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Abstract

We have previously prepared a prokaryotic expressed TNF-α mutant which exhibited a higher 

anti-tumor activity and a lower systemic toxicity compared with that of wild type TNF-α in both 

syngeneic murine tumor models and human tumor xenografts models. For its clinical use as an 

anti-tumor agent, we evaluate repeated dose toxicity, anaphylaxis, genetic toxicity, 

pharmacokinetic and metabolism in different animals according to the criteria for biological 

Investigational New Drug (IND) application. It was found to be safe at a dose of 4×106 IU/kg/day 

for 60 days after administration in rhesus monkeys but the TNF-α antibody level and liver toxicity 

needed to be monitored. No systemic anaphylaxis or genetic toxicity were found and the 

pharmacokinetic characteristics of the rmhTNF-α were suited for clinical use. Over 96.3% of 

rmhTNF-α could be reclaimed from the urine and feces in 24 hours after administration, which 

indicated the main excretion route. The results proved the characteristics of this rmhTNF-α 

satisfied clinical trial requirements. The related positive clinical trial results will be reported in 

future. This study of novel rmhTNF-α is of considerable importance, not only given the proven 

usefulness of TNF-α local application therapies under ILP (Isolated Limp Perfusion) and IHP 

(Isolated Hepatic Perfusion) conditions for selected indications, but also implicated for systemic 

application of TNF-α.
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Introduction

Tumor necrosis factor alpha (TNF-α, cachectin) is a pleiotropic cytokine with a variety of 

biological activities, including cytotoxicity, immune cell proliferation, and mediation of 

inflammatory responses[1]. By means of receptor-dependent apoptosis or receptor-

independent cytotoxic activity, TNF-α can inhibit a wide range of human and murine tumor 

cell lines and also tumor microvasculature endothelial cells in vivo and in vitro[2–6]. In 

1975, Dr. Old’s research group isolated this cytokine as a serum factor, the remarkable 

ability of TNF-α, especially in combination with interferon, mediates hemorrhagic necrosis 

of certain tumors to an extent that is so far unmatched by any other cytokine[7–11]. 

Unfortunately, as TNF-α has also been implicated in various functions in immune and 

inflammatory responses, its clinical use for systemic treatment is limited by 

proinflammatory side effects, including fever, dose-limiting hypotension, hepatotoxicity, 

intravascular thrombosis, and hemorrhage. Clinical trials in cancer patients estimated that a 

TNF-α dose would be effective at only 5–25 times the maximum tolerated dose[12–15].

Various strategies, such as small molecule IAP (inhibitor of apoptosis) antagonists 

synergism, prodrugs and local application (isolated limb or hepatic perfusion), have been 

pursued to minimize the systemic toxicities of TNF-α, to increase TNF-α sensitivity and 

availability in tumor cells, and therefore to increase the therapeutic index[16–20]. A 

promising approach to achieve these aims is to design clinically applicable TNF-α mutants 

with low systemic toxicity and high efficiency and it has been of great interest[21–25]. 

Based on these works, we prepared a TNF-α mutant (recombinant mutated human TNF-α; 

rmhTNF-α) by deleting the first seven amino-acids at the N-terminal, replacing Pro 8, Ser 9 

and Asp 10 with Arg 8, Lys 9 and Arg 10, and at the C terminal, Leu 157 with Phe 157. The 

potential clinical application is promising because of the much higher anti-tumor effects and 

at least 50 times higher LD50 (50% lethal dose) of this prokaryotic expressed rmhTNF-α 

than native TNF-α on several different syngeneic murine tumors and human tumor 

xenografts in nude mice[26].

For further study and potential clinical application, repeated dose toxicity, anaphylaxis, 

genetic toxicity, pharmacokinetic and metabolism of this mutant rmhTNF-α are investigated 

here in rodents and primates. The results in this paper and interrelated studies satisfied the 

requirements of later clinical trials. The studies of novel rmhTNF-α with low systemic 

toxicity and high efficiency is of considerable importance, not only given the proven 

usefulness of TNF-α local application therapies under ILP (Isolated Limp Perfusion) and 

IHP (Isolated Hepatic Perfusion) conditions for selected indications, but also implicated for 

systemic application of TNF-α.

