
PK and PD of mAb 
 



Antibodies are naturally occurring  

Discovery of their innate properties hinted at great 

therapeutic potential  

High-specificity in binding 

Already present in the body 

Can activate and couple components of the immune 

system 

Modification to structure and refinement in 

production methods have made antibodies a viable 

modern drug 



 

Ig have a MW 150-200 kDa, exception the pentameric 

IgM, 970 kDa.  

 

Physiological Ab have 2 identical heavy and long chains 

and 2 identical lighy and short chains (H and L chains).  

 

The chains has held together by disulphide bridges and 

may be glycosylated.  

 

L-chain= 220 aa, two types: lambda and k-chains.  

 

H chain=450-550 aa, 5 types: gamma in IgG, alpha in 
IgA, delta in IgD, mu in IgM and epsilon in IgE 

Chemical structure 



Thus the different classes of human Ig differ in the 

structure of the heavy chain, the number and localization 

of the disulfide bridges and the glycosylation pattern.  



IgG: represents the most important class of immunoglobulins 

(serum conc. 12 mg/mL).  

 

IgG have the lowest MW.  

 

Due to difference in chemical structure 4 subclasses can be 

distinguished: G1, G2, G3 and 4.  

 

IgG has the longest half-life (21 d), with exception of G3 (7 d). 

IgG are detected 3 weeks later primary exposure to antigens. 

If these antigens appear in the body for a second time, IgG will 

be produced more rapidly and in larger amounts to eliminate 

the antigens.  

 

The IgGs (exception for G2), are the only that cross the 

placental barrier (maternal immunity of the fetus). This 

protection is lost three months after birth due to catabolism of 

the maternal molecules.  



Endings tend to crystallize, called "fragment crystallizable" 

Fc, responsible of:  

 

-binding to cytotoxic immune cells,  

-activation of the complement system,  

-the passage of the placenta,  

-the catabolism of an ab.  

 
FV-region 

FC-region 



The antigen binding fragment (Fab) is located where H and L 

chains are linked by both covalent bindings (disulfide bridge) 

and noncovalent bindings.  

 

At the end of this part there is a region in both L-chain and 

H-chain which is variable, the so-called Fv region.  

 

FV-region 

FC-region 

Fab 
Fab interact with the epitope 
(antigen):  
 

Hydrogen bonding 
Van der Waals forces 
Ionic interactions 

 



Within the Fv region special hypervariable 

sequences of aa, the complementary-

determining regions (CDR), are responsible for 

the huge differentiation of Abs as they vary in 

each immunoglobulin in both length and 

sequence.  

FV-region 

FC-region 

CDR 

The CDRs are necessary 
for antigen binding; 
 
The tertiary structure of this 
region can contain pockets, 
undulating flatter surfaces, 
and even protrusions; 
 
Small antigens typically 
bind in deep pockets 



PK: pharmacokinetics 



 

-Absorption 

 
mAbs display different PK characteristics, including 

non linear PK behavior.  

 
Due to high molecular mass the majority of Abs approved are 

administered by IV---maximum concentration in serum are 

rapidly observed.  

 

Disavantages: inconvenient route (hospitalization), time and 

cost consuming means of administration. 

  

Alternatives: SC and IM (table 3.4).  



The absorption after SC or IM is lymphatic system.  

 

As the flow rate of lymphatic system is low, mAbs are 

absorbed over a long time period after administration.  

 

Disavantages: injection of volume is limited, 2-2.5 ml for 

SC and 4.5-5 ml for IM.  

 

 

 

 



Distribution 
 

Distribution in the body is poor. 

Limiting factors are the high molecular 

mass and hydrophilicity/polarity.  







Distribution 
 

Permeation across the cells or tissues is done by trans-

cellular or para-cellular transport, involving the processes 

of diffusion, convection, and cellular uptake.  

 

Due to their polarity the passive diffusion across cell 

membranes is minimal.  

 

Convention (transport within a fluid movement) is the 

major means (fluids are blood and lymph).  

 

Cellular uptake take place via endocytosis, phagocytosis 

or membrane extravagination, pinocytosis or membrane 

invagination, and receptor mediated invagination.  

 



-Volume of 

distribution 
 

Concentrations of Abs 

in interstitial fluids is 

small. Generally the 

estimated volumes of 

distribution are small 

and homogeneous 



-Elimination 
 

-clearence: glomerular filtration has a molecular size limit 

of 50-60 kDa, thus mAbs do not undergo filtration in 

kidneys, while can undergo filtration antibody fragments. 

Biliary secretion has been reported for IgA and only to a 

very small extent.  

 

-proteolysis: mAbs undergo proteolysis, 
predominantly in hepatic and reticuloendothelial cells. 

The only approved Fab antibody fragment, abciximab, 

lacking he Fc binding for binding to Rn receptors, is 

characterized by short half life of 30 min.  

 

The elimination half lives of IgG Abs are directly related to 

the binding affinity to the Rn receptor.  

