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APPENDIX-I 

Formulation of System design using control system analysis: 

State variables, control variables, and constraint conditions are the three fundamental 

pillars of a control system, which is required to design any system.  

 State variables of our system are the internal biological parameters. Here we are 

going to formulate our ordinary differential equations in terms of a control system 

using a multimodel compartmental model. Here in figure 2.4 of text (chapter 2), the 

state variables are (1) Interleukin-2 concentration in blood (C), (2) DNA damage 

factor (D), (3) Tumour infiltrating lymphocytes (A), (4) Natural killer cells (K), (5) 

Circulating lymphocytes (B), and (6) the malignant tumour cells (M). These states 

variables are represented as a function of Xn, where n = 1 to 6. 

 Control variables of our system are the external administration of 3 the anti-tumour 

agents i.e. (1) DNA damage factor generation rate (vD (t)), (2) interleukin-2 

formation rate (vC (t)) and (3) tumour infiltrating lymphocytes formation rate (vA 

(t)). These control variables are represented as a function of Um, where m = 1 to 3. 

 The quantitative specifications of physiological thresholds that the cancer 

regression process cannot cross are known as the constraint conditions of the 

system. The minimum and maximum values for each state variable must be 

preserved within normal physiological bound (Table 2.2 of chapter 2). 
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Step 1:  Tumour cell module:  

Let us consider Figure 2.4 of chapter 2, the objective here is to find out the desired value 

of D‡  and A‡ which are the input parameters for tumour cell module, which will enable the 

tumour (M) cell output module to have the desired value M* in time point tp [Figure 2.1 

(b)]. The rate equation for the output state variable, tumour cell population M, regarding 

the tumour cell module in Figure 2.4. is obtained by expressing its time derivative M': 

firstly, in terms of the state function fM (Xn), where Xn is the state variables due to two 

intrinsic biological parameters (i) logistic tumour cell growth parameter, and (ii) tumour 

cell elimination parameter due to natural killer cells. And secondly, in terms of module’s 

input, we define the therapy variables gM1 and gM2 that represents the dose-response 

saturation behavior (Ur) of two antitumour entities: DNA blockage factor D and cytotoxic 

T-cell population A. 

Thus,            M' = fM + [gM1UD + gM2UA]      (1) 

                     ⇒ M' = fM + bM                 ……(where  bM =  [gM1UD + gM2UA])          (2) 

Here, UD and UA represents the efficacy of the anti-tumour therapeutic entities of DNA 

blockage factor and cytotoxic T-cell respectively, while bM is the combined effect of these 

two anti-tumour entities on tumour growth rate M'. This quantitatively antitumour 

behaviour of eq. (1) is a saturation type of dose-response function, which is a common 

characteristic of pharmacological chemical reactions (such Michaelis-Menten function, 

Hill function, or similar activity function). As a result, Eq. (1), which corresponds to Eq. 

(7) of main text, can be expressed using Michaleis-Menten Kinetics as,                              

            M ′ =  ܽ󿿿(1 − ܾ󿿿) − ܿ󏿿󿿿 − ܳ󿿿 − ݇ெ(1 − ݁ି஽)󿿿             (3) 

Comparing the right side of eq. (1) and (3), we see that 

         fM  = [ܽ󿿿(1 − ܾ󿿿) − ܿ󏿿󿿿]  

         gM1   =  −݇ெM         (4) 

          gM2  = −󿿿 



201

and         

UD  = (1 − ݁ି஽);       and     UA  = ܳ =  [(d Al) / (sMl + Al)]    (5) 

Now, we employ the previously defined tumour growth rate [namely M′ = – ĸM(M – M*)] 

in chapter 1 to enforce the tumour eradication using the trajectory tracking approach 

mentioned earlier in chapter 1. Using this statement of M′ = – ĸM(M – M*) in equation (1), 

we can determine the prerequisite for inducing total tumour regression as: 

            fM  +  gM1UD  +  gM2UA   =  – ĸM(M – M*)     (6) 

      ⇒   gM1UD  +  gM2UA  =  – ĸM(M – M*) – fM     

     ⇒    gM1UD  +  gM2UA  = bM          (7)  

where,      bM   =  – ĸM(M – M*) –  fM   =  – [ ĸM(M – M*) + fM ]   (8) 

 ⇒  fM + ĸM(M – M*) + bM  = 0      (9) 

According to Eq. (8), for effective therapy, the combined therapy-induced anti-tumour 

effect term, bM, should address two factors: first, the condition necessary for enforcing the 

elimination of the tumour cell population, represented by the expression - ĸM(M – M*), and 

second, the growth of the tumour cell population as a result of biological processes, 

represented by fM. According to Eq. (8), the relaxation decay term,  bM, has a negative value 

if the tumour is going to regress (or a zero value if the tumour is arrested at a specific 

volume and remains stable), therefore in this case, bM ≤ 0. From Eq. (7) 

            gM1UD  +  gM2UA  – bM   = 0       (10 

         

Eq. (7) shows the link between the blood levels concentration of the antitumour agents (UD 

and UA), which, if these levels are attained, will ensure that the tumour cells are completely 

disappear. However, it is also necessary to maintain the blood levels of UD and UA so that 

their combined toxicity on the patient is kept to a minimum.  



202

Therefore, we must now reduce the normal tissue damage in term of a damage cost 

function due to anti-tumour entities. So, we need to minimize the toxicity of these 

antitumour agents.          

Toxicity minimization of antitumour entities: 

The cost function for the tumour cell compartment can be calculated using the quadratic 

cost parameter JM (chapter 1) as follows:              

JM   =   ½ ( rM1 UD
2  +  rM2 UA

2 )               (11) 

Here the weighting factors used in this instance for the two antitumour entities, DNA 

blockage factor and cytotoxic T-cells, are rM1 and rM2. In addition to minimizing the cost 

function JM, eq. (7) should also be followed as a constraint. Evidently a constrained 

optimization problem, the minimization of the cost function, JM = ½ (rM1 UD
2  +  rM2 UA

2 ), 

may be addressed optimally using the Lagrange multiplier (λ), 

Thus, the augmented cost function J can be expressed as follows: 

J  =   ½ [ rM1 UD
2  +  rM2 UA

2 ]  +  [ λ  { gM1 UD
  +  gM2 UA – bM} ]    (12) 

Thence, apropos the Lagrange's technique, the right-sided expression in eq. (12) enclosed 

by the second brackets {…} includes the left side of the constraint equation [eq. (10)]. We 

differentiate J with respect to the two variables UD and UA for the minimization of the 

augmented cost function. The minimization criteria are thus found out to be ∂ J /∂UD = 0 

and ∂ J /∂UA = 0, from which we derive the equations for the two variables UD and UA as 

follows: 

a) Efficacy of DNA blockage factor, UD:       

As, UA  =      (bM   – gM1UD ) / gM2   …..(using eq. (10))  

    So, by putting above UA  value in eq. 12, it will become 

J = ½ [ rM1 UD
2 + rM2 {(bM – gM1UD ) /gM2}2 ] + [ λ { gM1 UD

  + gM2 ((bM – gM1UD )/ gM2 ) – bM} ] 

……………………………………(12A)  
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Now, by using ∂ J /∂UD = 0 ,  eq. 12 (A) becomes

⇒     ½ [ 2rM1 UD
  +  2rM2 ((bM – gM1UD ) /gM2) (–gM1  /gM2)] = 0 

⇒     rM1 UD
 – [{rM2 gM1 ((bM – gM1UD ) }/(gM2)2] = 0 

⇒     rM1 UD
 – [{rM2 gM1bM – rM2 (gM1)2 UD ) }/(gM2)2] = 0 

⇒    UD [rM1 +{rM2(gM1)2} /(gM2)2]   =  [(rM2 gM1bM )/(gM2)2] 

⇒    UD [rM1 (gM2)2+{rM2(gM1)2}]   =  (rM2 gM1bM ) 

⇒    UD =  (rM2 gM1bM ) / [rM1 (gM2)2+{rM2(gM1)2}]    

⇒    UD =  ( gM1bM ) / rM1 [ (gM2)2/ rM2 +(gM1)2 / rM1]    

⇒    UD =  bM gM1 / rM1G   …  This is the efficacy of DNA blockage factor   (13) 

a) Eefficacy of cytotoxic T-cell  UA: 

⇒    UA =  bM gM2 / rM2G           (14) 

where,  G = [ (gM1)2 / rM1 + (gM2)2/ rM2]         (15) 

Also from eq. (5) 

UD  = (1 − ݁ି஽);      and     UA  =  (d Al) / (s Ml + Al)     (16) 

By solving the above two equations of eq. (16), we will get the desired antitumour entity 

input level for tumour cell input module. 

i.e. D‡  = −ln(1- UD);        A‡   = [s Ml UA / (d – UA)]1/l   (17) 

   where   D‡  and A‡ are desired value of two antitumour entities (i.e. blood concentration 

of DNA blockage factor and of cytotoxic T-cell ). Further, by substituting the value of  UD 

and  UA from eq. (13) and (14) into eq. 17; we can arrived at the desired value of DNA 

blockage factor and cytotoxic T-cell population. 

i.e.    D‡  = −ln[1- {bM gM1 / rM1G }]        (18) 

and,   A‡   = [s Ml (bM gM2 / rM2G ) / {d – (bM gM2 / rM2G )}]1/l     (19) 
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Step 2:  Cytotoxic T-cell module:  

The goal here is to find the desired values for this module’s input parameters namely, the 

interleukin-2 blood level and tumour-infiltrating lymphocyte formation rate, C‡ and vA
‡, 

will induce the output (the cytotoxic T-cell population, A) to be driven to the desired value 

A‡. When all of the tumour cells have been destroyed at time point tF (Figure 2.1 (b), chapter 

2), this enforced driving must be more rapid than the previous module (tumour cell 

module). 

