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Abstract: Objective: To compare the therapeutic effects of allogeneic bone graft repair and autologous bone graft
repair following bone tumor resection. Methods: A sample of 215 bone tumor patients was studied. These patients
were randomly divided into an autologous bone graft repair group (control group; n=107) and an allogeneic bone
repair group (treatment group: n=108) according to the source of bone tissue. T lymphocyte subsets, serum alexin,
and circulating immune complexes were analyzed. X-ray examinations were performed to estimate the healing of
the bones. Bone and joint functions were assessed according to Mankin’s standard. Results: There was no statisti-
cal difference in C3, C4, and CIC expression between the two groups before and after surgery during the time period
tested (P>0.05). There was no statistical difference in the healing rate between the two groups (P>0.05), as indi-
cated by the absence of a significant difference between the mean healing times of the control group (7.25+2.84
months) and the observation group (7.84+2.95 months), (t=1.494, P=0.137). There was no statistical difference
between the excellent rate in the two groups as per the Mankin standard (P>0.05). KM survival curves, based on a
5-year follow-up of the two groups of patients, indicated that there was no statistical difference between the 5-year
survival rates of the two groups (P=0.513). Conclusion: The results for both grafts were largely consistent and no
obvious rejection reaction occurred. Therefore, it is felt that the allogenic bone draft may be suitable for clinical
promotion.
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Introduction the possibility for serious damage to the donor
site. Autologous bone graft fusion is mainly
based on the sacrum where the proportion of

cancellous bone is large, which can lead to

Clinical manifestations of bone tumors are
mainly ischemia, malnutrition, and cachexia,

where local pain and tenderness is extremely
evident [1]. Bone tumors are mostly found in
adolescents and cause much harm to the qual-
ity of life [2]. At present, the main method of
treatment is surgery. However, patients usually
acquire different degrees of bone defects after
the removal of bone tumors, and these defects
greatly influence the patient’s bone and joint
functions, and limits the patient’s capability to
be active as well [3]. The most common repair
method for bone defects is bone graft.
Autologous bone graft has natural advantages
in repairing bone defects, such as greatly
reducing the incidence of immune rejection in
patients, and is characterized by rapid healing.
However, it cannot be used as the main treat-
ment method due to a lack of bone sources and

unsatisfactory intervertebral support and sec-
ondary injury [4-6].

Artificial prosthesis transplantation is a method
that does not require bone healing to achieve
joint remodeling, and its range of motion is
close to its own joint. However, it carries many
disadvantages such as the risk of post-opera-
tive infection and loosening of the prosthesis,
which may need to be revised through follow-up
surgery. This will inevitably lead to a wide range
of bone loss and bone defects [7, 8]. Allogeneic
bone graft is an ideal technique to repair bone
defects, but the preservation of bone sources
poses difficulties, which is a limitation of this
type of bone graft [9]. With the advancement of
medical technology, the emergence of frozen
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allogeneic bone grafting offers a solution to the
problem of bone source preservation. The pres-
ervation of allogeneic bone through ultra-low
freezing technology effectively inhibits the
growth of bacteria and prevents bone break-
down, while maintaining the physiological activ-
ity of bone [10].

In this study, we used frozen allogeneic bone
grafts to repair bone defects following bone
tumor resection, and explored the possibility
that a frozen allogeneic bone graft may provide
clinicians with a more effective evidence-based
technique for bone defect repair.

Materials and methods
Method

We sampled 215 patients with bone tumors
who were admitted to our hospital from July
2010 to January 2013. All patients were diag-
nosed as bone tumor patients via pathological
biopsy and imaging. The samples were divided
into the autologous bone graft repair group
(control group) and allogeneic bone repair
group (treatment group) according to the bone
sources. The 107 patients in the control group
consisted of 58 males and 49 females. Their
ages ranged from 18 to 72 years where the
average age was 47.58115.65 years. There
108 patients in the treatment group, included
65 males and 43 females. Their ages ranged
from 21 to 77 years where the average age was
46.36+14.87 years. The patients and their
families were duly informed and signed
informed consent forms were obtained from all
patients prior to the trial. The study was
approved by the Medical Ethics Committee of
the hospital.

