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* Transfusion of autologous cytokine-induced Kkiller cells inhibits viral replication in patients with

chronic hepatitis B virus infection

* A randomized, controlled trial of postoperative adjuvant cytokine-induced Kkiller cells immunotherapy

after radicalresection of hepatocellular carcinoma
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* Study of Chemotherapy With Adoptive Cellular Therapy With DC-CIK Cells in Triple Negative Breast Cancer

Patients (DCCIK)

* Laboratory-Treated T Cells With or Without Ipilimumab in Treating Patients With Metastatic Melanoma

* DC Vaccine Therapy Combined With Cytokine-Induced Killer Cell in Treating Patients With Renal Cell

Carcinoma
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JRX{ER : Mesenchymal stem cell-based tissue regeneration is governed by recipient T lymphocytes via IFN-y and TNF-a.
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Senescence surveillance of
pre-malignant hepatocytes limits liver cancer development

Upon the aberrant activation of oncogenes, normal cells can enter the cellular senescence program, a state of
stable cell-cycle arrest, which represents an important barrier against tumour development in vivo. Senescent cells
communicate with their environment by secreting various cyvtokines and growth factors. and it was reporied that
this ‘secretory phenotype” can have pro- as well as anti-tumeorigenic effects, Here we show thal encogenc-induced
senescence occurs m otherwise normal murme hepatocvies in vivo, Pre-malignant sencscent hepatocyles secrete
chemo- and cylokines and are subject to mmune-mediated clearance (designated as “sencscence surveillance’),
which depends on an intact CD4+ T=cell-mediated adaptive immune response. Impaired immune surveillance of
pre-malignant sencscent hepatocvies resulls in the development of murme hepatocellular carcinomas (HCOCs), thus
showing that senescence surveillance is important for fumour suppression in vivo. In accordance with these
observalions, ras-specific Thil lyvmphocyies could be detected in mice, i which oncogene-mduced senescence had
been triggered bv hepatic expression of NrasG12V., We also found that CD4+ T cells reguire
monocyies macrophapes o execute the clearance of senescent hepatocyies. Owur siudy mndicates thal senescence

the cellular sencscence program i involved in fumour immune surveillance by mounting specific immune
respanses agamst antigens expressed in pre-malignant sencscent cells.
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Cancer immunotherapy comes of age
Ira Mellman,George Coukosé&: Glenn Dranoff

Activating the immune system for therapeutic benefit in cancer has long been a goal in immunology and
oncology, After decades of disappointment. the tide has [nally changed due to the suceess of recent proof-of-
concepl chinical trials. Most notable has been the ability of the anti-CTLA4 antibody, ipilimumab, to achieve a
significant increase in survival for patients with metastatic melanoma, for which conventional therapics have failed.
In the context of advances in the understanding of how tolerance, immunity and immunosuppression regulate
antitumour immunc responses logether with the advent of targeted therapics, these successes sugpest that active
immunotherapy represents a path 1o oblain a durable and long-lasting response in cancer patienis.
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Introduction

Hepatitis B vamie {HBY ) infech on fepresenls a magor pisbhe health problesm. affecthing fiote than 400 millish peajle worldwide.
Sabstantial evidence exiss to imdicate that host innede and adaptive immune responses play a crociad ole m contralling HBV
replication im vive [1-3]. The carrently available therapeutic drugs for patients with chronic hepatitis B virue infection (CHB)
iclude tnteflfeton-al pha{lFN-a)-based therapy sl neclecside of micleotide analogs. Unforiumately, [FM-a-lased tfeatment is
efective in only 3¥s of caver and ofiten hae senows mide effects [4.5). Necleomide analogs, such ws lnmivadine, ndefovir ipivoxil,
and entecavie, are capable of inhibiting HBY replication and smproving liver hidology. However, their efficacy 1s limited by viral
reactivation on disconbinsation of trewtment. In the case of prolosged dreg treatment, formation of viral epatope mutanis leads to
pvandance of antivirad mmunity or development of mutont drog resistance [6-E]. [n addinon, theee nucleoside anol ogs are wirostatic
mther than vireeidal amid, therefore, are mcapable of suppresmmg the cocDNA of the virus witlkin the hepatocyies

Animal and clinical studies have demonstrated that transfer of HBV-immune memory T cells from an immune donor through
bone marrow transplantation (BMT) or transfer of peripheral blood lymphocytes (PBLs) can induce serological clearance of the
hepatitis B surface antigen (HBsAg) and lead to seroconversion in patients with CHB [9—-11]. However, allogeneic BMT treatment is
not a practical therapeutic option for CHB patients, considering its cost and the risks of potentially serious complications[12,13].
Therapeutic vaccines, including an HBV antigen-pulsed DC vaccine and an HBsAg—HBIG complex vaccine, have also been reported
to combat immune tolerance and elicit an antiviral CTL response in HBV transgenic mice[14,15]. Some of these vaccines were
previously administered in clinical trials for the treatment of hepatitis B [15-17]. However, administration of the HBsAg/AS02
candidate vaccine in combination with lamivudine showed the same efficacy as lamivudine monotherapy in CHB patients [18]. In
addition, it was recently reported that transfer of autologous immune cells activated by multiple factors (anti-CD3 monoclonal
antibody, interleukin-2 and interferon-y) inhibited viral replication in CHB patients [19]. Hence, the real efficacy and indications of
such an intervention need to be further investigated in a larger sample of individuals with CHB.

Cytokine-induced killer (CIK) cells comprise heterogeneous cell populations including a major effector cell population
expressing both the T-cell and NK cell markers (CD3+CDS56+). CIK cells can lyse target cells in a non-major histocompatibility
(MHC)-restricted manner [20,21]. We previously showed that autologous transfusion of CIK cells can suppress HBV replication in
patients with HBV-associated hepatocellular carcinoma (HCC) [22,23]. However, clinical trials have never been conducted with
CIK cells in non-cancerous patients, such as individuals with CHB.

The initial aims of this study were to prepare and characterize the CIK cells from CHB patients. Subsequently, we conducted a
safety and efficacy trial with autologous CIK cell transfusion in CHB patients, particularly those who had developed drug resistance.