Here also, we employ the trajectory guided tracking principle of control systems 

analysis, which we have already applied to the tumour cell module. Similarly, by applying 

the same reasoning behind the lowering of the deviation or error [as describe in chapter 1, 

section 1.4], we obtain: 

 A′ = – ĸA(A – A‡)        (20) 

Now we consider the tumour cell module's characteristic rate, M' = fM (Xn)+ bM  [i.e., 

eq.  (1) of this Appendix-I]. We now desire to express this rate formulation in terms of A′, 

the rate of change of the cytotoxic T-cell module. So, using Eq. 6 of chapter 2, we express 

the temporal dynamics equation of A ′ as: 

 A' = fA(X) + UC + vA        (21) 

where fA(X) is a system function representing the T-cell immunomodulation, i.e., the 

biological factors acting on this cytotoxic T-cell population, and vA is the tumour-

infiltrating lymphocyte formation rate. UC is the therapeutic efficacy of interleukin-2. By 

comparing eq. 21 above and eq. 6 (chapter 2), we arrived at: 

A’ = dA/dt =  – mA + Aj[(Q2M2) / (k +Q2M2)] – qAM + (r1K + r2B)M – uKA2 – kA(1– e-D)A 

 +  {pc AC / (gC + C) + vA(t)}        (22) 
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With reference to this comparison, it is noted that the term UC, which refers to interleukin 

efficacy level C, can be defined as: 

UC  = ( pc AC) / (gC + C)        (23) 

Whereby we obtain, 

fA(X) = – mA + Aj[(Q2M2) / (k +Q2M2)] – qAM + (r1K + r2B)M – uKA2 – kA(1– e-D)A      (24) 

Also, from eq. (20) and (21), we have 

fA(X) + UC + vA = – ĸM(A – A‡)

⇒ UC + vA  =  – fA(X) – ĸM(A – A‡)       

⇒ UC + vA  = bA            (25) 

Here,     bA  =  – fA(X) – ĸM(A – A‡)       (26) 

Note that the last two terms of eq. 22 (within {…}), are terms about input of the 

antitumour entities, respectively dependent on interleukin and tumour-infiltrating 

lymphocyte [denoted as bA in eq. (26)]. The second term of the {…} expression is the 

tumour infiltrating leucocytes formation rate (denoted as vA), and the first term (( pc AC) 

/ (gC + C)) is the therapeutic efficacy of interleukin-2. And the remaining part of eq. 22 is 

fA(X), which is the performance function of the cytotoxic T-cell module. 

Indeed, the aforementioned eq. (22) shows that if the tumour regresses (or if the tumour 

is halted and hence stable), bM ≥ 0, the relaxation decay term bA has a positive value. In 

fact, equation (25), if used, will ensure the complete eradication of the tumour, and this 

equation relates with the features of the antitumour agents interleukin and tumour 

infiltrating lymphocytes (UC and vA ). For this module, the two antitumour agents are 

interleulin-2 (its efficacy function is UC) and tumour infiltrating leucocytes (its formation 
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rate, vA), Thus, like the earlier tumour module we again need to minimize the toxicity of 

these antitumour agents.         

  

Toxicity minimization of antitumour agents: 

The cost function for the cytotoxic T-cell module is as follows:   

JA   =   ½ (rA1 UC
2  +  rA2 vA

2 )               (27)       

where the two antitumour entities present in this module are responsible for the sensitivity 

weights rA1 and rA2. The constraint requirement [UC + vA  = bC ] from [eq. (25)] need to be 

followed for minimization. With the use of the Lagrange multiplier method, we can solve 

for: 

the augmented cost function J which can be expressed as follows: 

J  =   ½ ( rA1 UC
2  +  rA2 vA

2 )  +  [ λ  { UC
  +  vA – bA} ]     (28) 

The minimization criteria are thus found to be ∂ J /∂UC = 0 and ∂ J /∂ vA = 0, from which 

we derive the equations for the two variables UC and vA as follows: 

 

a) Antitumour efficacy of Interleukin-2 UC:        

We note,     vA   =  (bA  – UC )     …..(using eq. (25))  

    Thence, by putting the above vA  value in eq. 28, we have 

J  =   ½ ( rA1 UC
2  +  rA2 (bA  – UC ) 2 )  +  [ λ  { UC

  +  (bA  – UC )  – bA} ]   

Now, by using ∂ J /∂UC = 0 , we arrive at;

     ½ [ 2rA1 UC +  2rA2 {(bA –UC ) (-1)}] = 0 

⇒     rA1 UC +  rA2 ( UC – bA) = 0 

⇒     UC (rA1 +  rA2 ) = rA2 bA 
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⇒    UC =  rA2 bA / (rA1 +  rA2 ) 

⇒    UC =  rA2 bA / rA1 rA2 (1/rA2 + 1/ rA1 ) 

⇒ UC = bA / rA1 (1/ rA1 + 1/ rA2 ) 

⇒   UC = bA / rA1H …  This expression is the clinical efficacy of IL-2  (29) 

b) Efficacy of tumour infiltrating lymphocyte is, vA: 

Likewise, we obtain the efficacy of these lymphocytes: 

vA = bA / rA2H         (30) 

where,  H = [1/ rA1 + 1/ rA2]           (31) 

Also from eq. (23), we have 

 C‡  =   gC UC / (pCA – UC)              (32) 

     Note that here C‡  is the desired value of antitumour entity (i.e. blood concentration of 

IL-2). Moreover, by substituting the value of  UC from eq. (29) into eq. (32), we obtain  at 

the desired value of the formation rate of tumour-infiltrating leucocyte: 

i.e.    C‡  =   gC bA / (pCA rA1H – bA )        (33) 

 

Step 3:  DNA damage module:  

In this case, the objective is to determine the desired value, vD
‡, of the module's input 

parameter (DNA damage factor), which would drive the module's output i.e. blood 

concentration of the DNA damage factor D to reach the desired value, D‡, [eq. (18)] within 

the time point tF (Figure 2.1 (b)), this driving must be completed faster than the prior 

module (the T-cell module). 

The requirement that ED′ + kD ED = 0 (from chapter 1, section 1.4), must be put into 

practice, with the deviation ED = (D - D‡). Furthermore, we obtain D′ = -kD (D - D‡ ) using 
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the same logic as the earlier module. After removing D′ from both this equation and 

equation (2) of chapter 2, we arrive at: 

  vD
‡ = γD - kD (D - D‡)            (34) 

 (where vD
‡ is the desired level of DNA damage factor generation rate) 

 

Step 4:  Interleukin-2 injection module:  

The requirement to be implemented here is that EC′ + kC EC = 0, where EC = (C - C‡), here 

EC denotes the deviation. Hence C’= -kC (C - C‡). Using eq. (1) of chapter 1 to eliminate 

C′, we obtain the desired Interleukin 2 formation rate;  

 vC
‡ = μC C -kC (C - C‡)        (35) 

Step 5:  Tumour infiltrating leucocyte module:  

For this module, eq. (30) can be written as, 

  vA
‡ = bA / rA2H (36) 

This vA
‡ term is the required Tumour infiltrating leucocyte generation rate. 

 

 To sum up, if the formation rate of the three antitumour entities (DNA 

impairment factor, T- lymphocyte cell, and Interleukin-2) attains the respectively desired 

values with time (vD
‡, vA

‡, and vC
‡), then the malignant cell population will undergo 

permanent complete regression and extinct. 
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APPENDIX-II 

Formulating of the Profile of Antitumour Entities  

 

PART-A 

Analysis of appropriate antitumour weights (rM1, rM2, and rA1, rA2) 

The tuning parameters rM1, rM2, rA1, and rA2, are the adjustable intensity weights of the 

antitumour agents, selection of proper values of the weights are necessary to reduce the 

toxicity cost. These functional weights are acting at the two stages. 

(i) At tumour cell module: the weights rM1, and rM2 respectively are the antitumour 

efficiency weight of (a) DNA blockage factor and of (b) Cytotoxic T-cell; 

(ii)  At Cytotoxic T-cell module: here the weights rA1, and rA2 respectively are the 

antitumour efficiency weight of (a)T-cell activation weight (activated by 

Interleukin-2) and (b) tumour infiltrating leucocytes. 

The tuning parameter values must be larger than or equal to zero since they relate to actual 

cellular and biochemical processes and flow rates. They cannot have imaginary or fixed 

values. They are continuously changed as the tumour regression process advances to reduce 

toxicity for the patient, while simultaneously forcing the tumour cell population to zero. It 

turns out that the ratio rM1: rM2 is the basic factor to consider in these optimization situations. 

The aim is to appropriately select or optimize the value of the other tuning parameter, rM2, 

by taking that the parameter rM1 has a normalized value of unity (i.e., rM1 = 1). Furthermore, 

the other ratio rA1: rA2 follows the same reasoning. As a result, we can use the following 

values for two of the parameters: rM1 = 1 and rA1 = 1. 
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Calculation of other two tuning parameters (rM2 and rA2): 

The values of the tuning parameters rM2 and rA2 can be selected based on certain physical 

conditions of the antitumour entities (UD, UA, and UC) and their corresponding control 

variables (vD, vA and vC). 

Step 1: Boundary conditions of DNA blockage efficacy factor UD 

We now examine the DNA blockage factor, which affects the tumour cell population 

module (Figure 2.4, chapter 2) and where the tuning parameters or weights (rM1 and rM2) 

are related to the toxicity cost JM [see Appendix-I. Eq. (11)]. The tuning parameter range 

for the DNA blockage factor will be now analyzed; this range of values will allow for 

adjusting the tuning weight to ensure total tumour eradication.  

Upper bound of UD: 

From eq. 17 of Appendix-1, 

D‡  = −ln(1- UD)       (1) 

Where D‡  is the desired value of the blood concentration of DNA blockage factor. The 

clinical efficacy parameter D‡ needs to avoid having imaginary values. Also, since 

logarithm is not defined for zero or negative values, therefore, the upper bound of UD is 1. 

Lower bound of UD: 

From eq. (34) of Appendix-I, vD
‡(t) = γD - kD (D - D‡). Since vD

‡(t) is the DNA blockage 

factor generation rate, it cannot be negative and hence vD
‡(t) ≥ 0.  

Therefore,  γD - kD (D - D‡) ≥ 0       (2) 

By putting D‡ value from eq. (1) to eq. (2), we obtain: 
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      γD - kD (D + ln(1- UD)) ≥ 0 

⇒  UD    ≥  1 – exp [ ( γD/ kD) - D ]     (3) 

Thus, this value can be taken as the lower bound of UD. 

Step 2: Boundary conditions of the antitumour weight factor rM2: 

Lower bound of rM2: 

From eq. (13) of Appendix-I, we have already found the relationship between UD and 

tuning parameters   rM1 and rM2 as follows: 

UD =  bM gM1 / rM1G           (4) 

where,  G = [ (gM1)2 / rM1 + (gM2)2/ rM2]     From eq. (3) and eq. (4), we have 

  bM gM1 / rM1G   ≥  1 – exp [ ( γD/ kD) - D ]    (5) 

Also, from eq. 8 of Appendix-I, bM  has a negative value. By transposing eq. (5), we have 

the lower bound of rM2: 

 rM2 ≥  (gM1)2 rM1 / [{bM gM1 / 1 – exp ( γD/ kD) - D )]} - (gM1)2]  (6) 

 

Upper bound of rM2: 

As discussed in upper two section UD ˂ 1. Further, we obtain  bM  ≤ 0, from eq. (5) of the 

above paragraph. Thereby we get 

bM gM1 / rM1G  ˂ 1  [where G = [ (gM1)2 / rM1 + (gM2)2/ rM2]  ]     (7) 

By transposing eq. (7), we arrive at: 

rM2 ˂ (gM2)2 rM1 / [bM gM1 - (gM1)2]      (8) 
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From eq. (6) and eq. (8), we obtain the range of rM2 as, 

(gM1)2 rM1 / [{bM gM1/ 1 – exp ( γD/ kD) - D)]} - (gM1)2] ≤  rM2 ˂ (gM2)2 rM1 /[bM gM1 - (gM1)2] 

…………………………………………………………………………………………(9)  

Now, let us consider A and B to be the left and right sides of the inequality of eq. (9), i.e. 