Inclusion and exclusion criteria

Inclusion criteria: Course of iliness lasting for at
least half a year, no other inherited diseases,
radiotherapy, chemotherapy, autism, memory
impairment, or hearing impairment.

Exclusion criteria: The patient was over 18
years old, course of illness was less than half a
year, has respiratory system disease, kinship
with other patient’s, recent blood transfusion
therapy, immune function defects, did not
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cooperate with the examination, did not partici-
pate in treatment follow-up, and incomplete
clinical information.

Allogeneic bone source collection and prepa-
ration

The collection method was in accordance with
the standards specified by the AATB (American
Association of Tissue Banks) [11]. Allogeneic
bone was collected from healthy patients who
underwent sudden death, taking care that the
bone source was recovered within 8 hours of
death. An aseptic operating environment was
maintained. The collected bone source was
packed in a double sterile bag for transporta-
tion at low temperature. Treatment method:
The collected bone source surface, including
surface tissue, cartilage and, periosteum, was
removed, after which, the bone marrow was
repeatedly washed with sterile normal saline,
and sterilized using y-rays, at an intensity of 25
kGy. Next it was dried, aseptically, vacuum-
packed, and placed in cold storage at -4°C.
During storage, the temperature was gradually
reduced to -80°C within 12 hours. The selected
bone sources were preserved for no more than
6 months. The bones were rewarmed for 30
min at 55°C, before surgery, and soaked in 75%
medical alcohol for 30 min. Finally, they were
rinsed with saline before use.

Surgical methods

Patients in both groups were treated with bra-
chial plexus or high epidural anesthesia for
upper extremity surgery and continuous waist
epidural anesthesia for lower extremity surgery.
When the tumor site was fully exposed, the
tumor and remaining tissue were cleared.

Patients in the observation group were treated
with allogeneic bone materials; bone marrow
and periosteum were scraped off after which
the allogeneic bone was drilled in to the medul-
lary cavity and rinsed. Chemical methods were
used to eliminate tumor cells, and the bone
graft bed was cleaned. Then the bone was suf-
ficiently compressed. During the operation, air
bags were used for hemostasis in order to
maintain a clear surgical field, and to expose
and free bone tumors. The air bag was loos-
ened to check for nerves damage, and to stop
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Table 1. Comparison of clinical data of patients

was washed repeatedly with

Controlgroup  Observation
(n=107) group (n=108)

normal saline and the wall

Sex
Male 58 (54.21)
Female 49 (45.79)
Age (year)
Hypertension
Yes 39 (34.45)
No 68 (63.55)
Diabetes history
Yes 25 (23.36)
No 82 (76.64)
Smoking history
Yes 60 (56.07)
No 47 (43.93)
Excessive drinking
Yes 15 (14.02)
No 92 (85.98)
Tumor type
Giant cell tumor of bone 44 (41.12)
Osteosarcoma 30 (28.04)
Chondrosarcoma 18 (16.82)
Metastatic tumor of bone 10 (9.35) 6 (5.56)
Aneurysmal bone cyst 5 (4.67) 2(1.85)

65 (60.18)
43 (39.82)
47.58+15.65 46.36+14.87 0.586 0.559

47 (43.52)
61 (56.48)

33 (30.56)
75 (69.44)

66 (61.11)
42 (38.89)

10 (9.26)
98 (90.74)

50 (46.30)
35 (32.40)
15 (13.89)

t/x? Pvalue of the tumor cavity was
immersed in 95% ethanol
0.409 gauze for 15 minutes. Next,

normal saline was used to
wash the medullary cavity
again. Then, depending on
the degree of bone defe-
ct, corresponding materials
(bilateral iliac bones com-
0.283 bined with BMP bone graft
material) were implanted to
fill the bone defect site,
0.490 tightly combined and pr-
essed, and the gap sutur-
ed. Postoperative antibiot-
0.296 ics were administered con-
tinuously and negative pr-
essure drainage was main-
tained. If the patient was
able to be active after 1
week passive exercise was
allowed.