Materials and Methods

Test article

The TNF-α mutant (recombinant mutated human TNF-α; rmhTNF-α) was prepared by 

protein engineering[26]. The rmhTNF-α was purified to 97.5% by high-performance liquid 

chromatography (HPLC) with a 0.1–1.2×109 IU/mg bioactivity estimated by standard 
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procedures on the mouse fibroblast cell line L929, formulated with 3% mannitol, sterilized 

and lyophilized meeting regulatory requirements for pre-clinical studies.

Animals

ICR mice were 8–12 weeks old and weighed between 18–22 gm. Sprague-Dawley rats were 

approximately 6 weeks old and weighed about 220 gm. New Zealand white rabbits were 13–

17 weeks old and weighed between 2.4 and 3.6 kg. Guinea pigs were 8–10 weeks old and 

with an average body weight of 260 gm. Rhesus monkeys, Macaca Speciosa Thibetanas 

Milne-Edwards, 3–5 years old and weighed between 4–6 kg. All of the rodents were 

purchased from Experimental Animal Center of Lanzhou Medical University (Lanzhou, 

China). The rhesus monkeys were purchased from Medical Science Experimental Animal 

institute of Sichuan (Chengdu, China).

The animals were maintained in an air-conditioned barrier-system animal room with an 

ambient temperature of 25±2°C, a relative humidity of 50±10%, and a 12 hrs on/off light 

cycle. All the animals were treated humanely, and the study protocols were in accordance 

with the Regulations of Good Laboratory Practice for nonclinical laboratory studies of drugs 

issued by the National Scientific and Technologic Committee of People’s Repubilc of 

China.

Repeat dose toxicity

10 female and 10 male rhesus monkeys were grouped to receive three doses of rmhTNF-α 

(2×105, 2×106 and 4×106 IU/kg/day for 60 days, i.m., which were 5, 50 and 100 times 

higher than the clinical dose for adults). TNF-α at 4×106 IU/kg/day and saline were used as 

controls. The general condition and behavior of all animals were checked daily. The 

following parameters were evaluated at day 7, 14, 30, and 60: general signs, food 

consumption, body weight, EKG, ophthalmology, hematology, hemostasis, clinical 

chemistry, urinalysis and anti-TNF antibody level. After 60 days, half of the experimental 

animals were sacrificed for necropsy. The remaining were raised for another 28 days for 

further observation and then underwent autopsy.

Local tolerance studies and Sensitization response

Local muscular irritation of rmhTNF-α was evaluated after a single i.m. dose in 4 New 

Zealand white rabbits (2 males and 2 females). The dose of 4×106 IU/kg rmhTNF-α (1 ml) 

was injected into the right thigh muscle of the rabbits, and saline as the negative control was 

injected into the corresponding muscle of the left leg. The animals were sacrificed for 

necropsy at 48 hrs after administration, and the muscles of injection sites were examined 

macroscopically and on histopathology.

Twelve guinea pigs received 2.5×105 IU/pig rmhTNF-α i.m. every two days for 3 times. As 

a challenge, 5×105 IU rmhTNF-α were administered intravenously 14 days later (n=6) or 21 

days later (n=6). Saline and bovine serum albumin (BSA, 5 mg/pig/time, 10 mg/pig 

challenge) were used as blank and positive controls. Hypersensitivity responses, such as 

cough, dyspnea, spasm and even death, were monitored daily and recorded.
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Genetic toxicity

Bacterial reverse mutation tests (Ames assay)—The mutagenic activity of 

rmhTNF-α was assessed in 4 Salmonella typhimurium mutant strains, TA97, TA98, TA100 

and TA102. A serial dilution of rmhTNF-α were prepared and tested at five concentrations 

ranging from 5×105 IU, 2.5×106 IU, 5×106 IU, 2.5×107 IU, 5×107 IU, 5×108 IU for each 

plate. Negative (sterile water) and positive controls (2-aminofluorene, daunorubicin, MMS 

and 1, 8-dihydroxyanthraquinone) were run simultaneously with the test. Reverse mutation 

clones were counted and every sample was made in triplicate.