A = (gM1)2 rM1 / [{bM gM1/ 1 – exp ( γD/ kD) - D)]} - (gM1)2]    (9 A) 

B = (gM2)2 rM1 /[bM gM1 - (gM1)2]       (9 B) 

As we know that for tumour to regress bM should be negative and if bM  is positive the 

tumour should progress. Therefore, for tumour cell to regress: bM  ≤ 0, then the range of  rM2 

become, 

A ≤  rM2 ˂ B       (10) 

In contrast, if tumour is progressing bM ˃ 0, then the range of  rM2 become 

         A ≥ rM2 ˃ B       (11) 

Step 3: Boundary conditions for using tumour infiltrating lymphocyte formation rate 

(vA) 

Here, we focus on tumour-infiltrating leucocyte, which activates cytotoxic T-cells to act 

through the tumour cell population module (Figure 2.4 of chapter 2). In this module the 

toxicity cost JM is correlated with the tuning parameters or weights, rM1  and rM2 [refer to 

the section after eq. (11) in the Appendix-I]. We now determine the tuning parameter range 

that will allow the DNA blockage factor to function efficaciously. This range of values of 

the tuning parameter will allow us to adjust the tuning weight in order to completely 

eradicate the tumour.   
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Step 4: Boundary conditions of the cytotoxic T-cell efficacy factor UA 

Upper bound of UA 

From eq. (17) of Appendix-I, the desired value of cytotoxic T-cell population is, 

A‡   = [s Ml UA / (d – UA)]1/l      (12) 

Since A‡ is effective at enhancing the elimination of tumours, its clinical efficacy UA cannot 

be negative i.e. UA ≥ 0 (see the numerator of eq. (12)). The denominator also cannot be zero 

or negative since A‡ is a positive finite cellular population, which implies that UA ≠ d and 

d - UA ˃ 0 (i.e., UA ˂ d).  It should be noted that the parameter d, which represents the upper 

limit of the UA, is positive because it represents the saturation level of fractional tumour 

cell destruction by cytotoxic T-cells. 

Lower bound of UA 

From the aforesaid paragraph, we can adopt the range of UA as follows: 

   0 ≤ UA ˂ d       (13) 

Now, for the range of rM2, we can take eq. (14) of Appendix-1, UA =  bM gM2 / rM2G, where    

G = [ (gM1)2 / rM1 + (gM2)2/ rM2]. Putting this value of UA in eq. (13)’, we have 

     0 ≤  bM gM2 / rM2G  ˂ d 

Whereby, bM gM2 / rM2G > 0, and  bM gM2 / rM2G < d. Now, by taking the reciprocal of these 

two inequalities, we arrive at: 

rM2  ≤  ∞    and     bM gM2 / dG < rM2 

i.e.,   bM gM2 / dG  <   rM2      ≤  ∞      (14) 
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Step 5: Boundary conditions of antitumour effect term bM: 

From eq. 14, we can take C = bM gM2 / dG  and D = ∞    (14 A) 

So, from eq. (14) and eq. (14-A), we can delineate that 

 

Case-1. For tumour regression, bM   ≤ 0, also C < rM2 ≤ D   (15) 

Case-2. For tumour progression, bM   ≥ 0, also C > rM2 ≥ D   (16) 

Step 6: Boundary conditions of T-cell activation effect term {bA}: 

The interleukin efficacy UC and the tumour-infiltrating lymphocyte administration term vA 

are two immunological inputs that together provide the entire effect of cytotoxic T-cell 

activation represented by the symbol bM. We may recall that the desired cytotoxic T-cell 

value A‡ determines the generation rates of T-lymphocytes and Interleukin-2, vA(t) and vC(t) 

(Figure 2.4 of chapter 2). Hence, one may consider that eqs. (15) and (16) are prerequisites 

for providing the input rate of tumour-infiltration leukocyte and interleukin-2, respectively. 

 Also, we have   vA (t) ≥ 0      (17) 

because the dose-rate vA (t) cannot be negative. Further, eq. (30) of Appendix-I states that, 

vA = bA / rA2H (18)

where, H = [1/ rA1 + 1/ rA2]. As the therapeutic weight factor (rA1 and rA2) have positive 

value, so H should be a positive quantity. Now, by substituting eq. (18) in eq. (17), we get 

bA / rA2H ≥  0      (19) 

Given that both rA2 and H are positive, eq. (19) indicates that: 
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bA ≥ 0       (20) 

Moreover, from eqs. 24 and 26 from Appendix-I, we have 

bA  =  – fA(X) – ĸM(A – A‡)                          (21) 

where,    

 fA(X) = – mA + Aj[(Q2M2) / (k +Q2M2)] – qAM  + (r1K + r2B)M – uKA2 – kA(1– e-D)A           

…………………………(22) 

Now, by substituting the value of bA from eq. 20 into eq. 21, we can get the condition of 

control process, namely 

–[–mA+Aj[(Q2M2)/(k+Q2M2)]–qAM+(r1K+r2B)M–uKA2–kA(1–e-D)A+ĸM(A – A‡)  ≥ 0      

…………………………………………………………………………………….(23) 

In the last term of eq. 23, the value of A‡ (i.e. the desired value of cytotoxic T-cell 

population) is given by the eq. 17 of Appendix-I, i.e.        

A‡   = [s Ml UA / (d – UA)]1/l              (24) 

Putting this value of A‡   in eq. 23, we get 

UA  ≥  (d Pl) / (s Ml + Pl)              (25) 

Where, UA is the cytotoxic T-cell efficacy factor and  

P = A + (1/ kA) [– mA+Aj[(Q2M2)/(k+Q2M2)]–qAM+(r1K+r2B)M–uKA2–kA(1–e-D)A ] 

Earlier, we have seen that 

  UA =  bM gM2 / rM2G    (from eq. 14 of Appendix-I) 

By putting the value of P and UA in eq. 25, from last two equations, we get the condition 

of the weighting factor of cytotoxic T-cell, rM2, in terms of the weighting factor of DNA 

blockage factor (rM1),  namely 

rM2 ≤  [{[(s Ml + Pl)/ (d Pl)] bM GM2 – (GM2)2} rM1]/ (GM1)2  (26) 
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where  GM1 = – kMM,      GM2 = –M            (as per eq. (4) of Appendix-I) 

Now, we can also write eq. (26) as        rM2 ≤  E  (27)  

        where E = [{[(s Ml + Pl)/ (d Pl)] bM GM2 – (GM2)2} rM1]/ (GM1)2           (28) 

Also, from the second paragraph of this Appendix-I , rM1 = 1 in eq. 28. Thus eq. 27 is the 

sufficient condition for the weight rM2 regarding the tumour infiltrating lymphocyte 

formation rate, vA(t)≥ 0. 

Step 7: Boundary conditions for using Interleukin-2 formation rate (vC) 

As from eq. 32 of Appendix-I, the desired concentration of Interleukin-2, C‡,  for the 

complete elimination of tumour is: 

C‡  =   gC UC / (pCA – UC)            (29) 

Here the denominator should not be zero, as C
‡ should have a real value, i.e.  

                      UC ≠ pCA  (30) 

Also the clinical efficacy of interleukin is defined by eq. (29) of Appendix-I as, 

                    UC = bA / rA1H (31)

where H = [1/ rA1 + 1/ rA2]. By substituting eq. (31) in eq. (30), rearranging, we obtain the 

required value of rA2 (the weighting factor of tumour infiltrating lymphocyte), i.e. 

                rA2 ≠ pCArA1 / bA – pCA  (32) 

where      F =  pCArA1 / bA – pCA   (33) 

So,           rA2 ≠ F   (33 A) 

For the interleukin-2 generation rate, vC(t), eq. (33 (a)) is the necessary condition. Further, 

vC(t) should not be negative, whereby we have another requirement: 

 

                                      vC(t) ≥ 0     (34) 
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Now we consider the desired interleukin-2 formation rate for tumour elimination vC
‡ 

[eq. 

(35 of Appendix-I)]:  

                     vC
‡ = μC C -kC (C - C‡)          (35) 

Since  vC
‡ ≥ 0 , since vC

‡ is the desired IL-2 production rate; so eq. (35 of Appendix-I) 

becomes 

                   μC C -kC (C - C‡) ≥ 0     (36) 

Also the desired interleukin blood level from eq. 32 of Appendix-I is 

                      C‡  =   gC UC / (pCA – UC)      (37) 

where UC is given by the eq. (29) of Appendix-I: 

                       UC = bA / rA1H (38)

Here H = (1/ rA1 + 1/ rA2) [see eq. (31) of Appendix-I]. Moreover, from eq. (38) above, bA 

is the cytotoxic T-cell activation term and can be obtained from eq. (26) of Appendix-I as, 

                                             bA  =  – fA(X) – ĸM(A – A‡)    (39) 

In eq. (39), we have the term fA(X), which is from eq. 24 of Appendix-I, is:

fA(X) = – mA + Aj[(Q2M2)/(k +Q2M2)] – qAM + (r1K + r2B)M – uKA2 – kA(1– e-D)A   (40) 

It is important to note that the cytotoxic T-cell activation term bA can either be facilitative 

and positive (bA ≥ 0) or inhibitory and negative (bA ≤ 0). Numerous experimental findings 

support this bimodality. For instance, these T-cells may get activated in response to 

fragments and debris from tumour cells, but may become suppressed in response to 

recurrent interactions with tumour cells. Let us now enter the corresponding substitutions 

from the aforementioned eqs. [(37)- (40)] have, into eq. (36), and then solve it for the rA2 

weighting factor. We thereby can write the solution in compact form, as 

     񯿿 =  ௥ಲభ
್ಲ೒಴

಴൬భష 
µ಴
ೖ಴

൰
శ್ಲ

೛಴ಲ   ି ଵ

        (41)           
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When we solve eq. 41 for rA2, we get two values depending on the bA value, which 

determines whether the cytotoxic T-cell activation is facilitative or inhibitory: 

(a)  If bA ≤ 0(T-cell inhibition): then one condition needs to be satisfied, viz. rA2 ≤G           (42) 

(b) If bA ≥ 0 (T-cell activation): then two conditions need to be satisfied, viz.  bA ≥ G         (43) 

                                           and  bA <  pC A [ 1 + (rA1 / rA2 ) ]                                                 (44)     

For using interleukin formation rate vC(t), we note that Eqs. (33 (a)), (42), (43) and (44) are 

the sufficient conditions on rA2. 

 

PART-B 

Calculating the values of antitumour weights rM2 and rA2 

From the above, we have several numerical indices, viz. the parameters named (A, B, C, 

D, E, F, G) defined in eqs. (9 A), (14 A), (28), (33) and (41), and these indices determine 

the values that can be taken by the tuning parameters rM2 and rA2 [eqs.(10)-(11), (15)-(16), 

(27), (33 A), (42)-(43)]. The biological factors of eqs. (1)-(7) of chapter 2 [ namely, (M, K, 

A, B, D, and C)] vary over time, so the values of rT2 and rA2 will also change over time. 

