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Objectives The sub-acute toxic effects following repetitive intramuscular injection of two
cervical cancer vaccines newly developed against human papillomaviruse (HPV)16/58/18
and HPV16 were investigated in female ICR (CrljOri: CD1) mice, and the no-observed-
adverse-effect-level (NOAEL) of the cervical cancer vaccines was estimated.

Methods Female ICR mice (n=15 in each group) were exposed to a 1:1 mixture of two cer-
vical cancer vaccines by repetitive intramuscular injection (once a week, 5 times) for g
weeks. Mortality, body weight, organ weight, hematological/biochemical parameters, and
histopathological effects were examined at different concentrations (0, 1x10%, 5x10%, and
2.5x10° copies/animal) of the cervical cancer vaccines.

Results The cervical cancer vaccines did not show toxic responses for body weight, ab-
solute/relative organ weight, hematological/biochemical parameters, or histopathologi-
cal parameters.

Conclusions Female ICR mice exposed to vaccines for cervical cancer did not show any
toxic response. We suggest that a NOAEL of the vaccine following repetitive intramuscu-
lar injection for 5 weeks is >2.5x10° copies/animal.
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Introduction

Cervical cancer shows the seventh highest incidence rate of
malignant cancers in Korean women. The sexually transmitted
infection of human papillomaviruses (HPVs) has been estab-
lished as the major causative agent of cervical cancer [1,2].
HPVs have been found in more than 150 viruses [3]. The high-
risk types of HPV are 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59,68, 69, 73, and 82, while the low-risk types of HPV are 6, 11,
42, 43, and 44 [4,5]. High-risk HPV types have been found in

more than 90% of cervical carcinomas or intraepithelial neopla-

sia, and, in particular, two HPV types (16 and 18) are responsi-
ble for about 70% of cervical cancers [6,7].

Vaccination is the most effective means of preventing HPV in-
fectious diseases [8]. Several HPV vaccines have been devel-
oped, and two cervical cancer vaccines (Gardasil® and Cervar-
ix®) have obtained Food and Drug Administration approval in
the USA [9]. Gardasil® for girls and boys is a quadrivalent vac-
cine against HPV 6/11/16/18 and Cervarix® for girls only is a
bivalent vaccine against HPV 16/18 [9]. The distinct efficacy of
two vaccines on HPV infectious diseases was confirmed in large
randomized clinical trials [ 10-14]. However, adverse effects of
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HPV vaccines, such as vasovagal syncope, venous thrombosis,
pulmonary embolism, and amyotrophic lateral sclerosis, have
been reported in several studies, although it is difficult to infer
clear causal associations between HPV vaccines and adverse ef-
fects [15,16]. Therefore, it is important to evaluate the safety of
newly developed vaccines for cervical cancer.

In this study, we investigated the sub-acute toxic effects in fe-
male ICR mice following repetitive intramuscular injection of
new cervical cancer vaccines, i.e., AccHERV-16-58-18 L1 and
Ac-HERV-LANPSS-E6E7, which target HPV 16/58/18 and
HPV 16, respectively. The no-observed-adverse-effect-level
(NOAEL) was also evaluated.

Materials and Methods

Materials

Two vaccines for cervical cancer were manufactured by Kolon
Life Science Inc. (Gwacheon, Korea): Ac-HERV-16-58-18 L1
and Ac-HERV-LAMPss-E6E7 were developed against HPV
types 16/58/18, and HPV 16, respectively. The vaccines were
suspended in Dulbecco’s phosphate-buffered saline (DPBS),
and stored at 3.5-6.0°C until administration to mice. A 1:1 mix-
ture of the two vaccines (Ac-HERV-16-58-18 L1 and Ac-HERV-
LAMPss-E6E7) was injected into female ICR mice.