Bone marrow micronucleus assay—The activity of rmhTNF-α to induce bone 

marrow micronucleus was assessed in ICR strain mice. The first three groups (6 mice/group) 

received rmhTNF-α by intramuscular injection at the doses of 3.5×108, 0.7×108 to 0.14×108 

IU/kg. Saline and cyclophosphamide (CPA, 30 mg/kg) were used as negative and positive 

controls. 48 hrs later, the animals were sacrificed and the thighbone marrow cells were 

analyzed following methanol fixing and Giemsa staining. The frequency of micronuclei was 

counted based on an examination of 1000 polychromatic erythrocytes (PCE) for every 

mouse.

Chromosome aberration assay—The potential of rmhTNF-α to induce chromosome 

aberrations was tested in cultured Chinese hamster lung (CHL) cells. rmhTNF-α ranging 

from 3125, 6250, 12500, 25000, 50000 IU/ml were applied to CHL cells 46 hrs. After 

colcemid arresting, methanol fixing and Giemsa staining, the percentage of CHL cells with 

chromosome aberrations was determined by examining 100 cells on every slide.

Teratogenicity test—3 doses of rmhTNF-α (2.5×108 IU/kg, 0.5×108 IU /kg and 0.1×108 

IU /kg, i.m.) were injected into three cohorts of pregnant rats (20 animal/cohort) on the 6th 

and 15th day after of pregnancy. Normal saline and N, N′-methylenebis (1mg/kg) were used 

as negative and positive controls respectively. On the 19th day of pregnancy, exterior 

examination and skeleton examination of all fetuses were done after euthanasia.

Pharmacokinetic studies in mice with radioactive labeled rmhTNF-α

rmhTNF-α was labeled with iodine-125 and purified by S-200 exclusion chromatography 

(AKTA explorer; Amersham Pharmacia Biotech). [125I]-rmhTNF-α reaction product was 

determined to have high radiochemical purity (>95%) and specific radioactivity of 43 

μCi/μg with 1×109 IU/mg bioactivity which was estimated by standard procedures on L929.

ICR mice were grouped to receive 3 doses of [125I]-rmhTNF-α (10, 20, and 40 μg/kg, i.m.). 

Every mouse received a single intraperitoneal dose of 0.2 ml NaI (100mg/ml) before 

administration. Another group received intravenous dose of [125I]-rmhTNF-α at 

concentrations of 10 μg/kg. Blood samples were collected from replicate animals (n=4, 2 

males and 2 females) in each group at time points of 0.25, 0.5, 1, 2, 3, 4, 6, 8, 16 hrs after 

injection via the fossa orbitalis and the serum was divided. Each serum sample (10 μl) was 

applied to a SECS3000 chromatography column (PHenomenex, Torrance, CA, USA) and 

eluted with 0.05 M phosphate buffer, pH 6.9, at a flow rate of 1 ml/min in SP100 HPLC 

system (SIELC Technologies, Prospect Heights, IL, USA). The radioactivity of collected 
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fractions within settled time was quantified in duplicate by LS 6500 liquid scintillation 

spectrophotometer (Beckman Instruments Inc., Fullerton, CA, USA). The [125I]-content of 

each sample was adjusted for sample volume and the concentration of prototype rmhTNF-α 

in each samples were determined according to the radioactivity-concentration standard 

curve.

Pharmacokinetic studies in rhesus monkeys with ELISA

4 rhesus (2 females and 2 males) monkeys received a single i.m. administration of rmhTNF-

α (dissolved in PBS) at a dose of 40 μg/kg. Blood samples were collected at time points of 

1, 2, 3, 4, 6, 8, 10 hrs post-dosing via the hind limb saphenous vein and the serum was 

divided.

Two TNF-α mouse-monoclonal antibodies against different epitopes (kindly given by the 

Immunology Department, the Fourth Military Medical University, Xi’an, China) were used 

as capture and detecting antibody. HRP (horse radish peroxidase) labeled anti-mouse IgG 

(Biotec, Dalian, China) and ABTS system (Sigma, USA) were used to develop the reaction 

with a Bio-Rad ELISA reader (450 nm). The concentrations of rmhTNF-α in serum samples 

were determined according to the absorbance and concerted standard curve.