Calculation of antitumour weight rM2: 

a) When bM ≤ 0: 

The three aforesaid eqs.(10), (15), (27), respectively are: 

                                       A ≤  rM2  ˂ B;  

                                       C < rM2  ≤ D; 

                                          rM2 ≤  E; 

As D = ∞ (from eq. (14-A)), the last two of the above inequalities can be combined to get 

 C < rM2  ≤ E. 

The two inequality formulas are now A ≤ rM2 ˂ B and C <rM2 ≤ E. Evidently, if we have a 

stricter inequality, we can satisfy both of these inequalities, that is: 
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[maximum of A and C]    ≤  rM2  ˂    [minimum B and E]           (45)  

 

As a starting point, we can consider the value of rM2 to be halfway between its upper and 

lower bounds, i.e. rM2 is average of the left- and right-sided expressions of eq. (45). Thus, 

rM2 = ½ [(maximum of A and C) +  (minimum of B and E)]    (46) 

 

Therefore, in the event that rM2 turns negative, we can take into account its upper bound in 

order to maintain a positive value. Thus, we can take 

    rM2 = ½ (minimum of B and E)]      (47) 

 

b) When the term bM ≥ 0: 

From eqs. (11), (16), and (27), we likewise arrive at the inequalities, 

       A ≥ rM2 > B,   and   C > rM2 ≥ E       (48) 

 

Similarly, 

rM2 = ½ [(the greater value among B and E) + (the smaller value among A and C)]       (49) 

If eq. (49) gives rM2 a negative value, then we take that 

       rM2 = ½ (the smaller value among A and C)]        (50) 

         

If this result is also negative, we shall not choose the antitumour inputes for rM2, which are 

vD(t), namely DAN impairment factor production rate and vA(t), namily for tumour-

infiltrating lymphocytes. Thus, the formation rate of the other two antitumour entities are 

omitted (or made zero), and only other antitumour entity, interlukin-2 is considered.  
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Calculation of antitumour weight rA2: 

a) When bL ≤ 0: 

From eqs. (33- A) and (42), we can get  

          rA2  = G-1  (51)  

In case if (G-1) = F, then we have,  (52) 

           rA2  = G-2        

b) When bL ≥ 0: 

By, eqs. (33-A), (43) and (44), one can discern that three conditions should be satisfied. 

We initially put 

           rA2  = G+2  (53)  

In case, if eq. 44 inequality is not satisfying, we can put 

           rA2  = G+1  (54)  

However, if rA2 + F, then, we can take 

           rA2  = G+0.5  (55)  

 

PART-C 

One or Two Antitumour entities 

We can select the concentrations of the three antitumour entities based on the values of the 

weights, rM2 and rA2, which depend on the values of bounds A, B, C, D, E, and F therein, 

as described in the earlier pages (Parts A and B, eqs. 9 A, 9 B, 14 A, 28, 33, 41). At first, 

we select all three antitumour entities. If any of the entities violates any of the necessary or 

sufficient conditions mentioned in aforesaid Part A and B, then we omit this entity and 

consider the other two antitumour entities. Following that, if one condition fails, the 

offending entity is omitted and we turn to the remaining antitumour entity. Below, we 
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explain how to proceed in a scenario where only one or two of the three antitumour 

modalities —DNA damage factor, T-cell, or IL-2 are required.  

 

a) Formulation for two antitumour entities: 
 
Due to the availability of the three different antitumour entities and owing to the 

simultaneous consideration of two entities out of the three, this strategy results in three 

distinct situations (namely T-cell and IL-2, or T-cell and DNA damage factor, or IL-2 and 

DNA damage factor). The aim is the same as with the three entities controls: to get the 

tumour cell population to M = 0 in a definite time tF. Actually, we use the general strategy 

created for the full protocol of three medications in the derivations below. The following 

situation can occurs: 

 

Case 1: DNA impairment with Tumour-infiltrating lymphocyte, (vD(t) and vA(t)) 

(i) Tumour cell module:  

As, the previously defined tumour change rate is M′ = – ĸM(M – M*), by using negative 

bias formulation, we have the following formulation of tumour cell extinction, 

         (Ṁ - Ṁ *) + ĸM(M – M*)=0 

This is similar to three antitumour entity control design. From eq. (17), we have the 

desired concentration of DNA blockage factor in blood (D‡) and the desired population of 

cytotoxic T-cells in blood (A
‡
) respectively as follows: 

         D‡  = −ln(1- UD); and                       A‡   = [s Ml UA / (d – UA)]1/l 

 

(ii) Cytotoxic T-cell module:  

Similarly, for the dynamic control formulation of T-cell induced tumour regression: 

         (Ȧ - Ȧ *) + ĸM(A – A*)=0 



222

and the desired level of tumour-infiltrating lymphocyte formation is: 

 

vA(t)  =  − ൫ ஺݂(ܺ) + ݇஺(� − �∗)൯                                                               
 
 

where, fA(X) = – mA + Aj[(Q2M2) / (k +Q2M2)] – qAM  + (r1K + r2B)M – uKA2 – kA(1– e-D)A 

(iii) DNA impairment factor module: 

Similarly, the dynamic control formulation for DNA blockage factor-induced cancer 

regression is also obtained as: 

         (Ḋ - Ḋ*) + ĸD(D – D*)=0 

while the intended injection rate of tumours – infiltrate lymphocytes formation is: 

vD
‡ = γD - kD (D - D‡)      

Case 2: Tumour-infiltrating lymphocyte with Interleukin, (vA(t) and vI(t)) 

(i) Tumour cell module:  

The formulation of cancer cell extinction with a negative bias is provided by the analysis 

mentioned in chapter 1: 

         (Ṁ - Ṁ *) + ĸM(M – M*)=0 

Also the efficacy factor of cytotoxic T-cell shown earlier, is: 
 

ܷெ =  ቀ ଵ
ெ

ቁ [ ܽ󿿿(1 − ܾ󿿿) − ܿ󏿿󿿿 − 󏿿ெ(1 − ݁ି஽)󿿿 + ݇ெ(󿿿 −  󿿿∗) ]     

with the desired population of cytotoxic T-cell in blood having: 

       A‡   = [s Ml UA / (d – UA)]1/l     
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(ii) Cytotoxic T- cell module:  

The aforesaid expressions we found are comparable to the three antitumour entities 

control strategies (described in Appendix- I), namely: 

Efficacy factor of interleukin-2:    UC = bA / rA1 (1/ rA1 + 1/ rA2 ) 

Efficacy factor of tumour-infiltrating lymphocyte:   vA=bA /rA2H (where H=[1/ rA1+1/ rA2] )    

Desired interleukin-2 concentration in blood: C‡  =   gC UC / (pCA – UC) 

(iii) Interleukin module:  

This is same as the three antitumour entities control systems, each of which has 

Interleukin-2 concentration rate that is desired:     

vC
‡ = μC C -kC (C - C‡) 

  Case 3: Interleukin and DNA impairment factor, (vC(t) and vD(t)) 

(i) Tumour cell module:  

As we discussed earlier, in chapter 2, the negative bias formulation for tumour cell 

elimination term is 

         (Ṁ - Ṁ *) + ĸM(M – M*)=0 

This is similar to the three antitumour entities control design, whereby we have 

Desired DNA impairment factor concentration in blood: D‡  = −ln(1- UD); 

Desired population of cytotoxic T-cells:  A‡   = [s Ml UA / (d – UA)]1/l       
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(ii) Cytotoxic T- cell module:  

 Likewise, the T-cell induced tumour regression control dynamics can be represented by 

         (Ȧ - Ȧ*) + ĸA(A – A*)=0 

and the efficacy factor of interleukin-2 is 

UC =  – [– mA + Aj[(Q2M2) / (k +Q2M2)] – qAM + (r1K + r2B)M – uKA2 – kA(1– e-D)A 

 +  pc AC / (gC + C) + vA(t) + ĸA(A – A*)] 

where the desired interleukin-2 concentration in the blood becomes:      

C‡  =   gC UC / (pCA – UC) 

(iii) DNA impairment factor module:  

Reminiscent of the three antitumour entities control design earlier, we can obtain 

Desired DNA impairment factor concentration in blood    vD
‡(t) = γD - kD (D - D‡)    

(iv) Interleukin module:  

As before, the desired interleukin-2 concentration in blood is,   vC
‡ = μC C -kC (C - C‡)  
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b) Formulation for one antitumour entity: 
 

Before moving on to one of the following three antitumour entities, we first discuss the 

dynamics of the tumour cell.  

Case 1: DNA impairment factor module, vM(t) 

In this instance, the dynamics of the tumour cell and the contribution of the DNA 

blockage factor must be taken into account.  

(i) Tumour cell module:  

Here we have two modules to consider: the tumour cell modules, and its preceding module, 

the DNA blockage factor module (Figure 2.4). Following the same methodology, we can 

take 

         (Ṁ - Ṁ *) + ĸM(M – M*)=0 

Hence, the desired DNA blockage factor formulation in blood;  D‡  = −ln(1- UD); 

Here, the DNA blockage factor efficacy factor;  UD  = bM / gM1 

                         where,  gM1   =  −݇ெM     and  bM   =  – [ ĸM(M – M*) + fM ] 

and, fM  = [ܽ󿿿(1 − ܾ󿿿) − ܿ󏿿󿿿]     

                                                                                                                                  

(ii) DNA impairment factor module:  

Recollecting the DNA impairment factor module of the three antitumour entities control 

design, we have the desired formulation rate of the DNA impairment factor:  

vD
‡(t) = γD - kD (D - D‡)    
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Case 2: Tumour-infiltrating lymphocyte formation rate, vA(t) 

In this case, we attend to the tumour cell module and its predecessor, the tumour infiltrating 

lymphocyte module (Figure 2.4). 

(i) Tumour cell module:  

Since we are dealing with immunomodulation, we consider the tumour cell module when 

under the immunomodulatory effect, namely the tumour infiltrating lymphocyte and 

interleukin-2, i.e. under the two antitumour entities formulation rates, vA(t) and  vC(t). 

Thereby, we have the desired cytotoxic T-cell population in blood: 

 A‡   = [s Ml UA / (d – UA)]1/l                                                                                                                                               

(ii) Cytotoxic T-cell module:  

This resembles the cytotoxic T lymphocyte module under the effect of two antitumour 

entities, i.e. the formation rates of DNA impairment and tumour-infiltrating lymphocytes, 

i.e. the vM(t) and vA(t). Thus, the desired formation rate of tumour-infiltrating lymphocytes 

is: 

 vA(t)  =  − ൫ ௅݂஺(ܺ) + ݇஺(� − �∗)൯     

                                                           

Case 3: Interleukin-2 formation rate, vC(t) 

Since the interleukin-2 dosage module vC(t), is most distant from the tumour cell module, 

we need to consider the three successive entities: tumour cell, cytotoxic T-cell and 

interleukin-2 module. 