Patients and methods

Patients and study design

Atotal of 21 CHB patients were enrolled in this clinical trial (Table 1). All patients fulfilled the entry criteria of this trial, and the
study was approved by the institutional review board. All patients were >16 years old and had been positive for HBsAg, hepatitis Be
antigen (HBeAg), and HBV DNA for more than 6 months. The diagnosis of CHB was further confirmed by liver histology. Of these
patients, 6 had previously received antiviral treatment and had developed drug resistance leading to discontinuation of antiviral
therapy>16 months before enrollment for CIK cell treatment. The HBV DNA load (median,6.58 loglOcopies/mL; range,5.08-8.79
log10 copies/mL) and serum ALT levels (median,57 U/L;range, 12-214 U/L) in these patients were maintained at a relatively stable
level for at least 6 months before CIK cell treatment. We excluded (1) patients having HCC, autoimmune hepatitis, hepatitis C,
hepatitis D,human immunodeficiency virus co-infection, or other serious con-current illnesses; (2) those who had received
treatment with immunomodulatory or chronic antiviral therapy within the last 6 months; and (3) pregnant women. All patients were
of the HLA genotype HLA-A2+. Written consent was obtained from each participant.

Table 1 HBassline characteristics of CHE patients with CIK sl transfusion.
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Generation of CIK cell

The CIK cells were generated by the procedure described in our previous report [23]. Briefly, leukapheresis using a blood cell
separator (Spectra v 6.1; Cobe, Denver, CO) was conducted in order to obtain peripheral blood mononuclear cells (PBMCs). The PBMCs
thus obtained were incubated at a concentration of 2x106/mL in fresh serum-free AIM-V medium (Invitrogen/Gibco, Carlsbad, CA)
containing 2000 U/mL of recombinant human gamma interferon (IFN-y) (Read United Pharmaceutical Co., Beijing, China) in a Lifecell
tissue culture flask (Nexell Therapeutics Inc., Arkansas) at 37 °C in a humidified atmosphere of 5% CO2. After incubation for 24 h, anti-
CD3 antibody (Center of Immunology Research, Havana, Cuba) and recombinant human interleukin (IL)-2 (Read United Cross
Pharmaceutical Co.) were added to the medium at a final concentration of 50 ng/mL and 1000 U/mL, respectively. Fresh AIM-V medium
containing IL-2 was replenished after every 2d.CIK cell proliferation, phenotype, and function were analyzed on days 0, 7, 10, 12, and 14

(Fig. 1).
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Analysis of CIK cell subpopulations

In witro imcubaied cells were collected and stained wiih
anti-CD3-FITC, and anti-CD4-, anti-CD8-, anti-CD19-,and
anti-CD56-PE (eBioscience, San Diego, CA) for 30 min at 4 °C.
The cells were then fixed and analyzed using FACSCalibur and
CellQuest software (Becton Dickinson, San Jose, CA).

Analysis of programmed
death 1 expression on CIK cells

To determine programmed death 1(PD-1) expression, the
cells were stained with anti-CD3-PerCP, anti-CD8-PE, anti-
CD56-APC, and anti-PD-1-FITC or with isotype-matched
control antibodies (eBioscience) for 30 min and were analyzed
by flow cytometry as described in our previous report [24].

Analysis of IFN-y-producing CIK cells

For the analysis of intracellular IFN-y production, the cells
were stimulated with phorbol 12-myristate 13-acetate (PMA)
(50 ng/mL) and monensin (1 pg/mL) for 4 h in the presence of
Golgistop agent (10 pg/mL) (eBioscience) followed by washing

nnid stainimg with antibedses to surface markers (anti-CD3-
PerCP. anti-CDS-PE. and anti-CD36-APC) Aler cells were
permeabilized and fixed using Cytofix/Cytoperm (BD
Biosciences) according to the manufacturer's instructions, anti-
IFN-y-FITC or isotope-matched control antibodies were added
for 30 min followed by flow cytometric analysis.

Analysis of HBV epitope-specific
tetramer-positive CD8+ T cells

The HBV-specific CD8+ T cells were analyzed using
epitope-specific tetramers. We commercially obtained 3
tetrameric peptide-MHC complexes of the HLA-A0201 allele
(Pro Immune, Oxford, UK). In this study, the amino acid
sequences of the epitope peptides comprised (1) core amino
acids 18-27 FLPSDFFPSI,(2) envelope amino acids 183-191
FLLTRILTI, and (3) polymerase amino acids 575-583
FLLSLGIHL. These epitopes are within the indicated regions of
the genotype C of the HBYV strain, which is highly prevalent in
northern China.

Analysis of degranulation of the CIK cells

CD107a mobilization assay was employed for measuring
the degranulation of cells. The cells were stimulated with PMA
(50ng/mL), Golgistop agent (10pg/mL), and with anti-CD107a-
FITC or isotope-matched control antibodies for 5 h followed by
staining with anti-CD3-PerCP, anti-CDS8-PE, and anti-CD56-
APC for 20 min and flow cytometric analysis.

Study design for administration of
CIK cells

The CIK cells were retrieved on days 10, 12, and 14 after
commencement of the culture and were administered
intravenously to the patients at these 3 time points. Briefly, one
half of the incubated CIK cells was harvested by centrifugation
and washed twice in physiological saline solution (containing
0.5% human albumin and 100 U/mL of IL-2). Approximately
35x109 cells were resuspended in 400-500mL of the same
solution and were intravenounsly transfused hack into the CHR
patientw. All patients were followed with rontine exominntions
and lalsoratory tesis ol oatpatient chme vieits for 48 weeks afler
the last CIK cell transfosion. Virelogical amd biochemical
paramn_-lrr- |||‘||| .'|||.'|-r.|'|.|,' t'n.l_'p,'ll WElc :rl,'nrll.ﬁl |||,!'I|-ld|-“|H._l| LE: 14
weeks 4, .12, 14, 36, and 48 post-treatment, an shown im Fig
1). A patient was conmdered 1o be o vicologreal respomder il he
was either HEV DNA seronegative or showed l-log decrense in
serumy HAY DNA load, end o pattent wag considered o be a
biochemical responder iT hig serum alanine amimctransferase
(ALT} level normalized withan & momths after commencement of
CIK cell trestment, Patients who did not folfill the above
requirements were congpdered to be virologreal and hischemical
IlOIl—I‘-l_'l.|I.'\II|.||r|l SemiE  creatining ﬁ||.|| EEC m,lll. ||,"I. l,':ll Wl
assayad ol baseline and therealter, dunng the follow-op penod
for momitoring renal  function. The criterion for maltiple
transfizsmons to putients i@ dependent on the viral load ingrease
for mate than sne-log cotmpared with that of the list Fellow-ip
visit mt least |12-weeks prior. No forther antiviral oo
immupogegulation therapy was adminetered dunng the follow-
up pernil