Tissue distribution and metabolism studies

For tissue distribution and metabolism studies, ICR mice were housed in metabolic cage 

units with free access to food and water. Urine and feces were collected. Each mouse 

received [125I]-rmhTNF-α administration (10 μg/kg, i.m.) after a single intraperitoneal 

dosing of 0.2 ml NaI (100mg/ml, i.p.). At 0.5, 1, 2, 3 and 8 hrs post-dosing, animals (n = 6 

per time point) were euthanized, and blood samples and selected tissues were collected. 100 

mg of every selected tissues (brain, heart, kidneys, liver, spleen, lung, stomach, intestine, 

muscle, grease, ovaries, womb, testicles) was homogenized to yield serum (the actual weight 

was recorded if it did not reach 100 mg). The radioactivity of 20 μl of serum was quantified 

in duplicate by liquid scintillation spectrophotometer. The radioactivity of urine and feces 

collected over the following periods: 0–2, 2–4, 4–8, 8–12 and 12–24 hrs post-dosing (n=4, 2 

males and 2 females) were quantified with same method. The corresponding quantity of 

prototype rmhTNF-α were decided by radioactivity and radioactivity-concentration standard 

curve.

Statistical analysis

The Student’s t -test was used to determine the significance between each experimental 

group according to DAS software developed by the Chinese Society of Pharmacology 

(Beijing, China). The difference was considered statistically significant when P<0.05.

Results

Repeated-dose toxicity study in monkey

As same as the former results[26], all monkeys in the TNF-α treatment group had severe 

edema in the perineum, abdomen and extremitas inferiors, however, only two monkeys in 

rmhTNF-α cohorts had minimal edema in perineum and eyelids. The edema of all animal 
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disappeared after the 28 days of recovery. From the results of the hematological tests and 

clinical chemical analyses, the decline of erythrocyte, hemoglobin, leukocyte blood disk, 

albumin and creatinine plasma levels were found in TNF-α treatment group (P<0.05) but not 

in three rmhTNF-α groups. Neither rmhTNF-α at various doses nor TNF-α had negative 

effects on the monkeys’ blood pressure and heart rate. No abnormalities were observed in 

routine urinalysis of every cohort.

Either rmhTNF-α or TNF-α treatment animals showed high level of TNF-α antibody during 

the 15th through 30th day of administration (Fig.1). With the treatment ceasing, antibody 

response recovered without additional care. Inflammatory cell infiltration and mild atrophy 

at the center of the liver, mild colitis, enteritis, inflammation in pulmonary interstitial, mild 

gliocyte hyperplasia and striated muscle necrosis of injection site were found in TNF-α 

treatment animals’ autopsy. Only mild inflammatory cell infiltration at the center of the liver 

was found in rmhTNF-α cohorts.

Local tolerance studies and Sensitization response

There were no hyperemia, hydropsia, necrosis and treatment-related clinical or 

histopathology findings at injection site in rabbits. There were no symptoms of allergic 

response in the guinea pigs receiving systemic administration of rmhTNF-α. The positive 

control, BSA, caused cough, spasm, tic, shock and even death in guinea pigs.

Genetic toxicity

The results of rmhTNF-α did not show any significant difference from that of saline in ames 

test (Table 1), bone marrow micronulecus assay (Fig. 2) or chromosome aberration assay 

(Fig. 3), indicating no genetic toxicity were found in vitro. In the teratogenicity tests, no 

fetal malformations such as umbilical hernia, tail absence, limb inversion, limb eversion 

which appeared in the methylenebis treated cohort were found. There were also no 

abnormalities seen in the skeletal development of these fetuses compared to the 39.4% 

malformation rate for methylenebis treatment (P<0.01).

RmhTNF-α Serum pharmacokinetics in mice

Concentration-versus-time datas of i.m. administrations, as derived from radioactivity 

measurements, were fitted to a one-compartment pharmacokinetic model. Datas of i.v. 

administration was fitted to a two-compartment pharmacokinetic model. According to the 

concentration change with time (Fig. 4), the rmhTNF-α could rapidly enter into circulation 

and the maximum serum concentration of rmhTNF-α could be reached in 0.5 hr. 