Animals

Because cervical vaccines are administrated in women only, fe-

male ICR mice were used to examine the toxic response of cer-

Table 1. Organ weight in female ICR mice treated with cervical cancer vaccines

vical vaccines. Specific pathogen-free female ICR mice (S weeks
old, 19.4-23.6 g) were purchased from Orient Bio Inc. (Seong-
nam, Korea). They were maintained in an environmentally con-
trolled room under standard conditions of temperature of 21.2-
23.9°C, relative humidity of 40.7-70.2%, air ventilation of 10-15
times/hr, and a 12-hour light/dark cycle of 150-300 lux. The
animals were fed with standard pellet (Harlan Laboratories, In-
dianapolis, IN, USA) and filter-sterilized tap-water ad libitum.
All animals were housed for a 6-day acclimation period. During
this period, each animal was observed once a day for health con-
ditions and body weights were measured. Female mice were
distributed into four groups (G1: control group; G2: 1x 10°
copies/animal; G3: 5x 10° copies/animal; G4: 2.5x10° cop-
ies/animal) by stratified random sampling based on body
weight, with each group containing fifteen mice (Table 1). The
animals were ethically handled according to the agreed guide-
lines for the Biotoxtech Co., Ltd (Cheongju, Korea).

Experimental Design and Administration

A 1:1 mixture of two vaccines (1x 10° copies/animal, 5 x 10°®
copies/animal, and 2.5x 10° copies/ animal) was administered
by repetitive intramuscular injection using a 26-gauge needle
once a week for 5 weeks. A control group was injected with
DPBS only. Ten female mice were euthanized for the assess-
ment of hematology, blood biochemistry, organ weight, and
necropsy/histopathological findings. The test was performed
following Good Laboratory Practice according to the “Guide-
lines for Toxicity Tests of Drugs and Related Materials” provid-
ed by the Korea Food and Drug Administration.

:i:;’;’;s fanimal G1(0) G2 (1x10°) G3 (5x109) G4 (2.5x10°)

Body weight 28.6+3.0 299420 28.842.5 283425
Brain 0.469+0.029 (1.651+0.152)  0.498+0.031 (1.669+0.128) 048240034 (1.681+0.154)  0.489:£0.036 (1.737+0.193)
Pituitary 0.002+0.001 (0.007£0.002)  0.002+0.001 (0.008+0.002)  0.002+0.001 (0.007+0.002)  0.002:£0.001 (0.0080.001)
Heart 0.140+0.010 (0.49140.036)  0.144+0.020(0.479+0.047)  0.148+0.012 (051540034  0.139:+0.013 (0.491+0.034)
Lung 016640015 (0.582+£0.060)  0.186+0.024 (0.623£0.073)  0.176+0.017 (0.612+£0.062)  0.170%0.015 (0.602+0.051)
Liver 140540172 (4.92040.393)  1.485+0.217 (4.948+0.441) 142240136 (4.9504£0.453)  1.390+0.194 (4.900+0.479)
Spleen 011440034 (0.395£0.091) 013240044 (0.435£0.116)  0.148+0.045 (0.5124£0.140)  0.137+0.041 (0.481+0.119)
Kidney 0.37740.045 (1.31940.117) 038240043 (1.278+0.125)  0.378+0.028 (1.321+0.145)  0.38240.042 (1.350+0.140)
Adrenal 0.010+£0.002(0.037+0.005)  0.011£0.002 (0.036£0.005  0.011+0.001 (0.040£0.006)  0.01120.002 (0.040+0.007)
Ovary 0.010+£0.003(0.034+0011)  0.012+0.004 (0.040£0.011)  0.011+0.002 (0.038+£0.007)  0.01120.005 (0.037+0.015)
Uterus 0.131£0.058 (0.465£0.215) 013820071 (0.455£0.212)  0.138+0.053 (0.476+0.178)  0.14120.077 (0.5030.291)

Values are expressed as the mean=standard deviation.

Values in parentheses are relative organ weights (organ weight per body weight, %).
No. of animals in body weight of each group =15 female mice.
No. of animals in organ weight of each group =10 female mice.

