






the  study  subjects.  Admission  data  was  reviewed
every three months and close follow-up of individual
subjects  was  performed  every  half  year  after
immunotherapy  was  completed.  Follow-up included
phone  inquiry  to  determine  physical  condition  and
clinical monitoring of NPC progression.

RESULTS

Clinical Trials

Patients with NPC began to enroll in this study in
April  2009.  We  completed  the  study  in  October
2010.  Twenty-nine  patients  with  NPC  (age  24–66)
were  enrolled  at  the  hospital  for  treatment  with
intradermal  injections  and  agreed  to  participate  in
follow up for five years.

LMP2-DCs Can be Prepared Efficiently

Monocytes  isolated  from  PBMCs  were  cultured
and  induced  to  DC  differentiation in  vitro.  During
differentiation,  cells  progressively  acquired  DC
morphological  features.  Cells  were loosely  adherent
and  irregularly  netted.  We  observed  the  formation
of  cell  mass,  increased  cell  size,  folding  on  the
cellular  surface,  and  the  formation  of  cytoplasmic
projections  (Figure  2).  Immunocytochemical  assay,
using  a  LMP2  monoclonal  antibody,  was  performed
to confirm the expression of  LMP2 in  100 MOI  rAd-
LMP2 infected DCs. An optical microscope was used
to illuminate DCs expressing LMP2 (Figure 3).

LMP2-DCs Are Safe and May Offer Clinical Benefit in
Subjects with NPC

We tested LMP2-pulsed matured DCs for vaccine
production in a pilot study of patients with NPC after
conventional  radiotherapy  and  chemotherapy.
Elutriated  monocytes  were  obtained  from  the
PBMCs of the study subjects and cultured in six-well
plates  with  IL-4  and  GM-CSF  for  7  d.  On  day  8  of
culturing,  DCs  were  pulsed  with  rAd-LMP2  for  2  h,
followed by treatment with TNF-α, IL-4, and GM-CSF
for  two  days.  mLMP2-DCs  were  harvested  and
cryopreserved  before  administration.  At  the  same
time,  the  expression  of  CD83,  CD86,  and  DC-DR  on
DC  surface  was  confirmed  by  flow  cytometry.
Expression  of  CD  molecules  on  the  surface  of  DCs
showed  considerable  variation  (from  10.57% to
99.87%) in 22 patients with NPC, which may be due
to  the  different  responses  to  LMP2  (Supplementary
Table S3 available in www.�besjournal.com); i.e., NPC
(as indicated by CD83, CD86, and DR molecules) was
not detected in seven of the patients (Patients No 4,

15,  16,  17,  18,  19,  25).  mLMP2-DCs  vaccines  were
administered through intradermal  injection.  Each of
the  study  subjects  received  three  vaccinations.  In
total,  87  intradermal  vaccinations  were  performed.
All vaccines were well tolerated, with only local rigor
and swelling at the injection site, which subsided the
following  day  without  treatment.  Weight,  blood
pressure,  heart  rate,  respiratory  signs,  and  other
clinical  monitoring  data  were  within  the  normal
range before and after injection, and no serious side
effects were observed.

mLMP2-DCs  Vaccine  Elicits  Tangible  Specific  CTL
Responses

To analyze the effects of vaccination, specific CTL
responses  to  LMP2  were  examined  pre-  and  post-
injection  for  each  of  the  three  injections.  CTL
responses to LMP2 increased in 18 of 29 immunized
NPC patients (62.1%), compared with pre-immunized
subjects (Figure 4A, B).  The size of  responses varied
from  2.0  to  8.4-fold  (Figure  5A).  Among  these  18
patients,  two  (2/3,  66.7%)  were  in  stage  I  of  the
disease,  nine  (9/11,  81.8%)  in  stage  II,  five  (5/10,
50.0%)  in  stage III,  and two (2/5,  40.0%)  in  stage IV
(Figure  5B).  There  was  a  higher  incidence  of

 