 



Fc binding to the Rn receptor 

 

The long life of IgG is due to following steps:  

-IgG enter a cell by receptor mediated endocytosis 

(pinocytosis), and is bound to Fc-Rn.  

 

-After cellular uptake, the intracellular phagosome fuses with 

a lysosome---the low pH increment the binding activity between 

IgG and Fc-Rn and protect IgG from degradation by proteases.  

 

-IgG bound to Fc-Rn are transported to the cell membrane 

and can return intact to the extracellular space (interstitial fluid 

or systemic circulation).  

 

As a result, the residence time of the intact Ab in the 

body is prolonged.  





-binding to antigen: another means of elimination. Binding 

of the Fab region to antigen must be regarded as 

irreversible. The complex, if located in cell surface, will be 

internalized and degradated. 

 

-binding to anti-idiotype Abs: if anti-idiotypes Abs are 

formed as an immune response of the human body to 

administration of mAbs, these Abs bind the therapeutic Ab 

and by neutralization eliminate them from the body.  
 

Other mechanisms of Abs elimination 



Issues in the Bioanalysis of Abs 
 

-In the case of therapeutic Abs, serum is the most common 

matrix to be analyzed.  

 

The most frequently bioanalytical methods to analysed Abs 

in serum is ELISA (enzyme linked immunosorbent assay), 

CE (capillary electrophoresis)/polyacrylamide gel 

electrophoresis (PAGE), fluorence activated cell sorting 

(FACS), and surface plasmon resonance (SPR).  

 

Disavantages: cross reactivity. 

 

That makes difficult to analyse the PK of mAb  



Therapeutic antibodies 



Murine mAbs 

 

Murine mAbs are Abs of murine origin.  

 

The first murine Ab approved for clinical use was 

muromonab-CD3 (Orthoclone OKT3), a Ab targeting T 

cells and used in organ transplantation.  

 

Disavantages: mAbs are recognized from human immune 

system=first administration is well tolerated, repeated 

administrations may cause an immune response with 

influenza-like symptoms and even severe states of shock.  

 



Chimeric mAbs 

 

Ab in which the Fv region of murine origin is fused 

with the constant regions of a human Ab.  

Dispate of the reduction of the murine part, immune 

reactions are still observed for chimeric mAbs. 



Humanized mAbs 

 

In humanized mAbs the murine fraction of 5-10%, 

consist only of the murine CDRs, or complementary-

detemining regions, consisting in the special 

hypervariable sequences of aa within the Fv region, 

and which are responsible for the huge differentiation of 

Abs.  

 

The immune system can also produce Abs against 

these humanized Abs in ranges from 1 to 60%, 

depending on several factors as type of Ab, dosage 

and route of administration. 

 

During therapy is then obligatory monitored the 

production of Abs.  

 



Human mAbs 

 

The cDNA library of B lymphocytes and phage display 

technology have made possible to produce complete 

human mAbs.  

 

The first has been adalimumab (Humira) against TNF-

alpha. 



“Humanizing” Antibodies 

• Chimeric Antibodies 
– Murine Fv + human Fc 

– Human anti-chimeric antibodies (HACA) still observed 

• Humanized Antibodies 
– Murine CDRs + human framework and Fc 





PD: pharmacodynamics  



-Types of bindings 
 

 The majority of mAbs undergo irreversible binding.  

 

 A non specific binding can occur through Fc region, while 

through the Fab region the Abs perform specific bindings.  

 



 

 Recognize and bind antigen  

 

 Induce immune responses after 

binding  

 

 

 

 

The variable region mediates binding 

-Affinity for a given antigen is determined 

by the variable region  

-The variable region confers absolute 

specificity for an antigen  

 

The constant region mediates immune 

response after binding  

-Different classes of constant regions 

generate different isotypes  

-Different isotypes of antibody have 

differing properties 

1. 1. can work antagonistically by 
binding a receptor to prevent 
activation 

2. 2. can also bind a soluble  antigen 
and prevent activation 

1. Ab dependent cellular toxicity 

by NK cells (ADCC) 

2. Complement dependent 

cytotoxicity  (CDC) 

3. Membrane attack complex 

resulting in cytolysis (MAC) 



Cross-linking 

• All antibodies are at least bivalent  
– Two Fab can bind with two epitopes 

• With 2 epitopes on a single antigen, cyclic or linear cross-linking 
can occur.  

• Three or more epitopes on an antigen leads to formation of 
large three-dimensional lattices  



Fc region of therapeutic mAb (IgG) contains a ubiquitous asparagine residue 

(N297) that acts as an acceptor site for N-linked glycans.  

The nature of these glycans can decisively influence the therapeutic 

performance of a recombinant antibody, and their absence or modification can 

lead to the loss of Fc effector functions, greater immunogenicity, and unfavorable 

pharmacokinetic profiles.  

Impact of 

glycosylation in mAb 

clearence 

TO NOTE !!!! 
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Adapted from: M. Clark.  