Female mice in the G1 group were treated with Dulbecco’s phosphate-buffered saline only.
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Organ Weights, Clinical Signs, and Mortality

All animals were observed at least twice daily for any clinical
signs of toxicity (behavioral pattern: salivation, fur, lethargy, and
sleep, changes in physical appearance, injury, pain, and signs of
illness) and mortality by macrograph during the experimental
period. All animals were monitored for body weight changes
once a week after administration.

Histopathological Effects

At the conclusion of the 5-week experiment, food was with-
held for 4-hour and the mice were anesthetized by isoflurane in-
halation. After blood collection, female mice were sacrificed by
exsanguination of the abdominal aorta. Brain, pituitary, heart,
lung, liver, spleen, kidney, adrenal gland, ovary, and uterus were
carefully removed and weighed for absolute/relative organ
weights. The organs were fixed in a 10% formalin solution, em-
bedded in paraffin, and stained with hematoxylin and eosin for

histopathological examination.
Hematological and Serum Biochemical Parameters

Prior to necropsy, blood was drawn from the inferior vena cava
using a syringe with a 24-gauge needle. One portion of the blood
was treated with ethylenediaminetetraacetic acid and analyzed
for total red blood cell count (RBC), hemoglobin concentration
(Hgb), hematocrit (Hct), mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), mean corpuscular he-
moglobin concentration (MCHC), platelet (PLT) count, total
white blood cell count (WBC), and differential leukocyte per-
centage (neutrophils (NEUT), lymphocytes (LYMPH), mono-
cytes (MONO), eosinophils (EOS), and basophils (BASO))
using a hematological autoanalyzer (MS9-5; Melet Schloesing
Lab., Osny, France). Another blood sample was treated with so-
dium citrate for blood clotting parameters prothrombin time
(PT) and activated partial thromboplastin time (APTT) using
an autocoagulation analyzer (Coapresta 2000; Sekisui Medical
Co,, Tokyo, Japan). Serum from one remaining blood sample was
obtained by centrifuging at 3,000 rpm for 10 minutes, and was
used for serum biochemical analysis. Alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline phosphatase
(ALP), glucose (GLU), blood urea nitrogen (BUN), creatinine
(Crea), total bilirubin (T-Bili), total cholesterol (T-Chol), tri-
glycerides (TG), total protein (TP), albumin (Alb), albumin/
globulin (A/G) ratio, phosphorus (P), and calcium (Ca) were
analyzed using a biochemistry autoanalyzer (Hitachi 7060; Hita-
chi, Tokyo, Japan).
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S-H Moon, et al. | Sub-acute toxicity of cervical cancer vaccines

Statistical Analysis

Statistical analysis was performed using SAS version 9.3 (SAS
Institute Inc., Cary, NC, USA). Data of body weight, organ
weight, and hematological and biochemical parameters in fe-
male mice exposed to vaccines for 5 weeks were expressed as
the mean + standard deviation, and were analyzed for homoge-
neity using Barlett’s test. Tests of significance between the four
groups were performed using Dunnett’s ¢-test after ANOVA for
homogeneous data or using the Kruskal-Wallis test for non-ho-

mogeneous data. A p-value of < 0.05 was considered significant.

Results

Clinical Signs, Mortality, and Effect on Body and Organ
Weight

There were no significant changes in body weight changes or
food consumption in any treated group compared to the control
group (Figure 1). As shown in Table 1, absolute and relative or-
gan weights did not show a significant change in any treated

group compared to the control group.
Hematological and Serum Biochemical Parameters

In the hematological analysis (RBC, Hgb, Het, MCV, MCH,
MCHC, PLT, and WBC), and differential leukocyte counting
(NUT, LYMPH, MONO, EOS, BASO), the treated groups
showed no significant changes compared to the control groups
(Table 2). The blood clotting parameters (PT and APTT) did
not show a significant difference between the control and treat-
ed groups (Table 2).

As shown in Table 3, serum biochemical analysis (ALT, AST,
ALP, GLU, BUN, Crea, T-Bili, T-Chol, TG, TP, Alb, P and Ca)
showed no significant difference between the control and treat-
ed groups. However, the A/G ratio in the vaccine-treated groups
G3 and G4 showed a significant decrease compared to G1.