 

 

 



227

(i) Tumour cell module:  

The derivation parallels the tumour cell module of the two antitumour entities, when 

formation rate of tumour-infiltrating lymphocytes and interleukin-2, vA(t) and  vC(t), are 

used. Thence the desired cytotoxic T-cell population in blood is: 

    A‡   = [s Ml UA / (d – UA)]1/l                                                                                                                               

(ii) Cytotoxic T-cell module:  

Here, also the derivation is same as the cytotoxic T-cell module of two the antitumour 

entities where one uses the formation rates of DNA impairment factor and interleukin-2, 

vD(t) and vC(t). Thereby the desired interleukin-2 concentration in blood is obtained as: 

 C‡  =   gC UC / (pCA – UC) 

(iii) Interleukin-2 module: 

This is reminiscent of the three antitumour entities administration; whereby the desired 

formation rate of interleukin-2 is:   

   vC
‡ = μC C -kC (C - C‡) 

Following the procedures mentioned above, the one can determined the time-wise profile 

of the blood concentration of the antitumour entities and their formation rates of these 

entities. The individual concentration levels and formation rates vary with time, and this 

temporal profile of the antitumour entities (DNA blockage factor, Cytotoxic T- lymphocyte 

and Interleukin-2) drives the tumour cell population to extinction in the desired time 

duration. 
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APPENDIX – III (A) 

Upregulated genes at time point t1 

Probe Set ID Gene Name Log FC P.Value 

Ssc.30843.1.A1_at Q96LP2 5.09625862 2.5E-05 
Ssc.13778.1.S1_at IGHM 3.64518632 0.00483 
Ssc.8843.1.A1_at FN1 2.02799876 0.01463 
Ssc.17853.1.A1_at REM1 1.98507736 0.002 
Ssc.19179.1.A1_at NP_055654 1.9264786 0.02948 
Ssc.27289.1.S1_at GRIK2 1.86819834 0.00752 
Ssc.11858.1.S1_at FMOD 1.8643975 0.00603 
Ssc.4258.1.S1_at TP53I11 1.86029917 0.00178 
Ssc.29707.1.A1_at NP_115822 1.85472412 0.00139 
Ssc.11698.1.A1_at SIAT8D 1.76742182 0.00084 
Ssc.25888.1.A1_at NFIB 1.76622848 0.00261 
Ssc.29185.1.A1_at ITGA8 1.76621301 0.00432 
Ssc.2070.1.S1_at EPB41L1 1.76289291 7.5E-05 
Ssc.8965.1.A1_at EPAS1 1.75478446 0.01278 
Ssc.2064.1.A1_at Q86SM2 1.72424482 0.00022 
Ssc.6656.1.A1_at FNDC1 1.61675476 0.01466 
Ssc.314.1.S1_at ADM 1.57717706 0.01586 
Ssc.30055.1.A1_at RUNX1 1.51028593 0.02231 
Ssc.24337.1.S1_at MAPK9 1.4910113 0.032 
Ssc.14422.1.A1_at C6orf190 1.48253385 0.01322 
Ssc.8569.1.A1_at Q6NVV9 1.47638439 0.00279 
Ssc.14164.1.A1_at Q8N4P4 1.47420771 0.00605 
Ssc.5631.1.S1_at EPB41L1 1.45708193 0.00124 
Ssc.9883.1.A1_at ADRBK2 1.38293739 0.0007 
Ssc.20491.1.A1_at CLCN3 1.37308516 0.01877 
Ssc.29372.1.A1_at Q63HM9 1.37177953 0.04391 
Ssc.27786.1.S1_at PFKFB3 1.32202806 0.00407 
Ssc.16187.1.S1_at PTGDS 1.30616662 0.03569 
Ssc.11992.1.A1_at CLU 1.30234557 0.01724 
Ssc.7907.1.A1_at SIAT1 1.30015215 0.023 
Ssc.18359.1.S1_at CCR1 1.27669738 0.04576 
Ssc.1600.1.A1_a_at Q8N4P4 1.17748454 0.00552 
Ssc.5910.1.A1_at VAV1 1.16612458 0.0494 
Ssc.16985.1.S1_at IL18BP 1.13172202 0.01786 
Ssc.11787.2.A1_at RASSF2 1.13110809 0.02894 



230

Ssc.5826.1.A1_at CSF1R 1.12066561 0.02397 
Ssc.15892.1.S1_at KCNAB2 1.11647368 0.03449 
Ssc.29929.1.S1_at ANGPTL2 1.11116635 0.00757 
Ssc.4520.1.S1_at MYO1D 1.1066335 0.04137 
Ssc.29026.1.S1_at EPB41L1 1.09542659 0.00239 
Ssc.15360.1.A1_a_at SOX18 1.09371615 0.00883 
Ssc.13825.1.A1_at CABLES1 1.09085197 0.04619 
Ssc.28019.1.A1_at ATRNL1 1.07712333 0.01356 
Ssc.1902.1.A1_at Q8N200 1.05216308 0.04076 
Ssc.4345.1.S1_at COL4A1 1.05055533 0.00175 
Ssc.2897.1.S1_at CBLB 1.04402778 0.02037 
Ssc.13356.1.A1_at TKTL1 1.04160997 0.0076 
Ssc.6365.1.A1_at SYNE1 1.03083458 0.00371 
Ssc.25203.1.S1_at SCARA3 1.02684401 0.01165 
Ssc.29504.1.A1_at HYDIN 1.02434073 0.01694 
Ssc.1017.1.S1_at NP_056234 1.02069193 0.03923 
Ssc.12790.1.A1_at VEGFC 1.01248312 0.02595 
Ssc.11440.1.A1_at RCOR3 1.01151092 0.00027 
Ssc.24733.1.A1_at Q8IY15 1.01125332 0.01025 

 

Downregulated genes at time point t1 

Probe Set ID Gene Name Log FC P.Value 

Ssc.1313.1.A1_at NP_077001 -1.035 0.0004 
Ssc.31207.1.S1_at TMPO -1.0655 0.01169 
Ssc.21168.1.S1_at HSPA14 -1.0841 3.5E-05 
Ssc.9311.1.A1_at PHLDA1 -1.1051 0.0048 
Ssc.15824.1.S1_at KPNA2 -1.1385 0.01054 
Ssc.6430.1.A1_at VAPB -1.1477 0.02661 
Ssc.24122.1.S1_at KNTC2 -1.1592 0.0234 
Ssc.8308.1.A1_at CHL1 -1.1613 0.02133 
Ssc.19649.2.S1_at PSMD14 -1.2206 0.00022 
Ssc.2045.2.S1_at SLC23A3 -1.2472 0.00618 
Ssc.6707.1.A1_at GLDC -1.2667 0.00152 
Ssc.23877.1.S1_at CCNA2 -1.3384 0.00524 
Ssc.16088.1.S1_at HMGCR -1.3973 0.01116 
Ssc.26386.2.S1_a_at NP_057185 -1.4934 0.00177 
Ssc.13665.1.A1_at SCML2 -1.8469 0.00012 
Ssc.20101.1.S1_at G1P3 -2.2007 0.029 
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Upregulated genes at time point t2 