0.331

3.321 0.506

Observation indicators

the bleeding in time. The pre-treated allogeneic
bone was grafted onto the bone defect for butt
joint, ensuring that the bone contact surface
and the two ends of the bone defect emerged
in a trapezoidal connection. Appropriate inter-
nal fixation was selected, in accordance with
the criteria of non-weight-bearing activity in the
early stage of healing. The soft tissue around
the bone defect was restored after fixation.
Based on the lesion scraping and lesion status
of the patient, allogeneic bone was selected to
fill the cavity of the bone defect. Postoperative
antibiotics were administered continuously and
negative pressure drainage was conducted. If
the patient was able to be active after 1 week,
passive exercise was allowed.

In the control group, the lesion was completely
scraped off, until the incision was fully revealed.
A drill was used to open a window on the bone
cortex. The bone cortex outside the subperios-
teal, subtympanic tumor and the wounded area
was resected. The bone window was opened
and the tumor cavity exposed. Complete resec-
tion was performed, and the medullary cavity
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Fasting peripheral venous
blood was collected 2 days
before surgery and 14 and 28 days after sur-
gery. T lymphocytes, CD3*, CD4* and CD8* were
detected using flow cytometry, and serum
C3, C4, alexin, and circulating immune com-
plex (CIC) were measured via velocity ne-
phelometry. X-ray imaging was used to detect
and assess the patient’'s healing progress.
Detection time: Patients were inspected 3, 6,
12 and 24 months after surgery. Evaluation cri-
teria: existence of an external bone callus or
bony connection indicated that the patient has
healed and the bone joints had clearly resolv-
ed. No external callus formation indicated
incomplete healing. Healing rate = total healed/
total number * 100.

Evaluation standards

This study used the evaluation criteria of
Mankin et al. [12] as the reference point. The
patients were divided into four grades: excel-
lent, good, moderate, and poor. The excellent
grade patients showed no postoperative com-
plications or pain, no effect on daily life and
normal limb function; Good grade patients
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Figure 1. A. Comparison of the two groups of patients’ preoperative 2 day
(d), and postoperative 14 d, and 28 d CD3* expression. B. Comparison of the
two groups of patients’ preoperative 2 d and postoperative 14 d, and 28 d
CD4* expression. C. Comparison of the two groups of patients’ preoperative
2 d, postoperative 14 d, and 28 d, CD8* ratio. D. Comparison of the two
groups of patients’ preoperative 2 d, postoperative 14 d, and 28 d, CD4*/

was expressed as percent
rate (%). The chi-square test
was used for analysis. Kaplan-
Meier was used for survival
analysis. The statistical signif-
icance level was set at
P<0.05.

Comparison of clinical data

We compared clinical data of
the two groups and found no
statistical difference in age,
gender, hypertension, diabe-
tes history, smoking history,
alcoholism, and tumor type
between the two groups (P>
0.05) (Table 1). This indicated
that the two groups were
comparable.

Peripheral blood T lympho-
cyte expression

We conducted flow cytometry
counts on CD3*, CD4*, CD8*
and CD4/CD8* of T lympho-
cytes in peripheral blood, 2
days before surgery, and 14
and 28 days after surgery.
There was no significant dif-

CD8* ratio.

showed no postoperative complications or
pain, but were unable to perform weight-bear-
ing tasks without physical support, and limb
function was limited as well. Moderate grade
patients showed no recurrence but needed a
brace for daily activities and limb function was
severely restricted. Poor grade patients show-
ed recurrent infection and needed further
amputation. According to the above method,
the “excellent rate” was evaluated as “excellent
rate” = excellent + good/total number * 100%.
In this study, all patients were followed for 5
years and a survival curve was produced.