Pharmacokinetic parameter estimates, as shown in Table 2, were derived using WinNonLin 

5.0.1 (Pharsight Corporation, Cary, NC). Systemic clearance (CL) and area under serum 

concentration-time curve (AUC) of i.m. administration show marked differences relative to 

i.v. Compared with intravenous administration, the absolute bioavailability of intramuscular 

administration of rmhTNF was 0.211.

RmhTNF-α Serum pharmacokinetics in Rhesus monkeys

The time for rmhTNF-α to reach its maximum serum concentration after administration 

differed greatly among monkeys. The average time was 1.7 hour. The maximum serum 
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concentrations of the animals ranged from 575 to 1120 pg/ml which also varied greatly (Fig. 

5). The elimination of rmhTNF-α in rhesus monkeys was also evaluated with the one-

compartment model. The average half life in circulation was 1.9 hour (Table 3).

Tissue distribution and metabolism studies

According to the tissue distribution results (Fig. 6), rmhTNF-α could enter different tissues 

rapidly in half an hour after intramuscular administration. Except in serum, the drug 

concentration in the kidney was the highest compared to other tissues. The drug 

concentration was lowest in the brain. The stomach and intestine also showed rmhTNF-α 

distribution. The rmhTNF-α was mainly renally excreted and 86.8% of the prototype 

reagent could be reclaimed in urine 24 hrs after administration (Table 4). With 9.5% 

rmhTNF-α reclaimed in feces, the total amount could reach 96.3% in 24 hrs, which indicates 

the metabolism route of the rmhTNF-α.

Discussion

Designing a clinically relevant TNF-α mutant with low systemic toxicity and high anti-

tumor activity has been of intense pharmacological interest in the past two decades[20–25]. 

Human TNF-α, which binds to the murine TNF receptor 55 (TNF-R55, 55kDa) but not to 

the murine TNF receptor 75 (TNF-R75, 75kDa) exhibits retained antitumor activity and 

reduced systemic toxicity in mice compared to that of murine TNF-α, which binds to both 

murine TNF receptors[27,28]. Based on these results, many TNF-α mutants that selectively 

bind to TNF-R55 have been designed[22,29]. Nevertheless, TNF-R55, apart from its death 

domain which indicates the apoptosis, also can induce NF-kappa B activation especially in 

the presence of high concentrations of the TNF Receptor Associated Factor 2 (TRAF 2), as 

such activating the expression of pro-inflammatory genes which indicates its great side 

effect profile for treatment[30,31]. At the same time, NF-kappa B activation can impair the 

TNF-α induced apoptosis in cancer cells[32]. A TNF-α mutant that preferentially binds to 

TNF-R55 developed serious systemic toxicity in baboons and several observations that 

TNF-R75 induce the expressing cells apoptosis independent of TNF-R55 suggests that the 

role of TNF receptors in the TNF-α treatment is multiple and needs to be investigated 

further[5,29,33,34].

As the complicated functions of TNF receptors and even the receptor-independent cytotoxic 

activity of TNF-α by ion channels formation[35], the design of our rmhTNF-α is not based 

on receptor selective binding ability but on the fact that the increased basicity on the N-

terminal can significantly increase the cytotoxicity of the TNF-α on tumor cells and 

previous studies about TNF-α mutants[25,36,37]. The N- and C-terminus were all 

reconstructed by protein engineering, the resulting rmhTNF-α had a clearly higher anti-

tumor effect than TNF-α on mouse S180 sarcoma, H22 liver carcinoma, B16 melanoma 

xenografts in mice[26]. This rmhTNF-α has no preferential TNF-R55 binding selection. 

Between the rmhTNF-α resistant and sensitive tumor cell lines, there was no difference in 

TNF-R55 expression levels but a significant difference was seen in the activation of NF-

kappa B[38]. We hypothesized that the mechanism of action of rmhTNF-α has no 
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relationship with the binding ability of TNF-R55, but it may be correlated with the signaling 

pathway of NF-kappa B. This hypothesis is currently being studied.