Histopathological Effects

As shown in Table 4, repetitive muscular injection of vaccines
induced several histopathological signs, including mononuclear
cell infiltration and mineralization (myofiber). However, ani-
mals in the control group showed no symptoms at the site of in-
jection.

The histopathological effects on major organs (kidney, para-
thyroid gland, salivary gland, spleen, thyroid, efc.) were investi-
gated in G1 and G4 (Table 4). Several animals showed histo-
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Figure 1. Body weight changes (A) and food consumption (B) in female ICR mice treated with cervical cancer vaccines. Each group consisted of 15 animals,
and the results are expressed as mean=standard deviation for each group.

Duration on study (wk) Duration on study (wk)

Table 2. Hematological parameters in female ICR mice treated with cervical cancer vaccines

RBC indices Leucocyte differential counting (%)

s o e e (0 G0 LU
cells/ul) Y ) pg  dy  celsmy celisy  NUT LYMPHOMONO - EOS - BASO

a1 8.63(0.59) 13.6 (0.9) 44.8(3.9) 51.8 (1.9) 15.7 (0.6) 30.4 (1.2) 1,118 (99) 2.39(0.82) 16.2 (4.7) 79.9 (6.0) 3.2 (0.9) 0.3 (0.5) 0.1 (0.1) 9.9 (0.4) 20 (1.8)

G2 878(0.36) 136(0.4) 449 (26) 51.1(2.2) 15.5(0.5) 30.3(1.0) 1,167 (318) 2.53 (0.86) 15.5(4.8) 80.6 (6.1) 32 (1.1) 0.2 (0.3) 0.1 (0.1) 9.9(0.4) 38.3(17.6)

G3  868(0.92) 132(1.2) 43.7 (4.8) 50.4(2.5) 15.3(0.7) 30.3(1.5) 1,218 (204) 2.86 (1.13) 158 (3.8) 80.4 (4.8) 29 (0.4) 0.4(0.5) 0.1(0.1) 9.9(0.2) 25.1 (7.6)

G4 863(045) 13.4(0.7) 4.2 (27) 51.3(2.8) 15.5(0.6) 30.3 (1.4) 1,165 (424) 2.30 (0.69) 14.8 (4.1) B1.4 (4.8) 31 (0.7) 0.3 (0.6) 0.1 (0.1) 9.9(0.2) 26.9(11.0)

Values are expressed as mean (SD).

No. of animals in each group=10 female mice.

RBC, total red blood cell count; Hgb, hemoglobin concentration; Het, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean
corpuscular hemoglobin concentration; PLT, platelet; WBC, total white blood cell count; NUT, neutrophils; LYMPH, lymphocytes; MONO, monocytes; EOS, eosinophils;
BASO, basophils; PT, prothrombin time; APTT, activated partial thromboplastin time; G1, control group; G2, 1x10°® copies/animal; G3, 5x10° copies/animal; G4,
2.5x10° copies/animal.

Table 3. Biochemical parameters in female ICR mice treated with cervical cancer vaccines

Group ALT AST ALP GLU  BUN Crea T-Bili  T-Chol TG P Alb NG P Ca
U o UL  (mg/dl) (mg/l) (mg/dl)  (mg/dl) (mg/l) (mo/dl) (/L)  (g/dD) ratio (mg/dL)  (mg/dL)
G1 36.2(7.1) 54.8(7.9) 362.9(72.3) 174 (27) 19.8(3.2) 0.30(0.02) 0.12(0.02) 127 (32) 56 (18) 4.8(0.3) 1.7 (0.1) 0.56(0.03) 7.05(1.31) 9.2(0.2)
G2 34.9(7.4) 58.5(10.7) 334.0 (76.2) 166 (23) 18.8(2.2) 0.29(0.03) 0.10(0.02) 125 (1) 62(9 4.9(0.2 1.7(0.1) 0.54(0.02) 6.83(1.63) 9.2(0.3)
G3 457 (20.5) 57.7 (5.1) 341.3(65.7) 165(8) 18.3(2.8) 0.29(0.03) 0.11(0.02) 124 (19) 60(18) 5.0(0.2) 1.7 (0.1) 0.52(0.02)" 6.9 (0.98) 9.3 (0.3)
G4 385(4.9 62.9(7.0) 327.0(52.3) 166 (18) 20.0(3.3) 0.29(0.02) 0.11(0.02) 121 (25 56 (15 5.1(0.3) 1.7 (0.1) 0.50(0.03)" 7.38(1.17) 9.2(0.3)