Results
Statistical analysis

In this study, SPSS20.0 statistical software
package was used. We used the GraphPad
Prism 7 software package for graphics. Me-
asurement data were expressed as mean %
standard error (Mean + SD). The t-test was
used for analysis and the enumeration data
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ference in the CD3*, CD4%,
CD8* and CD4/CD8* counts
of T lymphocytes in peripheral
blood before or after surgery during the time
tested (P>0.05). As well, there was no signifi-
cant difference in the CD3*, CD4*, CD8" and
CD4/CD8"* expression in peripheral blood T lym-
phocytes before and after surgery for the time
period tested (P>0.05) (Figure 1).

Serum C3, C4 alexin and CIC expression in the
two groups of patients

We evaluated the serum C3, C4 alexin and CIC
expression 2 days before surgery and 14 and
28 days after surgery in the two groups. There
was no significant difference in the C3, C4 alex-
in, and CIC expression in the serum between
the two groups before or after surgery for the
time period tested (P>0.05) (Figure 2).

Postoperative healing and joint function as-
sessment in the two groups of patients

This was evaluated by way of X-ray examination
and comparison of healing in the two groups.
There was no significant difference in the heal-
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Figure 2. A. Comparison of the two groups of pa-
tients’ preoperative 2 d, postoperative 14 d, and 28
d C3 complement expression. B. Comparison of the
two groups of patients’ preoperative 2 d, postopera-
tive 14 d, and 28 d C4 complement expression. C.
Comparison of the two groups of patients’ preopera-
tive 2 d, postoperative 14 d, and 28 d C4 comple-
ment expression.
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ing rates between the two groups (P>0.05),
(Table 2). There was no significant difference
in the mean healing time between the con-
trol group (7.25+2.84 months) and the obser-
vation group (7.84+2.95 months) (t=1.494,
P=0.137). There was no significant differen-
ce in the excellent rate between the two gro-
ups, using the evaluation standard (P>0.05)
(Table 3).

Patient survival status

We performed a 5-year follow-up of two groups
of patients and produced a K-M survival curve.
There was no significant difference in the 5-year
survival rate between the two groups (P=0.513)
(Figure 3).

Discussion

Bone grafting, by transplanting bone tissue
onto a bone defect and strengthening and fix-
ing it, is considered the most effective way to
treat bone defects [13]. According to the type of
graft, bone grafting can be divided into: artifi-
cial bone graft, tumor inactivated bone graft,
allogeneic bone graft and autologous bone
graft. Artificial bone graft is expensive and can-
not meet large-scale bone transplantation
needs. Tumor-inactivated bone graft has many
limitations including the risk of recurrence after
transplantation. Autologous bone graft shows
good capability in inducing the healing of bone
defects, and therefore provides the most ideal
material for bone defect grafting. However, it
comes with problems associated with limited
bone sources and the risk of secondary injuries
[14, 15]. Allogeneic bone graft has the advan-
tage of access to a wide range of bone sources
and is able to meet various transplantation
requirements. Allogenic bone grafts also have
certain bioactivity and are great prospects for
clinical application [16]. Therefore, in this study,
we compared the healing status of bone
defects repaired by autologous bone graft and
allogeneic bone graft, following bone tumor
resection.

There are several different types of T-lym-
phocytes. Based on molecular biological char-
acteristics, they can be divided into various
sub-populations [17]. CD3* T cells can be di-
vided into two types, CD4* and CD8* T cells,
according to differences in the antigens on
the surface [18]. CD4* cells serve as key ce-
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Table 2. The healing of the two groups of patients

We also detected

Complete

Group healing

Unhealed

serum C3, C4 and
P value CIC in both groups.