Probe Set ID Gene Name Log FC P.Value 

Ssc.13778.1.S1_at IGHM 5.67482 0.00013 
Ssc.30843.1.A1_at Q96LP2 4.44237 0.00021 
Ssc.19946.1.S1_at IGLC1 4.05304 0.00152 
Ssc.22164.1.S1_at ATP6V0D2 4.04613 0.00016 
Ssc.9914.1.A1_at CKB 3.57454 6.1E-05 
Ssc.14275.1.A1_at Q96LP2 3.55771 0.00021 
Ssc.5887.1.A1_at Q96LP2 3.28737 0.00021 
Ssc.8843.1.A1_at FN1 2.89563 0.00162 
Ssc.140.1.S1_at AMBN 2.6721 0.00258 
Ssc.575.1.S1_at ACP5 2.5654 3.7E-05 
Ssc.4520.1.S1_at IGHM 2.51308 0.00013 
Ssc.44.1.S1_at ITGB3 2.50292 0.00815 
Ssc.12774.1.A1_at NP_940851 2.48555 7.9E-06 
Ssc.14561.1.S1_at ITGB2 2.46495 0.0008 
Ssc.11075.3.S1_a_at TVB1_HUMAN 2.45304 0.04079 
Ssc.26709.1.S1_at EBI2 2.4368 0.00203 
Ssc.20177.1.S1_at ITGB2 2.42692 0.0007 
Ssc.11006.1.S1_at SNX10 2.38426 5.4E-05 
Ssc.13490.1.A1_at STX7 2.35453 0.00445 
Ssc.30761.1.A1_at PSD4 2.33952 0.00147 
Ssc.17853.1.A1_at REM1 2.29709 0.00085 
Ssc.24984.1.S1_at ASAHL 2.2688 0.00461 
Ssc.8965.1.A1_at EPAS1 2.24248 0.00331 
Ssc.508.1.S1_at FCER1G 2.22444 0.00514 
Ssc.5826.1.A1_at Q96LP2 2.20903 0.00017 
Ssc.12817.1.S1_at PLXNA2 2.16675 0.00032 
Ssc.22030.1.S1_at CCL5 2.16659 0.03752 
Ssc.18359.1.S1_at CCR1 2.15474 0.00263 
Ssc.507.1.A1_at REM1 2.15086 0.00101 
Ssc.11858.1.S1_at FMOD 2.14319 0.00306 
Ssc.5950.1.S1_at DNM1 2.12712 0.01072 
Ssc.5381.1.A1_at COL27A1 2.08316 0.00648 
Ssc.428.5.S1_at TCA_HUMAN 2.08273 0.03386 
Ssc.151.1.S1_at CYBB 2.08116 0.01844 
Ssc.26337.1.S1_at PSD4 2.03985 0.00144 
Ssc.20258.1.S1_at Q8N4T3 1.99177 0.02489 
Ssc.2187.1.S1_at ITGB2 1.98419 0.00059 
Ssc.11243.1.A1_at KIF23 1.98418 0.00347 
Ssc.4258.1.S1_at TP53I11 1.98386 0.00154 
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Ssc.11992.1.A1_at CLU 1.96924 0.00126 
Ssc.16985.1.S1_at IL18BP 1.92192 0.00045 
Ssc.19359.2.S1_at MBP 1.90985 0.02196 
Ssc.2897.1.S1_at CBLB 1.90635 0.00028 
Ssc.23014.1.S1_at ITGB2 1.90064 0.00061 
Ssc.16769.1.S1_at REM1 1.89839 0.00093 
Ssc.18272.1.A1_at SNX10 1.89206 5.3E-05 
Ssc.15892.1.S1_at KCNAB2 1.87578 0.00162 
Ssc.10328.1.A1_at NP_942123 1.87156 0.03843 
Ssc.3621.1.S1_at DPYSL3 1.86229 0.00485 
Ssc.23804.1.S1_at SLC7A3 1.85693 0.00612 
Ssc.7907.1.A1_at EPAS1 1.84462 0.0033 
Ssc.21300.1.S1_at PAPOLA 1.834 0.00235 
Ssc.27790.1.A1_at SNX10 1.80783 4.6E-05 
Ssc.30598.1.A1_at NRP2 1.79691 0.0004 
Ssc.10931.1.S1_at CRYAB 1.79059 0.02537 
Ssc.30055.1.A1_at RUNX1 1.78716 0.01116 
Ssc.24337.1.S1_at MAPK9 1.77316 0.01659 
Ssc.15419.1.S1_at BTK 1.76048 0.01466 
Ssc.16186.1.S1_at CD3E 1.7473 0.04381 
Ssc.5.1.S1_a_at CLECSF5 1.74678 0.03091 
Ssc.16766.1.A1_at DOK2 1.73921 0.00737 
Ssc.19344.1.A1_at RH25_HUMAN 1.73547 0.01022 
Ssc.21570.1.S1_at HEM1 1.72957 0.02251 
Ssc.5287.1.S1_at NP_443170 1.71689 0.00176 
Ssc.5530.2.S1_at ZNF205 1.71132 0.01243 
Ssc.17159.1.S1_at IMP1_HUMAN 1.70002 0.01392 
Ssc.4283.1.S1_at BIN2 1.69722 0.0048 
Ssc.5910.1.A1_at VAV1 1.69286 0.00888 
Ssc.8594.1.A1_at BLNK 1.68648 0.02122 
Ssc.116.1.S1_at GGT1 1.6733 0.00834 
Ssc.19648.1.S1_at PSD4 1.66602 0.00145 
Ssc.16932.1.S1_at CNOT2 1.65264 0.01106 
Ssc.4792.1.A1_at PRKCB1 1.64567 0.01288 
Ssc.4779.1.A1_at CPM 1.64452 0.00543 
Ssc.9330.1.A1_at LCP1 1.60983 0.00415 
Ssc.19836.1.S1_at SLC31A2 1.59581 0.03036 
Ssc.26328.1.S1_at CCR5 1.59068 0.0414 
Ssc.16912.2.S1_at Q9BY89 1.57954 0.02075 
Ssc.3761.1.A1_at C6orf103 1.57954 7.9E-05 
Ssc.1902.1.A1_at Q8N200 1.57659 0.00529 
Ssc.6656.1.A1_at FNDC1 1.56197 0.02311 
Ssc.18135.1.S1_at PRELP 1.55079 0.00604 
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Ssc.13176.1.S1_at MBP 1.54071 0.02185 
Ssc.14371.1.S1_at MAP1A 1.53683 0.0151 
Ssc.22037.2.S1_at LAM5_HUMAN 1.53579 0.01787 
Ssc.820.1.S1_at ANPEP 1.53524 0.03397 
Ssc.23516.1.S1_at SATB1 1.53222 0.03505 
Ssc.18425.1.S1_at PTPRCAP 1.52611 0.02873 
Ssc.15612.1.S1_at PSD4 1.52553 0.0015 
Ssc.7176.1.A1_at CXCR4 1.52266 0.00496 
Ssc.11787.2.A1_at RASSF2 1.51281 0.00702 
Ssc.9553.1.A1_s_at NP_054778 1.50983 0.01409 
Ssc.8063.1.A1_at NP_061900 1.48693 0.0387 
Ssc.13296.1.A1_at FMOD 1.47149 0.00293 
Ssc.6785.1.S1_at LRP1 1.46053 0.01789 
Ssc.8569.1.A1_at STX7 1.45681 0.00445 
Ssc.29504.1.A1_at HYDIN 1.44748 0.00218 
Ssc.18375.1.A1_at SEMA4D 1.44001 0.01376 
Ssc.2624.1.S1_at Q8NHP8 1.43982 0.00168 
Ssc.25839.1.S1_at ECE2 1.43457 0.0109 

 

Downregulated genes at time point t2 

Probe Set ID Gene Name Log FC P.Value 

Ssc.13499.1.A1_at Q96KZ8 -1.00220 0.00041 
Ssc.6789.2.S1_at Q9BWC9 -1.01579 0.03728 
Ssc.28128.1.A1_at NRXN3 -1.02156 0.00533 
Ssc.8308.1.A1_at CHL1 -1.02159 0.04919 
Ssc.14286.1.A1_at C10orf78 -1.02896 0.00478 
Ssc.25975.1.S1_at HRMT1L3 -1.03380 0.00034 
Ssc.7910.2.A1_a_at HELLS -1.03685 0.00318 
Ssc.27652.1.A1_at FAM33A -1.04155 0.00033 
Ssc.9434.1.A1_at MARK1 -1.04393 0.02844 
Ssc.10723.1.A1_at FSHPRH1 -1.04575 0.00011 
Ssc.29168.1.A1_at PLA2G4A -1.04817 0.00212 
Ssc.5073.1.A1_at EZH2 -1.05170 0.00354 
Ssc.8180.1.A1_at RFX4 -1.05615 0.04886 
Ssc.22613.1.S1_at Q7Z672 -1.06382 0.00036 
Ssc.24916.1.S1_at ESPL1 -1.07530 0.02052 
Ssc.29056.1.S1_at WDR43 -1.09256 0.01981 
Ssc.18679.1.S1_at TRIM59 -1.10309 0.00378 
Ssc.13526.1.A1_at C10orf64 -1.10761 0.00096 
Ssc.13295.1.A1_at SNX25 -1.10884 0.01226 
Ssc.9387.2.S1_at PCNA -1.10960 0.00231 
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Ssc.26779.1.A1_at CDH17 -1.11128 0.00020 
Ssc.26662.1.S1_at Q9H989 -1.11787 0.00777 
Ssc.27995.1.A1_at UHRF1 -1.12336 0.01472 
Ssc.1408.2.S1_at MCM2 -1.12336 0.00706 
Ssc.17900.1.S1_at C6orf162 -1.12745 0.00182 
Ssc.4612.1.S1_at MCM4 -1.12801 0.00435 
Ssc.7153.1.A1_at NASP -1.13065 0.00190 
Ssc.29706.1.A1_at NP_054828 -1.13686 0.01381 
Ssc.19940.1.S1_at CCDC5 -1.14127 0.00002 
Ssc.7202.1.A1_at MCM6 -1.14339 0.00095 
Ssc.4403.1.A1_at CKS1B -1.14902 0.00003 
Ssc.16363.1.S1_at TMOD3 -1.14961 0.02086 
Ssc.16088.1.S1_at HMGCR -1.15409 0.03971 
Ssc.24195.1.A1_at ARHGAP19 -1.16515 0.00021 
Ssc.24459.1.S1_at NP_057532 -1.16660 0.01287 
Ssc.24353.1.S1_at VRK1 -1.17160 0.00103 
Ssc.21974.2.S1_a_at OSGEP -1.18067 0.00040 
Ssc.6654.1.A1_at ACSL3 -1.18730 0.03462 
Ssc.19205.1.A1_at C7orf24 -1.18903 0.00018 
Ssc.6338.2.S1_at USP1 -1.18982 0.00106 
Ssc.9311.1.A1_at PHLDA1 -1.19071 0.00394 
Ssc.24505.1.A1_at DZIP1 -1.21352 0.00410 
Ssc.13476.1.A1_at Q86TG7 -1.21378 0.04162 
Ssc.29650.1.A1_at CHEK1 -1.22007 0.00055 
Ssc.31027.1.A1_at KIAA1333 -1.23674 0.00033 
Ssc.226.1.S1_at HMGB2 -1.23874 0.00113 
Ssc.2045.2.S1_at SLC23A3 -1.24221 0.00875 
Ssc.11477.1.S1_at IMMP2L -1.24364 0.00139 
Ssc.5721.1.S1_at CDC45L -1.25383 0.00307 
Ssc.23207.1.S1_at RNF2 -1.25694 0.00335 
Ssc.25336.1.S1_at KIAA1430 -1.26113 0.00592 
Ssc.9387.1.A1_at PCNA -1.26415 0.00318 
Ssc.18136.1.A1_at NP_079143 -1.28426 0.00256 
Ssc.18907.1.A1_at DNA2L -1.29992 0.00013 
Ssc.26386.2.S1_a_at NP_057185 -1.31685 0.00665 
Ssc.19205.2.S1_at C7orf24 -1.32061 0.00023 
Ssc.19675.1.S1_at RACGAP1 -1.32262 0.00100 
Ssc.16931.1.S1_at CCNB3 -1.33225 0.00019 
Ssc.11984.1.A1_at FANCD2 -1.33242 0.00030 
Ssc.5983.1.A1_at Q9NSG2 -1.34550 0.00063 
Ssc.10642.1.S1_at CTNNA3 -1.36346 0.00371 
Ssc.11264.1.A1_at TOM1L2 -1.36881 0.00098 
Ssc.27353.1.A1_at CHAF1B -1.37224 0.00088 
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Ssc.29094.1.A1_at ECT2 -1.37457 0.00046 
Ssc.7139.1.S1_at DHFR -1.38693 0.00045 
Ssc.2712.1.S1_at NP_055544 -1.39243 0.00551 
Ssc.7546.1.A1_at NP_955389 -1.39759 0.00007 
Ssc.11164.2.S1_a_at Q96JN1 -1.40730 0.00274 
Ssc.31026.1.A1_at Q86T96 -1.42889 0.00226 
Ssc.20770.1.S1_at NSD1 -1.43943 0.00215 
Ssc.23877.2.A1_at CCNA2 -1.43989 0.00055 
Ssc.21605.2.S1_at NUSAP1 -1.44307 0.00030 
Ssc.11630.1.S1_at PTTG2 -1.44755 0.00076 
Ssc.24094.1.S1_at Q9BSJ6 -1.45046 0.00966 
Ssc.21605.1.S1_a_at NUSAP1 -1.45132 0.00136 
Ssc.27540.2.S1_at UBE2C -1.45271 0.00367 
Ssc.2953.1.A1_at C21orf45 -1.47204 0.00074 
Ssc.7517.1.A1_at Q8N340 -1.47823 0.00896 
Ssc.21611.1.S1_at TRPC5 -1.49554 0.00184 
Ssc.5129.1.S1_at MAD2L1 -1.50154 0.00010 
Ssc.26753.1.A1_at CACNA2D1 -1.51881 0.01843 
Ssc.12493.1.A1_at PAFAH1B2 -1.52289 0.00012 
Ssc.7621.1.A1_at ANLN -1.53097 0.00327 
Ssc.432.1.S1_at BIRC5 -1.53222 0.00350 
Ssc.18205.1.S1_at Q9BSD3 -1.54181 0.00020 
Ssc.5401.1.S1_at Q14691 -1.54897 0.00147 
Ssc.15824.1.S1_at KPNA2 -1.55768 0.00147 
Ssc.27206.1.A1_at RAB6B -1.56919 0.02162 
Ssc.2754.1.S1_at PRC1 -1.56951 0.00235 
Ssc.25215.1.A1_at PLK4 -1.59078 0.00011 
Ssc.7190.1.S1_at BUB1B -1.60832 0.00092 
Ssc.5371.3.S1_a_at POLE2 -1.65905 0.00091 
Ssc.2154.3.S1_a_at KIF2C -1.67045 0.00245 
Ssc.17991.1.A1_at Q6ZN37 -1.67705 0.00257 
Ssc.11879.1.A1_at CDC6 -1.68145 0.00288 
Ssc.7218.1.A1_at KIAA0101 -1.68248 0.00138 
Ssc.13876.1.S1_at NEK2 -1.68422 0.00346 
Ssc.2224.1.S1_at CENPF -1.69221 0.00194 
Ssc.27717.1.S1_at CDK11 -1.70528 0.00079 
Ssc.5721.3.S1_a_at CDC45L -1.72445 0.00144 
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Upregulated genes at time point t3 