Figure 2. Morphology of mature DCs expressing
LMP2. Magnification, 400×.
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Figure 3. LMP2-expression in monocyte-derived
DC  infected  by  rAd-LMP2  with  100  MOI.  (A)
Negative control; (B) LMP2-DCs. Magnification,
200×.
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increased  specific  responses  median  4.3  and  3.2-
fold)  in  subjects  at  an  early  stage  of  NPC  (than  in
advanced  stage  subjects  (median  3.1  and  2.9-fold)
(Supplementary  Table  S4 available  in  www.
besjournal.com). However, 11 of the 29 patients did
not  show  any  difference  in  CTL  responses  to  LMP2
(Figure  6).  CTL  responses  to  LMP2  increased  (1.8-
fold) in Patient No. 24 but were still  below two-fold
and  the  case  was  therefore  defined  as  a  non-

responder.  Of  the  11  non-responder  patients,  one
was  in  stage  I,  two  in  stage  II,  five  in  stage  III,  and
three in stage IV. The expression of CD83, CD86, and
DC-DR  on  the  surface  of  DCs  was  lower  in  non-
responders than in responders, which caused no CTL
responses to LMP2. The titer of IgA antibody to VCA
did  not  show  obvious  variation  (≥ 4-fold  titer
changes  defined  as  positive  responses)
(Supplementary  Table  S5 available  in  www.
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Figure 4. Boosted  CTLs  responses  to  LMP2  peptide  sub-pools  before  and  after  immunization.  (A) CTLs
responses specific to LMP2 peptide sub-pools before and after immunization in early-stage NPC patients.
Boosted T-cell responses to LMP2 in 11 of 14 NPC stage I and II patients. 18 of 29 NPC patients (62.1%)
had boosted CTL responses to LMP2, as shown in Figures 4–5. However, 11 of 19 patients did not show
positive CTL responses to LMP2. Of 18 patients,  2 (2/3,  66.7%) were in stage I,  9 (9/11,  81.8%) were in
stage II, 5 (5/10, 50.0%) were in stage III, and 2 (2/5, 40.0%) were in stage IV. Specific CTL responses were
augmented 2.0 to 8.4-fold compared with pre-immunization. Increased size of specific responses is higher
in early stage (median 4.3- and 3.2-fold) than at advanced stage (median 3.1- and 2.9-fold).  (B) specific
responses  of  CTLs  to  LMP2  peptide  sub-pool  before  and  after  immunization  in  advanced  patients  with
NPC.  T-cell  responses  to  LMP2  were  boosted  in  7  of  15  stage  III  and  IV  patients.  CTL,  cytotoxic  T
lymphocyte; SFC, spot-forming cell.
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besjournal.com).  A  test  for  EBV  DNA  proved  to  be
negative for both pre- and post-immunization of DC-
LMP2  in  all  29  patients.  All  the  patients  were
clinically  disease-free  after  treatment  with
chemotherapy  and  radiotherapy  (Supplementary

Table  S6 available  in  www.�besjournal.com).
However,  EBV  DNA  was  detected  in  the  plasma  of
one  patient  (No.  22)  and  increased  along  with  the
development of disease (578 copies/mL� in 2012 and
4.6 × 104 copies/mL in 2013) (Supplementary Table S6).
The  size  of  LMP2-specific  T  cell  responses  gradually
decreased  with  development� of  cancer  in  patients
with NPC (Figure 6).

LMP2-specific  Response of CTLs Plays an Important
Role  in  Controlling  and Preventing  NPC Recurrence
and Metastasis

To  evaluate  the  long-term  therapeutic  efficacy
after  vaccination,  we  followed  up  with  the  study
subjects  for  five  years  (from  October  2009  to
December 2015). Seven patients died, of whom one
(1/11) had stage II NPC, four (4/10) had stage III NPC,
and  two  (2/5)  had  stage  IV  NPC.  Only  one  of  the
deceased subjects was a responder, the other six of
the  seven  deceased  subjects  were  non-responders
(Supplementary  Table  S7 available  in  www.
besjournal.com).  The  five-year  survival  rate,  from
immunotherapy completion to the end of 2015, was
94.4% in  responders  and  45.5% in  non-responders
(Table  1).  The  survival  durations  were  1–4  years  in
the  seven  patients  who  died  within  five  years,  with
durations  in  most  patients  being  2–3  years
(Supplementary  Table  S8 available  in  www.
besjournal.com).  This  suggests  that  CTLs  responses
that  are  specific  to  LMP2  play  a  role  in  controlling
and preventing NPC recurrence and metastasis.
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Figure 5. The size of responses to DC vaccine in
patients  with  NPC.  (A)  size  (percent  increase)
of LMP2-specific T cell responses stimulated by
LMP2-DCs  vaccine.  (B)  size  (percent  increase)
of the responses in patients at different stages
of NPC. CTL, cytotoxic T lymphocyte.
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Figure 6. CTL responses to LMP2 peptide sub-pool  before and after  immunization.  In  11 of  29 patients,
there were no positive CTL responses to LMP2; rather,  CTL levels were slightly elevated, unchanged, or
decreased.  72.7% of  the  patients  were  in  later  stages  of  NPC  (stage  III  and  stage  IV).  Patient
characteristics are presented in Supplementary Table S1. CTL, cytotoxic T lymphocyte; SFC, spot-forming
cell.
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DISCUSSION