For translating this rmhTNF-α into the clinic, we conducted pre-clinical safety studies in 

this paper. In repeated-dose toxicity study, the edema and liver toxicity induced by rmhTNF-

α in monkeys were much lower than wild type TNF-α, which was consistent with former 

results. The lower edema induction of rmhTNF-α maybe correlated to the mutation 

enhancing the function of lectin-like domain of TNF-α. This could activate sodium transport 

in alveolar epithelial cells, peritoneal macrophages and microvascular endothelial cells, thus 

activated edema reabsorption in situ[39]. Although the clinical chemical analyses showed 

the liver toxicity only in the TNF-α treatment cohort but not in the rmhTNF-α cohorts, a 

little inflammatory cell infiltration was found at the center of liver after necropsy. Liver 

toxicity should still be noted during clinical use.

Induced antibody development is an inevitable problem in the development of biological 

products and there are no effective methods for control. Every dose of rmhTNF-α or TNF-α 

could induce high levels of TNF-α antibodies in monkey after 30 days of treatments. The 

development of antibodies will decrease the efficacy of the reagents and may elicit 

anaphylaxis in hosts. Fortunately, the antibody levels decreased with treatment. It could not 

be detected in some animals after 60 days of administration. These results support continued 

monitoring of TNF antibody levels during the treatment and cessation should be considered 

if the antibody levels are too high.

The pharmacokinetics of rmhTNF-α was studied in mice or monkeys. The maximum serum 

concentration of rmhTNF-α could be reached in 0.5 hr after intramuscular administration 

and the half-life was about 1 hr in mice which was not lower than i.v. administration. These 

two times were all prolonged to 1.7 hr and 1.9 hr in monkey, which indicated the longer 

functional time of rmhTNF-α in primate animals. The bio-distribution of rmhTNF-α 

accorded with normal biological products, and the clearance route is mainly renal. In both 

mice and monkey, over 95% of rmhTNF-α could be reclaimed from the urine and feces in 

24 hrs after administration, which indicated the main excretion route.

After the pre-clinical study of rmhTNF-α satisfied clinical trial requirements, we conducted 

phase 1, phase 2 clinical tolerance and efficiency studies in five hospitals in China approved 

by Ministry of Health of the People’s Republic of China and State Food and Drug 

Administration. At the single doses ranging from 2.5×105 to 4×106 IU/m2/day, rmhTNF-α 

could be well tolerated with mild side effects, such as fever, fatigue, muscle soreness and 

anorexia. Compared with the maximum TNF-α dose (1×106 IU/m2/day) recommended by 

previous references, the tolerance dose of rmhTNF-α was 4 times higher than TNF-α in 

tumor patients. The overall response rate of rmhTNF-α and chemotherapy combination in 

lung cancer patients is 48.71% (CR+PR, p<0.01). We will report these results in future.

In summary, this prokaryotic expressed recombinant mutated human TNF-α (rmhTNF-α) 

has lower toxicity and higher efficacy in anti-tumor treatments than TNF-α. The pre-clinical 

animal studies promised it’s clinical trial worth and safety. In addition, TNF-α exerts anti-

tumor effects by inducing apoptosis in not only tumor cells but also in endothelial cells in 
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the microvasculature of tumors. To increase the therapeutic index of the rmhTNF-α, we 

coupled integrin αvß3 targeted RGD4C peptide to the N-terminal of rmhTNF-α. This 

RGD4C-rmhTNF-α fusion protein has tumor-specific delivery ability[40]. This paper can 

also give us more insight into the development of the RGD4C-rmhTNF-α or other TNF-α 

mutants as anti-cancer reagents.
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Fig.1. 
Changes of TNF-α antibody level in monkeys’ serum with rmhTNF-α or TNF-α treatments 

in repeated-dose toxicity study. Five cohorts of rhesus monkeys (2 females and 2 males for 

every cohorts) were treated with saline (S), TNF-α at 4×106 IU/kg/day (TNF), rmhTNF-α at 

4×106 IU/kg/day (rmh-h), rmhTNF-α at 2×106 IU/kg/day (rmh-m) or rmhTNF-α at 2×105 

IU/kg/day (rmh-s) for 60 days respectively. The serum TNF-α antibody elicited by 

treatments were tested using Sandwich ELISA assay before initial dose, after 7, 15, 30, 60 

days treatments and 28 days recovery period. Either TNF-α or rmhTNF-α (at every dose) 

aroused immunoreaction after 30 days treatments. The peak levels of the rmhTNF-α and 