Values are expressed as mean (SD).

No. of animals in each group =10 female mice.

ALT, Alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GLU, glucose; BUN, blood urea nitrogen; Crea, creatinine; T-Blili, total
bilirubin; T-Chol, total cholesterol; TG, triglycerides; TP, total protein; Alb, albumin; A/G ratio, albumin-globulin ratio; G1, control group; G2, 1x10° copies/animal; G3,
5x10° copies/animal; G4, 2.5x10° copies/animal.

*p<0.05 from G1 by Dunnett’s t-test, **p<0.01 from G2 by Dunnett’s t-test.

pathological effects, including cystic tubules in the kidney, ecto-
pic thymus in the parathyroid gland, cell infiltration in the sali-
vary gland, and extramedullary hematopoiesis in the spleen.
However, these effects were similar when comparing the G1
and G4 groups. In histopathological findings, the animal in G1
showed aplasia of the right uterus horn (Table 4).

Page 4 of 6

Discussion

Several vaccines targeting high- or low-risk HPV types have
been used to protect women from cervical cancer caused by
HPV infection. Vaccines have been reported to induce several
side effects, including muscle pain or tenderness, seizures, and
weakness in clinical trials [9]. Therefore, side effects of newly
developed vaccines must be evaluated for safe use of vaccines.
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Table 4. Histopathological effects at the injection site and in major organs
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e L Group
Organ/findings Clinical sign (t/n?)
G1 G2 G3 G4
Injection sites Cell infiltration, mononuclear 0/10 7110 6/10 6/10
Mineralization, myofiber 0/10 010 0/10 210
Kidney Cystic tubules, cortical 110 - - 0/10
Liver 0/10 - - 0/10
Parathyroid Ectopic thymus 01/09 - - 0/7
Salivary gland, submandibular  Cell infiltration, lymphocytic, focal 01/10 - - 0/10
Spleen Extramedullary hematopoiesis 10/10 - - 9/10
Thyroid Dilatation, follicular, 110 - - 0/10
focal Ectopic thymus 01/10 - - 110
Uterus Aplasia, right horn 0/10 (1717 - 0/10

G1, control group; G2, 1x108 copies/animal; G3, 5x108 copies/animal; G4, 2.5x10° copies/animal.
“No. of animals with signs of toxicity divided by no. of examined animals; "Histopathological effects in one animal shown aplasia in uterus aplasia by necropsy.

We developed two new vaccines (Ac-HERV-16-58-18 L1 and
Ac-HERV-LAMPss-E6E7) for cervical intraepithelial neoplasia
grade 2/3 (CIN2 and CIN3). Two recombinant baculovirus
constructs, AccHERV-16-58-18 L1 and Ac-HERV-LAMPss-
EGE7, deliver the HERV env and HPV16/58/18 L1 genes and
HPV16 E6/E7 to allow transduction of the HPV16/58/18 L1
gene and the HPV16 E6/E7, respectively. In this study, we eval-
uated the sub-acute toxic effects of the vaccines targeting HPV
16/58/18 and HPV 16. Female ICR mice were treated with a
1:1 mixture of two vaccines (Ac-HERV-16-58-18 L1 and Ac-
HERV-LAMPss-E6E7) by repetitive muscular injection once a
week for § weeks.