DC-based immunotherapy shows great  potential
for the treatment of cancer[14,15]. DC immunotherapy
is conducted mostly through tumor antigen peptides
or  tumor  gene-loaded  DCs.  However,  few  tumor-
specific or associated antigens have been identified.
EBV  infection  is  closely  associated  with  NPC  and  is
recognized as an etiological agent. LMP2 encoded by
EBV  is  detected  in  most  NPC  biopsies.  This  protein
contains CD8 T cell epitopes and is considered one of
the  ideal  target  antigens  for  immunotherapy[5].
Therefore,  LMP2 was  selected as  the target  antigen
for  NPC  immunotherapy  in  our  study.  Although  DC
vaccine  could  be  administered  by  venous
transfusion, lymph node, and intra-tumoral injection;
fewer  DCs  were  required for  intra-tumoral  injection
to  stimulate  an  efficient  Th1/Th2  response[16–18].
Thus,  it  is  more  practical  to  administer  DC
vaccination  to  tumor  patients via intradermal
injection.  Our  group  has  previously  reported  nine
NPC patients who received 60Co irradiated LMP2-DCs
through intradermal injection, and the CTL responses
specific  to  LMP2 were boosted in  five  of  these nine
NPC  patients[19].  rAd-LMP2  is  a  replication-defective

adenovirus  which  has  a  good  safety  and  may  affect
the  function  of  LMP2-DCs  that  were  irradiated  by
60Co.  In  the  present  study,  LMP2-DCs  were  directly
immunized  through  intradermal  injection  instead  of
60Co  irradiation.  Our  results  suggest  that  CTL
responses specific to LMP2 in the early stage of NPC
are much better  than that  in  the advanced stage of
the  disease  (Table  2).  Therefore,  we  consider
intradermal injection more suitable for patients with
early-stage  NPC  than  those  in  the  advanced  stage.
Among  the  29  patients,  11  had  been  for  3  months
after  radiotherapy  or/and  chemotherapy,  and
specific  CTL  responses  improved  in  nine  of  these
eleven  patients  after  injection  of  LMP2-DCs,  which
indicates  that  immunity  levels  were  back  to  normal
for most of the patients three months after radiation
and  chemotherapy.  The  LMP2-specific  responses  of
CTL  in  some  responsive  NPC  patients  are  reduced
very  quickly.  One  of  our  main  concerns  is  how  to
maintain  LMP2-specific  CTL  responses  at  a  certain
level.  We  are  currently  testing  if  we  can  maintain
LMP2-specific CTL responses by increasing injections
and  using  multi-vector  forms  of  immunity.  We  did
not detect changes in IgA antibody titers to EBV-VCA,
since our experimental design was to activate LMP2

Table 1. Specific CTLs responses in patients with NPC after immunization with LMP2-DC

Stage
Early stage Advanced stage

5-year survival rate (%) (n = 29)
I (n = 3) II (n = 11) III (n = 10) IV (n = 5)

Positive reaction 2 9 5 2 18/29 (62.1)

Death 0 0 1 0 1/18 (5.6)

Survival 2 9 4 2 17/18 (94.4)

5-years survival rate (%) 100.0 85.7

Negative reaction 1 2 5 3 11/29 (37.9)
Death 0 1 3 2 6/11 (54.5)

Survival 1 1 2 1 5/11 (45.5)

5-years survival rate (%) 66.7 37.5

Total death rate (%) 0.0 9.1 40.0 40.0 7/29 (24.1)

Total survival rate (%) 100.0 90.9 60.0 60.0 22/29 (75.9)

Table 2. Relation between the stage of NPC and LMP2 specific-CTLs

Stage Cases LMP2 CTLs POS (%) LMP2 CTLs NEG (%) Total (%)

I   3 2 (66.7) 1 (33.3) 100.0

II   8 7 (87.5) 1 (12.5) 100.0

III   5 3 (60.0) 2 (40.0) 100.0

IV   3 1 (33.3) 2 (66.7) 100.0

Total 19 13 (68.4) 6 (31.6) 100.0
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specific  cellular  immune  responses,  not  humoral
immune responses. In addi�on, two months was not
sufficient  to  detect  the  changes  in  IgA  an�body
levels.