Presence or absence of one sugar residue 

(fucose) can affect the biologic activity  

(killing of target cells) 

Changes in immune effector function may 

influence potency, but also affect the safety 

of the drug 



 

This study provides clear evidence for increased serum 

clearence of therapeutical IgG-containing high-mannose glycans 

in humans 

 



Three different PD principles of action are distinguished: 

 

-the majority of mAbs exert their PD activity by Fc mediated 

ADCC/CDC activation or delivery of toxic substances to target 

cells.  

 

-coating of the antigen binding site by the Ab can take place, 

which will lead to a down regulation of the antigen. 

 

-some mAbs (es. adalimumab, bevacizumab, infliximab, 

omalimumab), are directed against soluble substances as 

antigens (cytokines, growth factors, immunoglobulin).  

The PD action is to block the antigen binding activity to its 

receptor and thereby inactivate the target antigen function.  



Fc-mediated functions of mAbs 
 

1. Antibody dependent cellular cytotoxicity 

(ADCC) 

 

After several steps immune cells kill target cells, as 

cancer cells. ADCC is induced by unconjugated 

mAbs or Ab fragments.  

 

They can either induce apoptosis, negative growth 

signals or indirectly activate host defense 

mechanisms.  

 



The chronological sequence of ADCC is as follows: 

 

a. The Fab region of the mAbs reacts with its antigen 

on the cell surface 

 

b. Fc receptors on host cells and monocytes are 

activated by the antigen-Ab interaction 

 

c. the resulting complex triggers a cytolytic response 

and induces apoptosis 

 

d. macrophages are able to opsonize Ab-bound cells 
  





2. Complement dependent cytotoxicity 

 

Activation of the complement system can 

lead to lysis of the antigen-presenting cells or 

induce inflammation reactions aimed at 

eliminating these cells efficiently.  

 



The steps after complement activations are: 

 

a. the glycoprotein C1q of the complement system binds to 

the Fc regions of two Abs which must have formed a Fc 

dimer 

 

b. the glycoprotein iC3b is produced 

 

c. the cytolytic membrane attack complex is formed (MAC) 

 

d. ADCC is enhanced by binding of iC3b to complement 

receptor 3 on the surface of immune cells. 





Fab-mediated functions of mAbs: 

1. Blocking action of molecular targets 
– Can work antagonistically by binding a receptor to prevent 

activation 

– Can also bind the antigen and prevent activation  

2. “Magic Bullet”  
– Compound with target specificity is coupled with various 

effector groups 
• Toxins, radionuclei, enzymes, DNA 



1. Blockage of interaction between patho-

physiological substance and antigen 
 

The antigen is often a receptor or an enzyme = the 

interaction with the Ab blocks the downstream reactions.  

 

Es: the human panitumumab is directs against EGFR.  

The mode of action is neither ADCC nor CDC, but rather 

blocking the binding of the ligands such as EGF to the 

receptor, thereby impairing downstream signaling. 

 



2.Conjugated unlabeled mAbs 
 

For oncologic application, for ex. mAbs are conjugated with a 

cytotoxic drug.  

 

The therapeutic mAbs bind to target cells with the antigen on 

the surface, for ex. tumor cells, and the conjugated cytotoxic 

substance is only delivered to these cells: targeted theraphy.  

 

In 2000 the FDA approved gemtuzumab ozogamicin 

(Mylotarg), a calicheamicin derivative conjugated to a mAbs 

for the treatment of CD33+ acute myeloid leukemia (AML). 



Prerequisites for mAb therapy 

 

1. the patient: immune system of the patient should 

be intact.  

 

 

2. the Ab: high specificity and affinity of the Ab towards 

the complementary antigen is necessary.  

Cross reactivity should be avoided.  



3. the target cells: the target of a mAbs must be as unique as 

possible for the disease to be treated.  

 

If the target resides on the cell surface, a high expression 

rate is important.  

 

If the target is a soluble substance, the target must be 

selectively expressed or overexpressed at the target site. 

 

If the expression of the antigen is not exclusive in the target 

cells/tissue, adverse reactions are more likely.  



In some cases the antigen is only expressed in a limited 

number of patients.  

 

-The humanized trastuzumab for ex: is directed against the 

her-2 receptor that is overexpressed only in 20-30% of the 

entire patient population: hence, treatment is only 

successful and adequate in the antigen-positive patients. 

 

4. the antigen: antigen should be homogeneous, thus 

recognized by the mAbs.  



Adverse reactions: depend on sevaral factors: 

 

a. type of Ab (more or less humanized);  

b. dosage regiment (single or multiple doses);   

c. route of administration (SC and IM vs IV);  

d. patient's genetics (autoimmune diseases). 



Drug interaction studies 
 
mAbs do not undergo classical metabolic reactions involving the 

superfamily of cytochrome P450 isoenzymes = no drug-drug 

interactions with inducers or inhibitors of CYP.  

 

Comparison of PK of mAbs and traditional small molecule drugs 


