Th17 T cells 
may be present and may be an explanation for triggering 
autoimmunity in HIV-infected patients. In our patient, 
this unbalance may be supported for the fact that he had 
immunological recovery in the period that the liver test 
abnormalities settled, with CD4+ T-cells always above 
700/mm3, which means that some of  these T-cells were 
maybe directed towards the production of  Th17 T cells. 

Another suggested mechanism is the role of  immune 
restoration[1,4,7-9], something that can’t be an explanation 
in our patient because he already had immunological re-
covery. Also, is difficult to establish the link between im-
mune restoration and liver deterioration[4].

Uncontrolled viral replication was suggested as pos-
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COMMENTS
Case characteristics 
A 61-year-old male Caucasian patient with human immunodeficiency virus 
(HIV)-1 infection under highly active antiretroviral treatment (HAART) presented 
with arthralgia, hepatomegaly and changes in liver tests.
Clinical diagnosis 
Autoimmune hepatitis in an HIV-1 patient under HAART.
Differential diagnosis
Hepatotoxicity to medication, co-infections by hepatotropic virus and parasites, 
other liver diseases like non-alcoholic fatty liver disease and metabolic dis-
eases, alcohol and drugs mediated hepatotoxicity.
Laboratory diagnosis
Elevated transaminase values, positive anti-nuclear antibody of 1/1000 with a 
nucleolar pattern and a slightly positive anti smooth-muscle antibody.
Imaging diagnosis
Trans-thoracic liver biopsy.
Pathologic diagnosis
Liver biopsy histology showed piece-meal necrosis identified in the periphery 
of portal ducts and septa (interface hepatitis) and inflammatory infiltrates were 
also seen in the sinusoids were plasma cells (isolated or in aggregates).
Treatment
Standard treatment adapted with corticosteroids and azathioprine in lower 
doses and slower tapering.
Related reports
Liver test changes etiology is hard to establish in patients with HIV-1 infection 
and sometimes lead to changes in HAART therapy doses because they are 
easily attributed to secondary effects of the medication.
Experiences and lessons
Liver test changes in HIV-1 patients should be looked up carefully: autoimmune 
hepatitis is a possible etiology (although the mechanism is not totally under-
stood) and it should be treated in with an adapted standard treatment probably 
with lower doses and slower tapering.
Peer review
Nice case report.
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Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as χ2 
(in Greek), related coefficient as r (in italics), degree of  freedom as υ (in 
Greek), sample number as n (in italics), and probability as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, 
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23243641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/2219-2824/
g_info_20100725073806.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and on 
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful 
to the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
All types of  articles’ writing style and requirement will be found in the 
link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15

RESUBMISSION OF THE REVISED
MANUSCRIPTS
Authors must revise their manuscript carefully according to the 

revision policies of  BPG. The revised version, along with the 
signed copyright transfer agreement, responses to the reviewers, 
and English language Grade A certificate (for non-native speakers 
of  English), should be submitted to the online system via the link 
contained in the e-mail sent by the editor. If  you have any questions 
about the revision, please send e-mail to esps@wjgnet.com.

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/2219-2824/g_info_20100725073806.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the reviewers’ 
comments can be found at: http://www.wjgnet.com/2219-2824/
g_info_20100725073806.htm.
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