TNF-α antibody in animal serum appeared during the 15th through 30th day of 

administration. The antibody level decreased with the process of treatments. After 28 days 

recovery, only very low antibody level could be detected in one monkey in rmh-s cohort.
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Fig.2. 
Frequency of micronuclei in mouse polychromatic erythrocytes after rmhTNF-α treatments 

(0/00). Activity of rmhTNF-α to induce bone marrow micronucleus was assessed in ICR 

mice. Three groups (6 mice/group) received 3.5×108, 0.7×108 to 0.14×108 IU/kg i.m. 

administrations of rmhTNF-α respectively. Saline and cyclophosphamide (CPA, 30 mg/kg) 

were used as negative and positive controls. 48 hrs later, the animals were sacrificed and the 

thighbone marrow cells were analyzed following methanol fixing and Giemsa staining. The 

frequency of micronuclei was counted based on an examination of 1000 polychromatic 

erythrocytes (PCE) for every mouse. The results did not show any significant difference 

between rmhTNF-α and saline cohorts (P>0.05) which indicated no micronuclei inducing 

toxicity for rmhTNF-α in mice.
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Fig.3. 
Percentage of Chinese hamster lung (CHL) cells with chromosome aberrations induced by 

rmhTNF-α (*P<0.01). MC: mitomycin C, CPA: Cyclophosphamide. The highest doses of 

rmhTNF-α, the doses of MC and CPA used in this experiment were 50% LD50 (the median 

lethal dose) of every reagent against CHL cells. There were no significant differences 

between rmhTNF-α groups and saline. MC and CPA used as positive controls had over 

twenty times toxicities than rmhTNF-α and saline.
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Fig.4. 
Serum concentration time-course of three intramuscular doses (10, 20, and 40 μg/kg) or one 

intravenous dose (10 μg/kg) of [125I]-rmhTNF-α administration in mice. Serum from 

replicate animals (n=4) in each group were collected at time points of 0.25, 0.5, 1, 2, 3, 4, 6, 

8, 16 hrs post-dosing. The radioactivity of serum samples (after HPLC purification) were 

quantified in duplicate by liquid scintillation spectrophotometer. The concentration of 

prototype rmhTNF-α in each samples were determined according to the radioactivity-

concentration standard curve. pharmacokinetic profiles characterized by rapid tissue 

distribution and the maximum serum concentration of rmhTNF-α could be reached in 0.5 hr 

in case of intramuscular doses.
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Fig.5. 
Serum concentration time-course of rmhTNF-α (40μg/kg, i.m.) in rhesus monkey. 4 rhesus 

(2 females and 2 males) monkeys received a single i.m. administration of rmhTNF-α 

(dissolved in PBS) at a dose of 40 ug/kg. Blood samples were collected at time points of 1, 

2, 3, 4, 6, 8, 10 hrs post-dosing via the hind limb saphenous vein and the serum was divided. 

The concentrations of rmhTNF-α in serum samples were determined by ELISA. The time 

for rmhTNF-α to reach its maximum serum concentration after administration differed 

greatly among monkeys. The average time was 1.7 hrs. The maximum serum concentrations 

of the animals ranged from 575 to 1120 pg/ml which also varied greatly (Supplement 

Figure). The elimination of rmhTNF-α in rhesus monkeys was also evaluated with the one-

compartment model. The average half life in circulation was 1.9 hrs.
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Fig.6. 
Tissue distribution profiles following one intramuscular doses of [125I]-rmhTNF-α 

(10μg/kg) in mice. Blood and selected tissues (100 mg for every kind)were collected at 0.5, 

1, 2, 3 and 8 hrs post-dosing (n = 6 per time point). The radioactivity of 20 μl serum of every 

selected tissues (yielded by homogenizing) was quantified in duplicate by liquid scintillation 

spectrophotometer. The corresponding quantity of prototype rmhTNF-α in tissue were 

decided by radioactivity and radioactivity-concentration standard curve. Except in serum, 

the drug concentration in the kidney was the highest compared to other tissues. The drug 

concentration was lowest in the brain. There were also comparatively high distribution in 

lung, liver, and intestine.
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