In previous studies it has been reported that EBV
genome copies could serve as an index of treatment
efficacy  for  early  diagnosis  and  prognosis  of
NPC[20,21].  We  therefore  examined  plasma  EBV
genome copies of  NPC  pa�ents  before and  a�er  DC
immunotherapy,  but  the  plasma  data  results  were
nega�ve  in  all  NPC  pa�ents,  which  suggests  that
clinical  post-radiotherapy  and  post-chemotherapy
may inhibit the replica�on of the EB virus. However,
EBV DNA was detected in the plasma of one pa�ent
(No.  22)  and increased along  with  the  development
of  the  disease  (578  copies/mL  in  2012  and  4.6  ×
104 copies/mL in 2013).

Each  subject  received  three  consecu�ve
injec�ons  of  LMP2-DCs:  at  week  0  and  a�er  at
thesecond  and  fourth  weeks.  LMP2-specific  CTL
responses  were  examined  pre-injec�on,  at  week  0,
and at the fi�h and eighth weeks. To further confirm
the  therapeu�c  efficacy  of  LMP2-DCs  vaccines  in
trea�ng NPC, future studies should include follow-up
for long-term therapeu�c effects, the launch of large
mul�center  clinical  trials,  and  so  on.  How  to  best
combine  laboratory  data  with  efficacious  clinical
treatment is a topic for future research.
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Supplementary Table S1. Characteristics of NPC
patients in this study

Patient
ID Sex Age Stage at

enrollment
Time after radiotherapy and

chemotherapy (months)
1 M 37 I 9

2 F 39 I 3

3 M 37 I 9

4 M 49 II 6

5 F 61 II 3

6 F 37 II 3

7 M 34 II 6

8 F 34 II 7

9 F 53 II 3

10 F 34 II 5

11 F 61 II 3

12 F 30 II 8

13 F 51 II 3

14 M 44 II 3

15 M 66 III 8

16 M 36 III 4

17 M 24 III 9

18 F 35 III 6

19 M 39 III 3

20 M 36 III 6

21 F 37 III 5

22 M 55 III 3

23 F 60 III 9

24 F 33 III 4

25 M 28 IV 7

26 M 33 IV 3

27 M 36 IV 9

28 F 50 IV 8

29 M 30 IV 3

Supplementary Table S2. Peptide mixes from LMP2

Sub-peptide pool Sequences of amino
acids in LMP2 Purity (%)

5 MGSLEMVPM 95

5 LPVIVAPYL 95

5 PYLFWLAAI 95

5 FTASVSTVV 95

5 IEDPPFNSL 95

5 RRRWRRLTV 95

5 RRWRRLTVC 95

5 RRLTVCGGIMF 95

5 TVCGGIMFL 95

5 SSCSSCPLSKI 95

5 ILLARLFLY 95

5 TYGPVFMCL 95

5 LTAGFLIFL 95

5 LIVDAVLQL 95

6 LFWLAAIAASCF 75

6 AAIAASCFTASV 75

6 STVVTATGLALS 75

6 LALSLLLLAAVA 75

7 LTAVVTFFAICL 75

7 FNSLLFALLAAA 75

7 LFALLAAAGGLQ 75

7 CGGIMFLACVLV 75

7 MFLACVLVLIVD 75

8 CVLVLIVDAVLQ 75

8 TVVSMTLLLLAF 75

8 MTLLLLAFVLWL 75

8 LLTLAAALALLA 75

8 LTTMFLLMLLWT 75

10 AGILFILAILTE 75

10 GLLTMVAGAVWL 75

10 MVAGAVWLTVMS 75

10 SAWILTAGFLIF 75

10 FLIFLIGFALFG 75

11 IYVLVMLVL 95

11 LLWTLVVLL 95

11 WTLVVLLI 95

11 FLYALALLL 95

11 CLGGLLTMV 95

11 VMSNTLLSAW 95

11 LLSAWILTA 95
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Supplementary Table S3. Detection of CD83, CD86, and DR molecules on the cell surface in LMP2-DCs