Measurement of serum virolgical markers,
HBV DNA levels, and biochemical profiles

Serum HBV DNA was determined by using the ABI Prism
7900HT Sequence Detection System (ABI, Foster City, CA) and
validated real-time polymerase chain reaction (PCR) kits with a
detection limit of 500 copies/mL (PG Biotech, Shen Zhen City,
China) as described in a previous report. Serum HBsAg/anti-
HBs and HBeAg/anti-HBe were measured by using ELISA kits
(Radim; Pomezia RM, Italy).

Statistical analyses

The data were summarized as the median, mean, standard
deviation, and range as applicable and were analyzed using
SPSS software. The Wilcoxon matched-pairs t-test was used to
compare data from the same individuals. The non-parametric
chi-square test was used to compare the virological response
rate between 2 groups. Spearman correlation analysis was
performed between 2 parameters. For all tests, P< 0.05 was
considered statistically significant.

Results

General features of CIK cells in vitro

The CIK cells comprising a heterogeneous population of
CD3'CD8" and CD3'CD56" cells increased significantly after
incubation for 14 d (Fig. 2A). During culture with the cytokine
cocktail, the number of CIK cells increased(15.2-fold and 16.8-
fold for CD3'CD8" and CD3'CD56" cells, respectively)(Fig.
2B).

The frequencies of IFN-y-producing CD3'CD56" cells
significantly increased on days 10, 12, and 14 as compared to
those on days 0 and 7. The frequencies of IFN-y-producing
CD3'CD8" cells stably increased on days 10, 12,and 14
(Figs.3A-C), and the frequencies of CD107a-expressing
CD3'CD56" and CD3'CD8’ cells were also up-regulated on days
10, 12, and 14 (Figs.3D and E). In this culture system, PD-1
expression on CD3°CD56" cells peaked on day 7 and
subsequently decressed to a lower level on days 12 and 14. In
comtrasl, PI-1 expression on CDE T cells obviomsly decreased
wnd ottoiped o lower level on days 10,12, and 14 (Fig 3F).
Althosgh CDE" HBY-speafic telramer-positive cells were not
detected among the CLK cells (data not shown), our findings
imdicate that the ClK cells would be saitable for autalogous
trans fuxion after i vilee meubation for 10, 12, and 14 4

Safety of CIK cell transfusion in vivo

Since wafety i 8 mojor concern regarding adoptive
1:I|r||1||:.|'\-1|||.'r:l||!. far CHBR Llﬂliﬂwl_ we moenitored seram total
pratein, albumin, une acil, creatinine, lactate dehydrogenase,
and alkaline phorphatoee lovels before and after C1K cell
trmnsfusmon and found that all parmmeters were withim their
reepective mormal ranges. Approximately B35.7% of patients
deviloped a sell-limiting fever (body temperamare, 37-40°C)
within 2-6 h afler CIK cell ranslTusion. Headache and arthmlgia
were noted in I patienis each, and imsommin ond ashemia in 1
pattemt cach All poattenis feeovenod withm 36 & willioul any
additiomal special reatment. In addition, no senous chnical
sdverse effects were observed, Therelore, we demomsirated that
aniclogous ClK ¢ell ransfasicns were sale amd toleraited in
CHB patients.
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CIK cell transfusion suppresses
HBV replication

Durng the & months before CIK cell treatment, ouf
patients had stable serum HBY DNA load and ALT levels. Alter
CIK cell irsnefopon, the serum ALY levels and HBY DN A loads
decreased (Fig  AA) While the tetal virclogical responee raie
wis I¥ 8%, it wor % and 57.1%., im patients with o barchine
serum ALT of < 40 LVL and =40 U/L, respectively (= 0.05)
Moreoves, 4 patients who  were Biochemical respomders witk a
baseline serum ALT level of > 40 U/L were all virological
responders, and 50% of them developed antiviral drug
resistance before CIK cell treatment. Our results indicated that

Al UL, the secomd ClK cell transfission was administered, and
the patient subaequently exhibited a dectease in the viral load,
ond @ similar effect was found after the thasd CIK cell
transferion, Patient 17 alec had o boaseline serum ALT level of >
i UL and was remstant (o lamivudine therapy. He received
CIE cell treatment I iemes af anoanteryval of 24 weeks, which was
fallowed by n reduction in the HBY DNA load that persisted
stably for approximately 40 weoks. Patient 21 reseived CIK cell
treatment only once, his basehne serum ALT level was > 40
U/L, and he also exhibited a similar trend in the decrease in the
ALT level and the viral load during the 48-week follow-up.
Moreover, we found that all patients with HBeAg loss or
seroconversion after CIK cell treatment had a baseline serum