Control group (n=107)

99 (92.52) 8(7.48)

Observation group (n=108) 96 (88.89) 12 (11.11) Observation group (n=108)

C3 can be specifi-

0.482
cally lysed with pro-

Table 3. Scores of patients in two groups

tein segment-rece-
ptor during an in-
flammatory reac-
tion or B cell-medi-

Group Excellent Good

Secondary Difference P value

ated immune reac-

Control group (n=107)

39(36.45) 45 (42.06) 15 (14.02) 8(7.48) 0.211
Observation group (n=108) 27 (25.00) 49 (45.37) 20 (18.52) 12 (11.11)

tion [22]. C4 play
an important regu-

— Control group
— Observation group
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Figure 3. There was no difference in survival rate be-
tween the two groups after K-M survival curve.

lls for T cell guidance and induction, and can
regulate humoral and cellular immunity. For
example, they produce antibodies by coor-
dinating the differentiation of B cells. CD8*
cells serve as important cells for inhibiting
and killing T cells and, and play an inhibitory
role against antibody production and secre-
tion. Studies have shown that overexpres-
sion of CD8" cells is conducive to the con-
tinued growth of cells [19-21]. Under normal
conditions, the ratio of CD4* to CD8" cells is
in the range of 1.4 to 2.5. A ratio above 2.5
indicates an active cellular immune function
which is prone to autoimmune reactions. A ra-
tio lower than 1.4, indicates an immunosup-
pressed state. In this study, we found that there
was no significant difference between CD3,
CD4* and CD8* expression between the two
bone graft types before or after surgery during
the tested time period. CD4*/CD8" ratio in the
two groups remained stable at about 1.4. This
indicated that postoperative cellular immune
response was activated in both groups.
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latory role in com-

plementing activa-
tion and precipitating prevention of the im-
mune complex [23]. CIC is a product of the
combination of the body’s own antibodies and
antigens, where differences in their expression
play an important role in determining the prog-
nosis of many diseases [24]. Our results
showed that there were no significant differ-
ences in C3, C4 and CIC before and after sur-
gery for the two different bone grafts during the
time period tested. This further confirms the
feasibility of both approaches in repairing bone
defects after bone tumor resection. We pre-
sume the reason that the experimental group
did not display immune rejection was due to
pretreatment of allogeneic bone sources prior
to the experiment. Thorough removal of perios-
teum, tissue, and cartilage from the femoral
surface was performed, and repeated washes
were utilized to remove bone marrow, resulting
in a loss of protein activity, which reduces
immune activity. Significant sterilization was
also achieved through irradiation with gamma
rays (25 kGy).

Finally, we found no significant differences in
the postoperative healing status, average he-
aling time, and joint function assessment,
between the two groups of patients. There was
no difference in the survival rates of the two
groups of patients 5 years after surgery, which
may indicate that the effects of treatment and
prognosis were basically the same for both
graft methods.

However, this study had certain limitations.
Firstly, the sample size was insufficient to deter-
mine experimental bias. This issue needs to be
further assessed. Moreover, the immune mech-
anism was not researched in depth. Therefore,
further studies to elucidate the immune mech-
anism involved may be needed to supplement
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our findings, as also to provide an evidence
backed basis for clinicians to decide on effec-
tive treatment methods.

In summary, the effect of allogeneic bone graft-
ing and autologous bone grafting as treatments
for repairing bone defects was basically the
same, and there was no obvious rejection reac-
tion. Therefore, allogeneic bone grafting may
be suitable for clinical promotion.

Disclosure of conflict of interest
None.

Address correspondence to: Xin Wang, Depart-
ment of General Surgery, The 4th Central Hospital,
1st, Zhongshan Road, Hebei District, Tianjin
300140, China. Tel: +86 13820857976; E-mail: xin-
wangb434664@163.com

Reference

[1] Samoyo PT, Nkya GZ, Minja FG and Temu RJ.
Clinicopathological guide to malignant bone
tumours: a retrospective analysis of the cancer
registry at Kilimanjaro Christian medical cen-
tre in northern Tanzania. East and Central Afri-
can Journal of Surgery 2017; 22: 24-34.