Probe Set ID Gene Name Log FC P.Value 

Ssc.14275.1.A1_at CALCR 7.12082 0.00000 
Ssc.13778.1.S1_at IGHM 6.91222 0.00001 
Ssc.22164.1.S1_at ATP6V0D2 6.21724 0.00000 
Ssc.30843.1.A1_at Q96LP2 6.06362 0.00000 
Ssc.9914.1.A1_at CKB 5.19846 0.00000 
Ssc.19946.1.S1_at IGLC1 4.88860 0.00026 
Ssc.44.1.S1_at ITGB3 4.76798 0.00002 
Ssc.5.1.S1_a_at CLECSF5 4.71424 0.00000 
Ssc.4520.1.S1_at MYO1D 4.60638 0.00000 
Ssc.26709.1.S1_at EBI2 4.55933 0.00000 
Ssc.27790.1.A1_at SIGLEC5 4.54622 0.00000 
Ssc.13490.1.A1_at STX7 4.49171 0.00001 
Ssc.8843.1.A1_at FN1 4.47863 0.00002 
Ssc.20258.1.S1_at Q8N4T3 4.43314 0.00003 
Ssc.10328.1.A1_at NP_942123 4.35451 0.00005 
Ssc.30059.1.A1_at NP_115724 4.33218 0.00006 
Ssc.24984.1.S1_at ASAHL 4.31292 0.00001 
Ssc.116.1.S1_at GGT1 4.24825 0.00000 
Ssc.6656.1.A1_at FNDC1 4.15442 0.00000 
Ssc.140.1.S1_at AMBN 4.03418 0.00004 
Ssc.4128.1.A1_at PDE4DIP 4.02149 0.00000 
Ssc.11006.1.S1_at SNX10 3.98494 0.00000 
Ssc.20177.1.S1_at SPI1 3.97537 0.00000 
Ssc.4258.1.S1_at TP53I11 3.97340 0.00000 
Ssc.16640.1.A1_at NP_009199 3.96374 0.00122 
Ssc.17853.1.A1_at REM1 3.95911 0.00000 
Ssc.18011.1.S1_at POPDC3 3.94528 0.00010 
Ssc.5950.1.S1_at DNM1 3.93491 0.00004 
Ssc.2187.1.S1_at CUTL2 3.92843 0.00000 
Ssc.14561.1.S1_at ITGB2 3.89810 0.00000 
Ssc.19836.1.S1_at SLC31A2 3.86734 0.00001 
Ssc.12128.1.A1_at NP_940851 3.85855 0.00000 
Ssc.30761.1.A1_at PSD4 3.84103 0.00001 
Ssc.26200.1.S1_at THRB 3.82928 0.00000 
Ssc.820.1.S1_at ANPEP 3.82149 0.00001 
Ssc.12817.1.S1_at PLXNA2 3.80896 0.00000 
Ssc.6765.1.S1_at SCIN 3.80222 0.00024 
Ssc.11858.1.S1_at FMOD 3.78240 0.00001 
Ssc.8261.1.A1_at CYP2C9 3.77004 0.00051 
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Ssc.9362.1.A1_at COL1A2 3.73702 0.00001 
Ssc.5381.1.A1_at COL27A1 3.70662 0.00003 
Ssc.18359.1.S1_at CCR1 3.68305 0.00001 
Ssc.5826.1.A1_at CSF1R 3.68300 0.00000 
Ssc.11243.1.A1_at KIF23 3.66408 0.00001 
Ssc.11992.1.A1_at CLU 3.64200 0.00000 
Ssc.508.1.S1_at FCER1G 3.61783 0.00005 
Ssc.19359.1.A1_at MBP 3.60163 0.00001 
Ssc.5287.1.S1_at NP_443170 3.60006 0.00000 
Ssc.4283.1.S1_at BIN2 3.59273 0.00000 
Ssc.18895.1.A1_at FAM40B 3.56091 0.00000 
Ssc.11075.3.S1_a_at TVB1_HUMAN 3.54770 0.00485 
Ssc.507.1.A1_at TYROBP 3.53415 0.00000 
Ssc.4511.1.S1_at DHRS3 3.51406 0.00013 
Ssc.16912.1.S1_at Q9BY89 3.50529 0.00000 
Ssc.4779.1.A1_at CPM 3.49541 0.00000 
Ssc.2897.1.S1_at CBLB 3.49086 0.00000 
Ssc.10931.1.S1_at CRYAB 3.47941 0.00013 
Ssc.16218.1.S1_at ITGA2 3.46512 0.00000 
Ssc.575.1.S1_at ACP5 3.44830 0.00000 
SscAffx.21.1.S1_at CYP7A1 3.44291 0.00000 
Ssc.8965.1.A1_at EPAS1 3.42390 0.00005 
Ssc.8594.1.A1_at BLNK 3.42108 0.00006 
Ssc.30055.1.A1_at RUNX1 3.41994 0.00003 
Ssc.26893.1.A1_at NP_114141 3.41533 0.00019 
Ssc.15419.1.S1_at BTK 3.39813 0.00005 
Ssc.27201.1.S1_a_at CCRL2 3.38752 0.00028 
Ssc.26337.1.S1_at ICAM2 3.36781 0.00001 
Ssc.19688.1.S1_at CHRNA1 3.36575 0.00015 
Ssc.20133.1.A1_at THY1 3.36271 0.00000 
Ssc.16234.1.S1_at TCN1 3.36206 0.00233 
Ssc.27360.1.A1_at TIAM1 3.34197 0.00110 
Ssc.26060.1.A1_at MAFB 3.32355 0.00004 
Ssc.15378.1.A1_at NP_078993 3.31854 0.00001 
Ssc.29185.1.A1_at ITGA8 3.31755 0.00001 
Ssc.7176.1.A1_at CXCR4 3.31679 0.00000 
Ssc.21537.1.A1_at PARVB 3.29538 0.00000 
Ssc.4466.1.S1_at TEC 3.29374 0.00000 
Ssc.428.5.S1_at TCA_HUMAN 3.28569 0.00179 
Ssc.25888.1.A1_at NFIB 3.28243 0.00001 
Ssc.23516.1.S1_at SATB1 3.27466 0.00010 
Ssc.19364.1.S1_at C2 3.25614 0.00054 
Ssc.2624.2.S1_at Q8NHP8 3.25565 0.00000 
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Ssc.16494.1.A1_at DOK3 3.24516 0.00000 
Ssc.24337.1.S1_at MAPK9 3.23972 0.00011 
Ssc.18272.1.A1_at TCIRG1 3.23452 0.00000 
Ssc.18504.1.S1_at DSCR1L1 3.19751 0.00000 
Ssc.8647.1.A1_at DISC1 3.17952 0.00001 
Ssc.12138.1.A1_at ROBO1 3.17779 0.00005 
Ssc.23770.1.S1_at ARSB 3.16857 0.00000 
Ssc.151.1.S1_at CYBB 3.16388 0.00087 
Ssc.1526.1.S1_at Q8N2F5 3.16283 0.00003 
Ssc.18375.1.A1_at SEMA4D 3.16044 0.00001 
Ssc.23834.1.S1_at SUSD3 3.15697 0.00001 
Ssc.18343.1.A1_at NP_938203 3.15546 0.00008 
Ssc.19344.1.A1_at RH25_HUMAN 3.15526 0.00005 
Ssc.9330.1.A1_at LCP1 3.13755 0.00000 
Ssc.21091.1.S1_at MYO1F 3.12812 0.00005 
Ssc.20917.1.S1_at C5orf13 3.12520 0.00004 
Ssc.26328.1.S1_at CCR5 3.12272 0.00036 
Ssc.30598.1.A1_at NRP2 3.10583 0.00000 

 