Counts
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better virological and biochemical responses were more ALT level of > 40 U/L. The rate of HBeAg loss gradually
frequently encountered in patients with a baseline serum ALT reached 33.3% by the end of the follow-up period. The rate of
level of >40 U/L than in those with a baseline serum ALT level HBeAg seroconversion peaked at 14.3% at 12, 32, and 36 weeks E F
o o 5o . g > = ] el =~
0f$ 40 U/L, even in the settu?g ofdeveloplr.lent of antiviral drug and then decreased to 9.5% at the end of the follow-up period [ :.-”: caTciw
resistance. For example, patient 14 (baseline serum ALT level (Fig.4C). Furthermore, we found that the average number of | 344
>40 U/L) developed drug resistance to lamivudine and received + + g g g g 1
CD3 CD56 cells in patients with HBeAg seroconversion &
CIK cell transfusions 3 times at successive intervals of 24 and 3.5441.72x10° p ificantly high thg that i tient & | E 16
22 weeks. The decreased serum ALT level and HBV DNA load 3. ) ) was significantly higher than that in patients T Vi "*\\ E N — it ,
ot d‘f N o i T (b | —— with non-HBeAg seroconversion (1.76+0.93x10%) (P=0.0169). 5 o . 134 L = "'x_k
persisted tor weeks swmce the fast autologous ce Therefore, the HBeAg seroconversion correlated with the & | A R . 1 e \'\, LT |
transfusion and was followed by HBeAg seroconversion ; . o —— E B4 L~ L
HBeAe—/anti-HBe+)(Fie 4B). Pati 5 (baseli ALT number of transfused CIK cells. The above results indicate that e | W oOR
(HBeAg~/anti-HBe+)(Fig 4B). Patient 5 (baseline serum HBV replication was efficiently suppressed by CIK cell i ! 4 , | .
level < 40 U/L) received CIK cell treatment 3 times at ) . . . . 14 — ! -
ive int Is of 12 and 16 ks. After the first CIK cell treatment, particularly in patients with a baseline serum ALT | == | .
e S e ce level of >40 U/L, even in the setting of antiviral drug resistance. ol g, [SPNPPPRRP R ./ oo . T4
transfusion, no significant changes were detected in the serum ¥ 2 4 5 10 17 14 ﬂ 5 a4 I- i_ 1'“ _1'= 14
ALT level and HBV DNA load. When serum ALT increased to> Days Days



Figure 3

Analysis of IFN-y-producing and CD107a-expressing CD3'CD56 and CD3 CD8 cells in the incubation phase. The figure
represents the results of IFN-y-producing cells in a representative patient during the incubation period. (A) The IFN-y-
producing CD+CD56and CD3 CD8 cells were detected by intracellular cytokine staining. (B) During incubation, the
percentage of IFN-y-producing CD3'CD56 cells was significantly up-regulated on days 10, 12, and 14 as compared to days 0
and 7. (C) The percentage of IFN-y-producing CD3'CDS8 cells showed an increasing trend on culture days 10, 12, and 14. (D)
Flow cytometric figures represent thepercentage of positive CD107a-expressing CD3'CD56'and CD3'CDS8'T cells in a
representative patient. (E) The curves represent CD107a expression on CD3'CD56 andCD3 CD8 cells during the 14-d
incubation period. (F) The curves represent PD-1 expression onCD3'CD56 and CD3'CD8 cells during the 14-d incubation
period and indicate that PD-1 expression on CD3'CD56 andCD3'CD8 cells had decreased on days 10, 12, and 14 of the

incubation period.

Peripheral CD3°'CD56'and CD3°'CD8"
cells increased in virological responders

The number of CD3+CDS56+ cells transfused back to the
patients was much higher in virological responders than in
virological non-responders(P=0.0152) (Fig.5A), although
CD3+CD8+ cells did not show this trend. In contrast, there was
no significant difference between the number of CD3+CD56+
and CD3+CD8+ cells obtained by leukapheresis before CIK cell
generation, Al the same tme, we also foumd no significant
difTeremce m the mumbens of other cells (eg COY+CDd+and
CDA=CDEHCOI6Y) before CIK cell generntion (sl mod
ghown) The propomion of CDIHCDS6Hcells in the Blood of all
patients imcreaved significantly daring the first 4 weeks aiter
CIK cell ireaiment; however.ihat of the COY&CDE cells
increased mgni ficanidy only duwring the first 2 weeks after C1K
cell treatmend (data ot shown)In virelogical rerpanders, the
propartion of CRECD5S*cells significanily ncreased ot week
2 P=0020%) 4 (P-000142) 8 (P<0,00%, and 12 (P=0.0417), snd
CO3+CDEHcells mpnificanily imereased af week I (P=0.0I62),
i (F<0.01), ond 8B (FP=0.0125) of Tollow- up,
redpectively(Fig 2B} However, in viralogleal mon-responders,
only the proporton of COYCRS564 cells incressed sigmificantly
daring the firet I weeks of the follow-up period
(F=0.0121)while that of CD3IFCODE+oells did mot show any
tngrensed Fig 5C3 CD10Ta-expression on e COMCD5Grcells
wis flee mgnificantly wp-regulated in the vurol ogical respondems
dumng the fiiet B weeks of ihe :I'._:II..:m-ul,- pernod {P=0,0290%, bii
only up-regulated dunng the tnihal 2 wteekr i virolsgical non-
responders récaving the CIK transfiesion. s addition. CD 07a-
apression on OO F+CD8+cells was also up-regulated in
virelogical non-teiponders dunng 2 weeke of the follow-up
period (Figs. 5D and E).After 12 weeks, the proportions of
CD3+CD56+ and CD3+CD8+ cells and their CD107a
expression were similar to the respective baseline values (data
not shown).

Discussion

Strong polyclonal and multi-specific antiviral CD4+-and
CD8+-T-cell responses with a type 1 profile of cytokine
production play an important role in viral clearance in patients
with self-limiting acute hepatitis B and C [25-28]. However,
these cellular immune responses are generally weak or even
undetectable in patients with chronic HBV or hepatitis C virus
(HCV)infection, possibly due to viral replication and
persistence[29-32]. The host immune response, including the
lack of the CD8+ CTLs that control HBV replication, is
significantly suppressed in CHB patients; however, it recovers
in a few CHB patients who have been treated with presently

available antiviral agents. The suppression of antiviral immune
responses in patients with chronic hepatitis B or C infection
may, at least in part, be due to the increase in the number of
CD4+CD25+regulatory T cells[33,34] which result in impaired
CD8+T-cell function[35,36].Correspondingly, the induction of
HBV-specific adaptive immune responses has been shown to
have limited clinical efficacy in CHB patients. While more
clinical trials are required to optimize HBV-specific adaptive
immune fesponees, o new therapeutic modality that activates
howrt immanity i# presenily being weed in patients wath CHB.