[2] Speight PM and Takata T. New tumour entities
in the 4th edition of the world health organiza-
tion classification of head and neck tumours:
odontogenic and maxillofacial bone tumours.
Virchows Arch 2018; 472: 331-339.

[3] Rosario M, Takeuchi A, Yamamoto N, Hayashi
K, Miwa S, Higuchi T, Abe K, Taniguchi Y, Aiba
H, Tanzawa Y, Murakami H and Tsuchiya H.
Pathogenesis of osteosclerotic change follow-
ing treatment with an antibody against RANKL
for giant cell tumour of the bone. Anticancer
Res 2017; 37: 749-754.

[4]  Schlumberger M, Mayr R, Koidl C, Eichinger M
and Roth T. Treatment of tibial nonunion with
bone defect using a heterotopic ossification as
autologous bone graft: literature overview and
case report. Eur J Orthop Surg Traumatol
2018; 28: 741-746.

[6] Kadhim M, Holmes L Jr, Gesheff MG and Con-
way JD. Treatment options for nonunion with
segmental bone defects: systematic review
and quantitative evidence synthesis. J Orthop
Trauma 2017; 31: 111-119.

[6] Shao H, Ke X, Liu A, Sun M, He Y, Yang X, Fu J,
Liu'Y, Zhang L, Yang G, Xu S and Gou Z. Bone
regeneration in 3D printing bioactive ceramic
scaffolds with improved tissue/material inter-
face pore architecture in thin-wall bone defect.
Biofabrication 2017; 9: 025003.

9550

(7]

(9]

(10]

(11]

[12]

[15]

[17]

van Dijk CN. Editorial commentary: bulk osteo-
chondral talar grafts compromise future ar-
throdesis or prosthesis. Arthroscopy 2017; 33:
223-224.

Struckmann V, Schmidmaier G, Ferbert T, Kne-
ser U and Kremer T. Reconstruction of extend-
ed bone defects using massive allografts com-
bined with surgical angiogenesis: a case
report. JBJS Case Connect 2017; 7: e10.
Antebi B, Zhang L, Sheyn D, Pelled G, Zhang X,
Gazit Z, Schwarz EM and Gazit D. Controlling
arteriogenesis and mast cells are central to
bioengineering solutions for critical bone de-
fect repair using allografts. Bioengineering
(Basel) 2016; 3.

Xavier SP, Dias RR, Sehn FP, Kahn A, Chaushu
L and Chaushu G. Maxillary sinus grafting with
autograft vs. fresh frozen allograft: a split-
mouth histomorphometric study. Clin Oral Im-
plants Res 2015; 26: 1080-1085.

Macedo LG, Mazzucchelli-Cosmo LA, Macedo
NL, Monteiro AS and Sendyk WR. Fresh-frozen
human bone allograft in vertical ridge augmen-
tation: clinical and tomographic evaluation of
bone formation and resorption. Cell Tissue
Bank 2012; 13: 577-586.

Mankin HJ, Doppelt SH, Sullivan TR and Tom-
ford WW. Osteoarticular and intercalary al-
lograft transplantation in the management of
malignant tumors of bone. Cancer 1982; 50:
613-630.

Younger EM and Chapman MW. Morbidity at
bone graft donor sites. J Orthop Trauma 1989;
3:192-195.

Hoffmann T, Al-Machot E, Meyle J, Jervoe-
Storm PM and Jepsen S. Three-year results fol-
lowing regenerative periodontal surgery of ad-
vanced intrabony defects with enamel matrix
derivative alone or combined with a synthetic
bone graft. Clin Oral Investig 2016; 20: 357-
364.