Patients ID DC-CD83 (%) DC-CD86 (%) DC-DR (%)

1 99.32 99.76 99.61

2 67.24 47.54 66.86

3 64.07 44.24 57.27

4 Missed Missed Missed

5 84.45 94.92 93.74

6 99.39 84.88 88.09

7 60.65 52.13 61.61

8 17.02 52.67 37.26

9 55.17 42.34 53.40

10 76.77 77.48 92.56

11 49.53 51.08 81.82

12 74.76 65.75 78.67

13 69.80 71.86 67.83

14 99.86 99.87 99.52

15 Missed Missed Missed

16 Missed Missed Missed

17 Missed Missed Missed

18 Missed Missed Missed

19 Missed Missed Missed

20 91.52 97.53 97.45

21 53.10 59.51 87.67

22 68.51 57.63 72.53

23 54.99 38.25 52.29

24 98.91 86.72 96.93

25 Missed Missed Missed

26 83.28 94.22 92.25

27 10.57 60.12 47.38

28 29.13 36.80 20.92

29 80.31 72.40 80.28

　　Note. The positive rates of CD83, CD86, and DC-DR on DC surface were also detected by flow cytometry.
Expression of CD molecules on the surfaces of DCs varied widely in patients with NPC.
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Supplementary Table S4. Specific-CTLs responses induced by LMP2-DCs in NPC patients

Patient ID Stage at enrollment Pre-vaccination
(Spot-forming cells/million PBMC)

Post-vaccination
(Spot-forming cells/million PBMC) Percent increase (%)

1 I 270 1,576 484

3 I 840 2,395 185

4 II 500 1,478 196

5 II 212 670 216

6 II 310 1,530 394

9 II 450 977 117

10 II 975 1,980 103

11 II 980 5,760 488

12 II 680 2,995 340

13 II 770 1,850 140

14 II 534 3,023 466

17 III 80 673 741

18 III 350 685 96

19 III 675 1,775 163

20 III 160 580 263

23 III 1,420 2,805 98

26 IV 293 1,055 260

29 IV 2,910 6,590 126

Supplementary Table S5. IgA /VCA antibody titer in plasma

Patient ID Stage at enrollment Week 0 Week 5 Week 8

1 I 320 160 160

2 I 80 80 80

3 I 40 40 40

4 II 160 80 160

5 II 20 40 20

6 II 160 160 160

7 II 40 40 40

8 II 80 80 80

9 II 40 40 40

10 II 80 40 80

11 II 160 160 160

12 II 20 20 20

13 II 80 80 80

14 II 80 80 80

15 III 20 20 20

16 III 40 40 40

17 III 40 80 40

18 III 40 40 40
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Continued
Patient ID Stage at enrollment Week 0 Week 5 Week 8

19 III 40 40 40

20 III 320 320 160

21 III 40 40 40

22 III 80 160 80

23 III 40 40 40

24 III 20 20 20

25 IV 40 40 40

26 IV 80 40 80

27 IV 80 80 80

28 IV 320 320 320

29 IV 80 80 80

Supplementary Table S6. EBV-DNA concentration in plasma

Patient ID Stage at enrollment Year (2011) Year (2012) Year (2013) Year (2014) Year (2015)

1 I – – – – Neg
2 I Neg – Neg – Neg
3 I Neg Neg – Neg Neg
4 II Neg Neg Neg Neg Neg
5 II Neg Neg Neg – Neg
6 II – – – – –
7 II Neg Neg Neg Neg Neg
8 II – – Neg – –
9 II Neg Neg Neg – –

10 II Neg – – – –
11 II – – – – –
12 II – – Neg – –

13 II Neg 1.6 × 103 – – –
14 II Neg Neg Neg Neg –
15 III Neg – Neg Neg
16 III Neg – – – Neg
17 III Neg Neg Neg Neg –
18 III – – – – –
19 III Neg – Neg Neg –
20 III Neg Neg Neg – –
21 III Neg – – – –

22 III Neg 578 4.6 × 104

23 III Neg Neg Neg Neg –
24 III – – – – –
25 IV – Neg – – –
26 IV Neg Neg Neg Neg Neg
27 IV – – – – –
28 IV – – – – –

29 IV Neg Neg Neg Neg 3 × 103
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