Female mice exposed to low; middle, and high doses (1x 10°,
5% 10% and 2.5 x 10° copies/animal) cervical cancer vaccine did
not show mortality, morbidity, or clinical signs (data not shown).

In serum biochemical parameters, only the A/G ratio showed
a significant change in all treated groups compared to the con-
trol group (Table 3). In some biochemical parameters related to
liver (ALT, AST, ALP, and T-Bili) and kidney (BUN, Crea, and
T-Bili) function, vaccines did not induce a significant change in
the vaccine-treated groups. In addition, in urinalysis (data not
shown), necropsy (data not shown), and histopathological ef-
fects (Table 4) in the kidney and liver, the vaccines had no dis-
tinct toxic symptoms. Therefore, we suggest that the tested vac-
cines may not induce any toxic responses in the kidney and liver
function. The two major proteins in blood, albumin and globu-
lin, are produced in the liver. In this study, the tested vaccines
did not show any changes in albumin level (Table 3). However,
the A/G ratio was significantly decreased in a dose-dependent
manner. We suggest that the decrease in the A/G ratio was due
to the response to elevated globulins. Although the A/G ratio is
not a specific marker for disease, it has been used as an index of

disease state. In particular, a decrease in the A/G ratio due to in-

http://e-ehtorg/

creased globulin can be induced by some inflammatory diseas-
es, multiple myeloma, collagen disease, and rheumatoid arthritis
(http://labtestsonline.org/understanding/analytes/tp/tab/
test/). However, although the A/G ratio was significantly de-
creased in a dose-dependent manner, all values were within nor-
mal ranges (0.52-0.62 in ICR mice of 11-12 weeks). In addition,
the related pathological symptoms were not present in all treat-
ed groups. Therefore, we suggest that the decrease in the A/G
ratio in this study may not be considered non-adverse.

Muscular injection of vaccines has been reported to induce
mild to moderate injection site symptoms, such as redness,
bruising, itching, swelling, pain, and cellulitis [9]. In this study,
several female mice exposed to vaccines showed mononuclear
cell infiltration at the injection site in all treated groups. In addi-
tion, two of 10 mice exposed to high-dose vaccines showed
myofiber mineralization. However, because these symptoms
could be disappeared and recovered according to stop of injec-
tion, we suggest that it could not be considered to be toxic effect
to be maintained continuously by vaccine injection.

Some examined animals in the control group showed histo-
pathological effects, such as cystic tubules in the kidney cortex,
ectopic thymus in the parathyroid gland, cell infiltration, lym-
phocytic, focal in salivary gland, dilation, follicular, ectopic thy-
mus in thyroid. However, only one animal exposed to vaccines
showed focal ectopic thymus in the thyroid gland, and other
histopathological effects were not present in female mice of G1
and G4. In addition, extramedullary hematopoiesis in the spleen
was found in both control and high-dose groups (Table 4). Ex-
tramedullary hematopoiesis is the normal response during fetal
development and can induce an increase in spleen size [17]. In
the control and all treated groups, the absolute and relative
weight of the spleen did not show any changes (Table 1). Chun-
duri et al. [ 18] also reported that extramedullary hematopoiesis
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can be caused by pathologic processes, such as pulmonary my-
elofibrosis. However, in this study, all female mice in the control
and vaccine-treated groups did not show the related pathologic
symptoms. Therefore, the histopathological effects may not be
a toxic response caused by vaccine injection.

In conclusion, vaccines targeting high-risk HPV types 16, 58,
and 18 did not show any toxicological symptoms for body
weight, absolute/relative organ weight, hematological/bio-
chemical parameters, or histopathological parameters in any
treated group. In addition, 2.5 x 10° copies/animal, high expo-
sure dose tested in this study was more than 8,300 fold of ex-
pected clinical injection dose, 1x 10" copies/human. There-
fore, the tested vaccines may not induce toxic signs at the ex-
pected clinical injection dose. Finally, we suggest that the NO-
AEL of the vaccine following repetitive intramuscular injection
for S weeks is >2.5 x 10° copies/animal.
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