Decambron A, Manassero M, Bensidhoum M,
Lecuelle B, Logeart-Avramoglou D, Petite H
and Viateau V. A comparative study of tissue-
engineered constructs from acropora and
porites coral in a large animal bone defect
model. Bone Joint Res 2017; 6: 208-215.
Rocchietta I, Simion M, Hoffmann M, Trisciuo-
glio D, Benigni M and Dahlin C. Vertical bone
augmentation with an autogenous block or
particles in combination with guided bone re-
generation: a clinical and histological prelimi-
nary study in humans. Clin Implant Dent Relat
Res 2016; 18: 19-29.

Dias RR, Sehn FP, de Santana Santos T, Silva
ER, Chaushu G and Xavier SP. Corticocancel-
lous fresh-frozen allograft bone blocks for aug-
menting atrophied posterior mandibles in hu-
mans. Clin Oral Implants Res 2016; 27: 39-46.

Int J Clin Exp Med 2018;11(9):9544-9551


mailto:xinwang5434664@163.com
mailto:xinwang5434664@163.com

(18]

(19]

[20]

[21]

Therapeutic effect of allogeneic bone graft repair

Huang H, Langenkamp E, Georganaki M, Losk-
og A, Fuchs PF, Dieterich LC, Kreuger J and
Dimberg A. VEGF suppresses T-lymphocyte in-
filtration in the tumor microenvironment
through inhibition of NF-kappaB-induced endo-
thelial activation. FASEB J 2015; 29: 227-238.
Dufrane D, Docquier PL, Delloye C, Poirel HA,
Andre W and Aouassar N. Scaffold-free Three-
dimensional graft from autologous adipose-
derived stem cells for large bone defect recon-
struction: clinical proof of concept. Medicine
(Baltimore) 2015; 94: e2220.

Takeuchi A, Badr Mel S, Miyauchi K, Ishihara C,
Onishi R, Guo Z, Sasaki Y, Ike H, Takumi A, Tsu-
ji NM, Murakami Y, Katakai T, Kubo M, Saito T.
CRTAM determines the CD4* cytotoxic T lym-
phocyte lineage. Journal of Experimental Medi-
cine 2016; 213: 123-138.

Turtle CJ, Hanafi LA, Berger C, Gooley TA, Che-
rian S, Hudecek M, Sommermeyer D, Melville
K, Pender B, Budiarto TM, Robinson E,
Steevens NN, Chaney C, Soma L, Chen X,
Yeung C, Wood B, Li D, Cao J, Heimfeld S, Jen-
sen MC, Riddell SR and Maloney DG. CD19
CAR-T cells of defined CD4*:CD8* composition
in adult B cell ALL patients. J Clin Invest 2016;
126:2123-2138.

9551

[22]

(23]

[24]

Kelly KJ, Liu Y, Zhang J and Dominguez JH. Re-
nal C3 complement component: feed forward
to diabetic kidney disease. Am J Nephrol 2015;
41: 48-56.

Terrier B, Marie |, Lacraz A, Belenotti P, Bonnet
F, Chiche L, Graffin B, Hot A, Kahn JE, Michel C,
Quemeneur T, de Saint-Martin L, Hermine O,
Leger JM, Mariette X, Senet P, Plaisier E and
Cacoub P. Non HCV-related infectious cryoglob-
ulinemia vasculitis: results from the French
nationwide CryoVas survey and systematic re-
view of the literature. J Autoimmun 2015; 65:
74-81.

Esmail H, Lai RP, Lesosky M, Wilkinson KA,
Graham CM, Horswell S, Coussens AK, Barry
CE 3rd, O'Garra A and Wilkinson RJ. Comple-
ment pathway gene activation and rising circu-
lating immune complexes characterize early
disease in HIV-associated tuberculosis. Proc
Natl Acad Sci U S A 2018; 115: E964-E973.

Int J Clin Exp Med 2018;11(9):9544-9551