A controlled design s imporiant to examine the efficacy of
CIK cell treatment. [n thas  stedy, i was an ethieal problem to
enrell CHE patienis im o stedy whoe had aboormal serum ALT
levels amd high HBY DNA loads without use of antiviral drug
therapy for | yeas. Therelone, we rvaluated the antivaral efficacy
of CIEK cell treatment by conductling compansoms with the
prementment stntue, [n the enrolled patients, the HBY DNA load
was #lably maintained for & moaths befare Clk ¢ell treatment.
Thetelore, we could attribine any observed decteare in the HBV
O%A load after CIK cell trans fusiens go ihe amtiviral function of
the treatment. In this study, we prepared the achvated forms of
immunseytes, i.e, CIk cells, and showel that adepeve transfer
of Clk oells 18 sale and capable of controlling HBY replication
and nll eviating liver damage in paiients with the immune
clearance stafne of CHE The HBV.specific T cells were
undetectable in CIK cells, supgesting that the anti-EBV role of
the CIK cell transfuseem w not hikely to depend on visal specific
ChDE* T cells. CIK cells may exert m direct ¢ytofoxic effect
thromgh the exocytosis of granmles contnining perforin and
graneyme AJB, which 1 not dependent on the MHC-restricted
mechamsm. Moreover, these cells have an mdirect cytotoxic
effect through the secretion of IFN-y and tumor necrosis
factor alpha (TNF-a ) to suppress HBV replication. The
functional capacity of CIK cells may be related to the expansion
and functional improvement of major effector cells,
CD3+CD56+ cells, which comprise only approximately 15% of
the peripheral blood [37]; however, culture with the cytokine
cocktail resulted in a 10-100-fold increase in the number of
these cells. In our study, the number of CD3+CDS56+ cells
transfused back to the patients was much higher in virological
responders than virological non-responders. However, the
numbers of other cells, such as CD3+CD8+, CD3+CD4+, and
CD3-CD56+/CD16+ (NK) cells did not show this trend. We also
found that virological responders who received the transfusion
of CIK cells exhibited an elevated proportion of CD3+CD56+
and CD3+CD8+cells in peripheral blood,which may be
associated with the boosting of anti-HBV response in these
patients.

To our knowledge, this is one of the first studies on the use
of CIK cells in nonmalignant patients, although, we and others
have reported the efficacy of these cells in HCC patients
[23,38]. Accordingly, the main concern was the safety of CIK
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Figure 4

Biochemical and virological responses after autologous CIK cell treatment. (A) The biochemical and virological
responses of all patients in the follow-up period after CIK cell treatment. (B) The biochemical and virological responses in
the enrolled patients 14, 5, 17, and 21. Patient 14 (baseline serum ALT level, >40 U/L) was subjected to CIK cell treatment 3
times; patient 5 (baseline serum ALT level, <40 U/L) was subjected to CIK cell treatment 3 times; patient 17 (baseline serum
ALT level, >40 U/L) was subjected to CIK cell treatment 2 times; and patient 21 (baseline serum ALT level, >40 U/L) was
subjected to CIK cell treatment only once. (C) The rates of HBeAg loss or HBeAg—/anti-HBe+seroconversion in total
patients during the follow-up period. The findings indicate that CIK cell treatment is more suitable for CHB patients having
baseline serum ALT levels of >40 U/L than those with <40 U/L.



cells in CHB patients. We observed that administration of the
CIK cells caused reduced replication of HBV and transient ALT
elevation in some patients. Moreover, we did not observe any
serious adverse effects in any of the patients. CIK cell therapy
appears to be a more beneficial therapeutic option for patients
with baseline serum ALT levels of >40 IU/L. This was true for
patients who had developed antiviral drug resistance. All
patients who were biochemical responders were also virological
responders.All patients with HBeAg loss or those who showed
seroconversion had baseline serum ALT levels of >40 U/L. Our
data suggest that CIK cell treatment was suitable for patients
with baseline serum ALT levels of >40 U/L,which occurs during
an immune active phase. Therefore,the efficacy of CIK cell
treatment for CHB patients may be dependent on the host
immune status, These findings provide pertinent information for
selection of an optimal Il|trr||1-t|_|1|¢ strategy foo patients with the
digease in the fuinre

It ip well Emown that CDI07e serves as o functionad marker
of eytotoxic cells that release their granule compoments, whach
incluide masnly perforin, grenzyme A, and granryme B, through
ther degradation [39]. In this study, we found that CDIOTa
expreseion wase ap-regelated on COI+CD5S6+ and
COA+CDE+eelle on daye 10, 12, and 14, which favors  ihe
enhancement of their evtolyhe activity againel the target cells
In addition, we fomnd that the percentage of [FN- Y -prodecing
CO3+CD56+ cells was much higher on culture days 10,12, and
14. FD= ) serves 28 an inkibitory molecale. s up-regulation can
mesiafe virne- spealic COD8% T-cell exhansbion, whereas
blackade of the PD-1/FD-L1 pathway can, af leasi in part,
restore vims-spealic COB+T-cell fanction and seduse the virl

Figure S

burden[40,41]. Our previous findings suggested that PD-1
ligand (B7-H1) up-regulation on myeloid dendritic cells
significantly suppressed T-cell function in CHB patients [42].
Interestingly, in this study, PD-1 was stably down-regulated on
the CIK cells, which may, in part, explain the enhanced function
of the CIK cells[43-45].The above findings suggest that CIK
cell transfusion on culture days 10, 12, and 14 will favor their
cytotoxic function against HBV. The proportions and function of
CD3+CD56+and CD3+CD8+cells in the peripheral blood of the
virological responders improved, which, to some extent, may
explain why CIK cell treatment was more effective in these
patients.

In conclusion, CIK cells can effectively be generated from
CHB patients, and administration of autologous CIK cells is not
only safe ond tolersted but wlso efficacions for some patients
willh active hepatitis B, even if antiviral dmug resistance has
developed, This prolocoe]l represemis an aliernative immune
therapewhc strategy for the disease. Further stmdies a1 the use of
this approach are warmasted in fhe search of betier therapeutic
modalities for chronic HAY infection
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Alteration in the percentages of CD3+CD56+ and CD3+CD8+cells in the peripheral blood after CIK cell
treatment. (A) The quantity of CD3+CD56+and CD3+CD8+cells transfused back into the patients who
were virological responders and non-responders.(B) The percentages of CD3+CD56+and CD3+CD8+cells
in the peripheral blood of the virological responders increased significantly in the first 12 and 8 weeks,

respectively, after CIK cell transfusion. (C) In the peripheral blood of the virological non-responders,the
percentage of CD3+CDS56+cells rather than that of CD3+CD8+cells increased significantly during the first
2 weeks after CIK cell transfusion. (D) CD107a expression on the CD3+CD56+cells in the peripheral blood
of the virological responders was significantly up-regulated after CIK cell transfusion. (E) The percentage
of CD107a-expressing CD3+CD56+and CD3+CD8+cells in the peripheralblood of the virological non-
responders increased significantly only within the first 2 weeks after CIK cell transfusion.
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Introduction

Throwgh ot the world, hepstocellular carcinomn (HCCjiis
the fifth most common cancer and the third lesdimg cause of
camcer death |1.2). HOC 1 partculerly prevalent in Chima
becamse of the high infection rate of hepalitie B, Mean while, 1ts
incidence is also increasing in the Western world [3]. Despite
remarkable improvements in therapeutic procedures of HCC in
the past decades, liver resection and liver transplantation are
still considered as the potentially curative treatments for HCC.
Due to the limitations of liver transplantation (graft
availability, selection criteria, and cost), a large number of
HCC patients in China were treated with liver resection.
However, postoperative recurrence is frequently observed.
Therefore, the prevention of recurrence constitutes one of the
most challenging issues in improving the efficacy of surgery.
As is well known, HCC is resistant to conventional
chemotherapy, and is rarely amenable to radiotherapy [4]. We
hypothesized that adjuvant immunotherapy might benefit
patients who underwent resection of HCC. Cytokine-induced
killer (CIK) cells are a unique population of cytotoxic T
lymphocytes (CTL). They are non-MHC-restricted and are
generated by incubation of peripheral blood lymphocytes with
anti-CD3 monoclonal antibody, IL-2, IL-1 and interferon
gamma (IFN-y) [5]. CIK cells represent strong anti-tumor

cylotoxioitty in vitro amd 1 vivo [6] These cells have
demonstrated hagher proliferntive apd oytelytic activities in
compatison with the lymphokine activated kller <ells (LAK
gelle) thet mre szentially achvated matural killer §NK) cells.
.-'l.w.n.u"[lllll.g]'_'.'_ we conducted a mndemized controlled trial to
evaluaie the efficacy of adjuvani immunotherapy with CIK cells
after ruidical resection of HOC

Materials and methods

2.1. Patients

According to the selection criteria (Table 1), 127HCC patients
who underwent curative hepatic resection in Cancer Hospital of
Tianjin Medical University between January 2000 and January
2002 were enrolled in this trial. The nature of this study was fully
explained to these patients, and informed consent was obtained
from all of them. The study protocol conformed to the principles
of Declaration of Helsinki (1983) and was approved by Tianjin
Anti-Cancer Association.

2.2. Study design

The aim of this trial was to evaluate the clinical effect of two
different courses of adjuvant CIK cells immunotherapy after
radical resection for HCC. These 127 eligible patients were
randomly assigned into 3 groups. Random drawing of lots and a

Patient selection criteria

Inclusion criteria

Table 1

Exclusion criteria

Solitary tumor

No preoperative transfusion

HCC confirmed by pathology
Resection margin >1 cm

No tumor fracture and hemorrhage
No tumor distant metastases

Refused to participate

History of previous treatment
Alcohol abuse after operation

Suffer other malignant tumors and/or
immunosuppressive diseases

Hypersusceptibility and/or adverse effect

single-blind method were employed. Posoperative CIK
immunotherapy was administered for 3 courses in 41 patients
(CIK-I group) and 6 courses in 43 patients (CIK-II group). The
other 43 patients didn't receive any post-operative adjuvant
therapy (the control group). Among the three groups, no
statistical significance was found in patients' age, gender, @ -

fetopr.- iein (AFT level, HEBaA i, tamwod giee, h 10 -Pegh stage,
tumor dilfetemtintron, liver circhens, portal hypertension,
vascular myvarmon, Maood loss, and time of liver tschemin (Talle
2).

2.3. Surgicad procedures

All surgenes were performed by the same groop of doctors,
with resection margan =1 &ii. Prngle's manoeuvie was ueed to
contral bileeding

2.4. CIK eellx preparation aind thdrapeu e régimem

CIK cells wete prepaned according 1o Schmidi-Waolf ot al's [6)
descripucn E!-rll.'J'I}. linf am vivio Breatmend, patients’ poripheral
blood mononuclear cells (PEBMTs) were collected by CS-3000
Plus bBlaod eell separator. For in vitra test, CIK cells wore

prepared by leell separation. The cells were incubated mm Chi,
and whiFs-§F {1000 Uiml) war added om d 0. Adter 24 h of
incubaticn, maonackonal amti-body (mAb) agninst CDY (S0

g/L), rhll=1 ar{ 100 L1 and ehlL=3 ¢ 1000 U 'm L) were sdded
Cell demmity was abowt I [0 mL ", Fresh CM with 1L-2 was
used to replsce the old CM every 3 days. Cell phenotypes were
identified by FCMl omd 0. 7, 14, amd 35, Cylabaxicibes fo target
were determimed after d 14, All of the above procedares were
performed in the immunology laboratory of Cancer Hospital of
Tianjin Medical University. CIK Cells were initially transfused
back to the patients of CIK-I group and CIK-II group four
weeks after operation. With an interval of 2 weeks, CIK-I group
received three courses of treatment and CIK-II group received
six courses of treatment. The number of CIK cells transfused
back to patients ranged from1.0 X 10" t02.0 X 10"per course.
2.5. Follow-up method

All patients were followed up at the outpatient clinic every
month from the date of initial treatment up to January 2007, or
up to the time of death. Abdominal and pelvic ultrasonography
and chest X-ray were the routine examinations. When
recurrence/metastasis was suspected, further evaluations were
made by abdominal CT scan and, if necessary, by ultrasound-
guided biopsy to confirm the diagnosis.

2.6. Statisticalanalysis
The overall survival and disease-free survival rate were
calculated by Life Table. The KaplanMeier method was used to

plot the estimated survival curves and disease-free survival
curves. We used log-rank test to identify the association factors
of disease-free survival rate. These factors then underwent
multivariate analysis by Cox's proportional hazards model. A P—
value < 0.05 was considered statistically significant. Data were
analyzed by SPSS Version 13.0 for Windows.

Results

I L Kide &ffecty

[e to side effects, three patents in CIK=1 gromp and two
patients i CIE-11 growp failed 1o falfil the C1K immunotherapy.
Persustent febnlity was the only side effect observed inthemboove
five patienis, HOWEVET, il [emiperatare o Tall ithese pateEis was
lower than 343 'C. Dunng the 3-7 years" follow-up, no long-
dated mde effects hod been observed m all patents of the CIK-I
anid CTE-11 groups

I 1 Fellew-up reswits

Im CIK-I group, 27 patsents miTered HOC recurremce, ¥ patients
mlMered HOO metastasis, 3 paticnie suflered HOO revufrence
amd rielas tasis, und 29 patients died (1 patient died of pulmanary
arfery embolism, ¢ patients died of esophogeal weins
hemorrhage, end 22 patients died of sdvasced HOC). While in
CIK-11 growp, 30 patients had HOC recurmence,d patiente had
HOC metastasis, | pattent had HOC recurrence and metasgasis,
and 31 patients died (1 patient died of myocardial infarction, 2
patients died of pulmonary artery embolism, 5 patients died of
esophageal veins hemorrhage,and 23 patients died of advanced
HCC). In the control group,30 patients suffered HCC recurrence,
7 patients suffered HCC metastasis, 3 patients suffered HCC
recurrence and metastasis, and 32 patients died (1 patient died of
cerebral infarction,2 patients died of pulmonary artery
embolism, 6 patients died of esophageal veins hemorrhage, and
23 patients died of advanced HCC).

3.3. Survival rate and disease-free survival rate

The 1-, 3- and 5-year disease-free survival rates were83.1%,
31.7% and 23.3% in CIK-I group; 84.7%, 30.5%, and 19.4% in
CIK-II group; and 82.6%, 20.9% and 11.2% in the control group,
respectively. The KaplanMeier method was used to estimate the
disease-free survival rates in the 3 groups.



Table 2
Clinical and pathological features of the 127 patients

Characteristics CIK-I group CIK-II group Control group X P-Value
Gender

ﬁﬁ;e ?(1, ?f 34 0.278 0. 870
Age

2 2 5 e o
HBsAg

izzgfe 32 ?3 ?; 0. 450 0. 798
Liver cirrhosis

;ZS :7"4 34 ?8 0.501 0.778
Child-Pugh classification

H:ﬂ:}-m i o G 2 0. 261 C. 878
{F_i:rhl hypertersion i y 4

1.::‘ 17 TE 16 Q. jed [£.923
Tumar size

:.'-‘:nl i: H §1 0. 474 . 789
AFP

Hegikre » . 3 o180 cou
Vascular invasion

:’: é-; ij i; 1. 335 £.508
Tumor differentiation

Well differentinfed 8 16 &

Mosderately differanizated 1% 0 19 0. 335 . 987
Poorty differentinted 14 11 15

Blood loss

>

o s 1 3 L G5
Time of liver ischemia

f§8 22 55 ;g ﬁ 0. 134 0.935

The log-rank test showed significantly higher disease-free survival rates in CIK-I group (P=0.001) and CIK-II group (P =0.004) than
in the control group, but no statistical significance was found between CIK-I group and CIK-II group (P= 0.345) (Fig. 1). Through
univariate analysis, 7 of the 13 variables were identified as association factors of disease-free survival rate (P < 0.05, Table 3).
Multivariate analysis of the 7 showed that treatment modalities (different courses of CIK cell therapy), liver cirrhosis, tumor size, tumor
differentiation and vascular invasion were significant factors influencing the disease-free survival of HCC patients (P < 0.05, Table 4).
The 1-, 3- and 5-year overall survival rates were 87.3%, 66.7% and 37.9% in CIK-I group; 86.7%, 63.8% and 38.1% in CIK- II group; and
87.1%, 65.2% and 36.9% in the control group, respectively. There was no statistical significance among the three groups (P=0.884, Fig.
2). Despite no significant differences in the factor of liver cirrhosis among the three groups, we still performed a separate analysis for
cirrhotic patients alone in order to prevent bias. The results suggested no statistical significance in survival rate among the three groups.
However, the disease-free survival rates of CIK-I and CIK-II groups were higher than that of the control group. No statistical
significance was detected in disease-free survival rate between CIK-I group and CIK-II group.

TN groee
i O g

e L gromg-cersoren Fig. 1.

Disease-free survival curves of the
three groups. KaplanMeier was
employed to estimate the disease-free
survival rates of the three groups. Log-
rank test shows a significantly higher
rates in the CIK-I group (P = 0.001) and
the CIK-II group (P = 0.004) than in the
control group. No statistical significance
was found between the CIK-I group and
the CIK-II group (P =0.345).
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Discussion

In spite of the great improvement in hepabc opemtion techmique and early disgnome of HOC, the prognons of HOC 1@ still poor
because aof a high incidence of postoperative pecurrence nnd metasing s, A fler curative resection or transplastation, tumor recurrencerate
can be a# high ar 25% per year | 7] Although some cembers have reporied excellent long-term resulls, suraval aller hepatic resechen or
transplamtation 15 as low as 50% ot ¥ years and 20-30% o 5 years |8,9]. Systemic and regional chemotherapy or chemoembolization have
been largely demonstrated of little benefit for patient servival in madomized trials [10,01]. Thus, maay other adjevant thewapies bave
been employed ta lower HOC securtence tale and improve long-term survival mie. Some of these modalitien have exbibited promising

benefits in indiwvidusl triale. For example, interferon therapy appears to decrease recumence rate after resection of hepatitie C virs or
hepatitits B vams-related HOT i some randomized confrolled imals [12,013]. Some relrospective #indies oand that pre- and
postoperutive ndjuvant TACE conld prolomg the swrvival of patients with nsk foctors and improve disease-free sarvival after
hepatectomy [ 14,13]. Ciber adjevant modalition, sk o oral acvelke petinoid acid [16] amd intra-arterial radiciodine therapy [17], have

also presented with some promises in the ireatment of HOC

Table 4
Factors influencing disease-free survival rate
identified by multivariate analysis

Table 3
Factors associated with disease-free survival rate
identified by univariate analysis

Factors X’ P-Value Factors B S.E P-Value
Gender 2.840 0.092 Treatment modality 0.374 0.273 0.041
Age 1.238 0.266 Liver cirrhosis 0.423 0.214 0.034
HBsAg 0.441 0.507 Tumor size 0.447 0.116 0.021
Liver cirrhosis 6.272 0.012 Tumor differentiation 0.552 0.103 0.013
Child-Pugh classification 4.817 0.028 Vascular invasion 0.435 0.161 0.026
Portal hypertension 1.635 0.387

Tumor size 11.593 0.001

AFP 1.574 0.217

Vascular invasion 9.587 0.007

Tumor differentiation 5.354 0.023

Blood loss 3.281 0.042

Time of liver ischemia 2.096 0.136

Treatment modalities 15.667 0.001
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With the rapid advance of molecular bology lechnelogy, the
application of cytokines & thought 1o be a promising strategy for
canger freatment, Cytokine immunotherapy hos mony
wilvantapes compared with traditional therapoutic metlods such
as chemotherapy and radwotherapy. Cytokine immumotherapy mol
only has lewer mide effects, boi also cam avord temaor
dymmmunity and specific tolerance of tumar antigen. LAK cells
silopive immusciherapy i a classical therapeutic method o
many malignant tumoers including HOC, However, 1t role m the
prevention of HOC recarrence remmme contraversial | 18-20].
Stanford Univermty School of Medicine firsd reported that CIK
celle had » strong anbproli feratove capacity amd eytotoxscity on
immor cells [21]. Farther sindies have demonsirated ithat CIK
celle, which are lymphocytes tndoced by multiple cyiclkines,
have betier anti-tamor effects compared with LAK cells
{lympheytes activated by 1L-2 alome) [22]. In additen, CTk cells
hove minimal cytotoxicity sgmmsl normal hemstopoietic cells
und do not canse myeloseppression. Therefore, the therapy with
CIK cells has great prospects i cancer treatment asd is catching
more affestion [21) Importanily, application of CIK cells has
approved beneficial for some patients with malignant tumors 1n

Fig. 2.

Survival rate curves of the three
groups. Kaplan—-Meier was employed to
estimate the survival rates of the three
groups. Log-rank test shows no
significant difference among the three
groups (P =0.884).

some clinveal trials [24,25]. Ar For HOC, the boxteity of CIK cells
las been testified in a few im vikre siodies, However, there are
few documents conceming im vivoe studies on the gifect of CIK
cells, Cur data demonstraded that CIK immumetherapy improved
disesse=ree survival rades bot had o effect on servival rates.
Mesnwhale, no significast difference was found in suzvival rates
and discaie free suraval rates betwesn the 2 CIK groups. We
presumae that the early three courses of CIK immunoiferapy play
an imeportant role in comtrolling fumor recarresce. In this trial,
the firet course of sdjuvent CIK immunotheragy was given 4
weeks after mdizal resection of HOU, We hypotlesiz: that early
ClK immunotherapy after operation may be the mosl beneficial.
Although there were no statistically sigmaficant differences
among ike three growps s the five factors which influenced
digeane-free survival mbes, the contred gioup showed a slightly
higher percentage of cirthoss and vascalar mvasion. This may
camee bias and thos may affect the concluzion. In order to solve
this probiem, a langer scale irial ahould e condngted. Regarding
to the influence of route ofadminisiration and dosage of CIK cell
therapy, we will further carry ont corresponding clinical trials.

Conclusion

Postoperative adjuvant immunotherapy with CIK cells may be a valuable therapeutic strategy for HCC patients in preventing
recurrence and metastasis, although it has not approved effective on the overall survival in this trial. Log-rank test shows no significant

difference among the three groups (P =0.884).
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* Study of Chemotherapy With Adoptive Cellular Therapy With DC-CIK Cells in
Triple Negative Breast Cancer Patients (DCCIK)

Siatus; Recruliing

Condition: Breast NeoplusmsMNeoplasm Metastasis

Sponser: Benjing Cancer Hospital

ClinicalTrials.gov Identifier: NCTO1395056

Estimated Enrollment: 50

Study Start Date: July 2011

Estimated Primary Completion Date; December 2013 (Final data collection date for
Primary outcome measure)

Laboratory-Treated T Cells With or Without Ipilimumab in Treating Patients
With Metastatic Melanoma

Status: Recruiting

Condition: Hecurrent Melanoma/Stage I'V Melanoma

Sponsor: Fred Hutchinson Cancer Hesearch Center

Clhinieal Trials gov Identifier; NCTOORT | 481

Phase:Phase [Phase 11

Estimated Enrollment: 20

Study Stard Date: February 2009

Estimated Primary Completion Date: February 20102 (Final data collection date [or
Primary oulcome mensure)

* DC Vaccine Therapy Combined With Cytokine-Induced Killer Cell in Treating
Patients With Renal Cell Carcinoma

Status:recruiting

Condition: Renal Cell Carcinoma

Sponsor: Fuzhou General Hospital

ClinicalTrials.gov Identifier: NCT00862303

Phase: Phase I/Phase I1

Estimated Enrollment: 100

Study Start Date: March 2009

Estimated Primary Completion Date: June 2015 (Final data collection date for primary
Outcome measure)
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