Downregulated genes at time point t3 

Probe Set ID Gene Name Log FC P.Value 

Ssc.15257.1.S1_a_at ACE2 -1.00045 0.00033 
Ssc.21124.1.S1_at O43328 -1.00680 0.00020 
Ssc.30633.1.S1_at NP_060835 -1.00814 0.00081 
Ssc.28023.1.A1_at ZNF521 -1.01111 0.00034 
Ssc.17250.1.S1_at QDPR -1.01119 0.00164 
Ssc.11012.1.A1_at MSRB_HUMAN -1.01343 0.01673 
Ssc.25151.1.S1_at C6orf79 -1.01384 0.00010 
Ssc.13593.1.A1_at Q9C0F7 -1.01527 0.00001 
Ssc.8143.1.A1_at RAPGEF2 -1.01600 0.00034 
Ssc.25216.1.S1_at PLCZ1 -1.01808 0.00003 
Ssc.9439.1.A1_a_at FUBP1 -1.01954 0.00002 
Ssc.1705.1.S1_at PCBD -1.02035 0.00613 
Ssc.7523.1.A1_at PHB -1.02119 0.00036 
Ssc.24392.1.S1_at RAB5B -1.02239 0.01602 
Ssc.30944.1.A1_at MRE11A -1.02370 0.00248 
Ssc.3998.1.S1_at Q96EY4 -1.02897 0.00032 
Ssc.2505.2.S1_at AKAP11 -1.03112 0.00204 
Ssc.8819.1.A1_at HPS3 -1.03190 0.00464 
Ssc.3249.1.S1_at QSCN6 -1.03274 0.00390 
Ssc.24918.1.S1_at Q9P2K6 -1.03354 0.00236 
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Ssc.22204.2.A1_at PIP3AP -1.03447 0.00002 
Ssc.7413.1.A1_at DNMT3B -1.03590 0.00000 
Ssc.14573.1.S1_at EYA2 -1.03599 0.00021 
Ssc.7281.2.A1_at SFRS10 -1.03676 0.00000 
Ssc.22547.1.S1_at TTF2 -1.03792 0.00034 
Ssc.21547.1.A1_at Q9UI58 -1.03977 0.00328 
Ssc.5517.1.A1_at MAP3K12 -1.04156 0.00116 
Ssc.7446.1.S1_a_at PPID -1.04179 0.00000 
Ssc.22824.1.S1_at SEPHS1 -1.04246 0.00042 
Ssc.3091.1.A1_at HECA -1.04322 0.00038 
Ssc.4482.2.S1_at PPP2R5C -1.04560 0.00575 
Ssc.7221.1.S1_at H2AFV -1.04633 0.00000 
Ssc.19103.1.A1_at MED8 -1.04725 0.00123 
Ssc.30818.1.S1_at NUFIP1 -1.04955 0.00023 
Ssc.25561.1.A1_at PWP1_HUMAN -1.04965 0.00005 
Ssc.5220.1.S1_at SFRS9 -1.05033 0.00002 
Ssc.10395.1.A1_at TAF9 -1.05271 0.00005 
Ssc.3952.1.S1_at SAE2_HUMAN -1.05353 0.00000 
Ssc.1006.1.S1_at PGM1 -1.05431 0.00101 
Ssc.11700.1.A1_at SERAC1 -1.05557 0.00019 
Ssc.25535.1.S1_at TM6SF1 -1.05564 0.00035 
Ssc.6448.1.S1_at Q6GMV3 -1.05675 0.00011 
Ssc.27880.1.S1_at BID -1.05842 0.00005 
Ssc.5524.1.S1_at C1orf24 -1.05843 0.00270 
Ssc.4556.1.S1_at NUP107 -1.05918 0.00009 
Ssc.17027.1.S1_at ATAD3A -1.05926 0.00012 
Ssc.1449.1.S1_at SMC1L1 -1.06420 0.00002 
Ssc.5300.1.S1_at NP_060209 -1.06534 0.00108 
Ssc.5638.1.S1_at FKBP4 -1.06634 0.00035 
Ssc.8379.1.A1_at SLC35A1 -1.06705 0.00010 
Ssc.6423.1.A1_at KIAA0934 -1.06867 0.04689 
Ssc.31040.1.A1_at CC4L_HUMAN -1.07230 0.00016 
Ssc.2879.1.S1_at SLC25A25 -1.07353 0.00449 
Ssc.25399.1.S1_at FBXL11 -1.07519 0.00000 
Ssc.8274.1.A1_at PFN2 -1.07522 0.01618 
Ssc.1398.1.S1_at KCTD15 -1.07742 0.00069 
Ssc.9450.1.S1_at MYLK -1.07794 0.00791 
Ssc.3772.1.A1_at SGCE -1.07888 0.00103 
Ssc.1632.1.S1_at DKKL1 -1.08325 0.00116 
Ssc.26113.2.S1_at Q9H6L5 -1.08332 0.02777 
Ssc.10928.1.A1_at PCTK2 -1.08640 0.00079 
Ssc.10918.1.A1_at NP_057142 -1.08792 0.00002 
Ssc.1210.1.A1_at C14orf130 -1.08914 0.00001 
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Ssc.12091.1.A1_at SMARCA1 -1.09155 0.00396 
Ssc.17872.1.A1_at NR2F1 -1.09463 0.01696 
Ssc.24250.1.S1_at CRABP2 -1.09700 0.01425 
Ssc.5008.1.A1_at GSTA4 -1.09803 0.00033 
Ssc.7735.2.S1_at ARPC1A -1.10072 0.00005 
Ssc.16964.2.S1_a_at C13orf11 -1.10481 0.00029 
Ssc.21545.1.S1_at PCNX -1.10491 0.00294 
Ssc.24422.1.S1_at UBE2S -1.10576 0.00008 
Ssc.9819.1.S1_at PGRMC1 -1.10716 0.00188 
Ssc.12709.1.A1_at LMNB2 -1.10987 0.00003 
Ssc.10723.1.A1_at FSHPRH1 -1.11069 0.00005 
Ssc.21205.1.S1_at MRPL19 -1.11114 0.00008 
Ssc.24710.1.S1_at Q8IYR3 -1.11164 0.00225 
Ssc.18474.1.S1_at EIF2B3 -1.11444 0.00004 
Ssc.5105.2.S1_a_at GPRC5B -1.11681 0.00229 
Ssc.20772.1.S1_at USP39 -1.11988 0.00010 
Ssc.6371.1.A1_at PRNP -1.12016 0.00237 
Ssc.16861.1.A1_at Q8N221 -1.12041 0.00006 
Ssc.12888.1.S1_at WRB -1.12422 0.00012 
Ssc.7797.1.S1_at TMED8 -1.13034 0.00008 
Ssc.8408.1.A1_at Q8N815 -1.13154 0.00005 
Ssc.3313.1.S1_at HSPA4 -1.13164 0.00004 
Ssc.30936.1.S1_at ACTR8 -1.13396 0.00025 
Ssc.24084.1.A1_at ACVR2B -1.13500 0.00646 
Ssc.21701.1.S1_at FEN1 -1.13571 0.00014 
Ssc.8905.1.A1_at NP_976224 -1.13698 0.00219 
Ssc.19940.1.S1_at CCDC5 -1.13747 0.00002 
Ssc.22216.1.A1_at RBBP8 -1.13792 0.00001 
Ssc.29410.1.A1_at PLCB4 -1.13979 0.04825 
Ssc.12312.1.A1_at NOLC1 -1.14097 0.00002 
Ssc.12335.2.S1_a_at Q8WVE0 -1.14217 0.00009 
Ssc.18635.1.S1_at SIVA_HUMAN -1.14474 0.00004 
Ssc.17330.2.A1_at C10orf86 -1.14687 0.00000 
Ssc.7694.1.A1_at TOPBP1 -1.14717 0.00000 
Ssc.20481.1.A1_at KIAA0020 -1.14773 0.00003 
Ssc.18475.2.S1_at PTE2_HUMAN -1.14848 0.00002 
Ssc.18475.3.A1_at NP_689544 -1.15136 0.00187 
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Upregulated genes at time point t4 

Probe Set ID Gene Name logFC P.Value 

Ssc.13778.1.S1_at IGHM 8.89414 0.00000 
Ssc.21582.1.S1_at UBD 7.60756 0.00013 
Ssc.15871.1.S1_a_at KLRC4 7.16283 0.00000 
Ssc.19946.1.S1_at IGLC1 6.68796 0.00004 
Ssc.11075.1.S1_a_at TVB1_HUMAN 6.52247 0.00003 
Ssc.11208.1.S1_at 0 6.51235 0.00001 
Ssc.140.1.S1_at AMBN 5.87610 0.00000 
Ssc.19640.1.A1_at FCER1A 5.83251 0.00005 
Ssc.19364.1.S1_at C2 5.73833 0.00000 
Ssc.428.5.S1_at TCA_HUMAN 5.61810 0.00004 
Ssc.22030.1.S1_at CCL5 5.57566 0.00008 
Ssc.8261.1.A1_at CYP2C9 5.46767 0.00005 
Ssc.18610.1.A1_at NEBL 5.41186 0.00002 
Ssc.23793.1.S1_at CD2 5.28899 0.00010 
Ssc.5.1.S1_a_at CLECSF5 5.11144 0.00001 
Ssc.30843.1.A1_at Q96LP2 4.83335 0.00044 
Ssc.16234.1.S1_at TCN1 4.82567 0.00036 
Ssc.6765.1.S1_at SCIN 4.81311 0.00010 
Ssc.16186.1.S1_at CD3E 4.69962 0.00007 
Ssc.5614.1.S1_at TPS1 4.64796 0.00001 
Ssc.20832.1.S1_at SCTR 4.57076 0.00000 
Ssc.12825.1.A1_at NP_742001 4.55931 0.00029 
Ssc.22164.1.S1_at ATP6V0D2 4.51310 0.00025 
Ssc.18010.1.A1_at SH2D1A 4.46911 0.00011 
Ssc.27201.1.S1_a_at CCRL2 4.45950 0.00007 
Ssc.14561.1.S1_at ITGB2 4.44710 0.00001 
Ssc.180.1.S1_at TRGV9 4.41453 0.00001 
Ssc.19619.1.S1_at LCK 4.39025 0.00010 
Ssc.26328.1.S1_at CCR5 4.38560 0.00005 
Ssc.20294.1.S1_at Q8N8D9 4.38410 0.00006 
Ssc.26709.1.S1_at EBI2 4.22750 0.00004 
Ssc.9362.1.A1_at COL1A2 4.17361 0.00002 
Ssc.16640.3.S1_at NP_009199 4.17299 0.00007 
Ssc.151.1.S1_at CYBB 4.14623 0.00028 
Ssc.1813.1.S1_at PRODH 4.12558 0.00016 
Ssc.7907.1.A1_at SIAT1 4.00587 0.00000 
Ssc.23804.1.S1_at SLC7A3 3.99738 0.00001 
Ssc.26300.2.S1_at UNC93B1 3.99558 0.00001 
Ssc.508.1.S1_at FCER1G 3.97477 0.00010 
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Ssc.18938.1.A1_at CPZ 3.95943 0.00010 
Ssc.20177.1.S1_at SPI1 3.94920 0.00002 
Ssc.10346.1.A1_at HEM1 3.94679 0.00003 
Ssc.8594.1.A1_at BLNK 3.94662 0.00006 
Ssc.11006.1.S1_at SNX10 3.93449 0.00000 
Ssc.1206.1.A1_at ADAMTS19 3.91519 0.00000 
Ssc.16932.1.S1_at CNOT2 3.91097 0.00001 
Ssc.709.1.S1_at GLRX 3.90162 0.00001 
Ssc.24944.1.S1_a_at FCGR1A 3.89952 0.00002 
Ssc.30761.1.A1_at PSD4 3.87304 0.00004 
Ssc.3285.1.S1_at ST14 3.87261 0.00079 
Ssc.19980.1.S1_at ADAM28 3.85575 0.00000 
Ssc.5381.1.A1_at COL27A1 3.85434 0.00010 
Ssc.22620.1.S1_at IFIT2 3.85133 0.00000 
Ssc.30059.1.A1_at NP_115724 3.83423 0.00108 
Ssc.15419.1.S1_at BTK 3.81262 0.00007 
Ssc.16766.1.A1_at DOK2 3.77573 0.00002 
Ssc.5108.1.S1_at C9 3.73134 0.00001 
Ssc.26337.1.S1_at ICAM2 3.72783 0.00001 
Ssc.19344.1.A1_at RH25_HUMAN 3.72574 0.00004 
Ssc.18425.1.S1_at PTPRCAP 3.69418 0.00009 
Ssc.30637.1.A1_at SLC39A11 3.66455 0.00015 
Ssc.21091.1.S1_at MYO1F 3.61720 0.00006 
Ssc.24337.1.S1_at MAPK9 3.61195 0.00018 
Ssc.7275.1.S1_at KYNU 3.58998 0.00000 
Ssc.19648.1.S1_at SLC15A3 3.58735 0.00000 
Ssc.20464.1.S1_at GLIPR1 3.58009 0.00004 
Ssc.5910.1.A1_at VAV1 3.57831 0.00004 
Ssc.11025.1.S1_at HLA-DMB 3.57467 0.00004 
Ssc.16494.1.A1_at DOK3 3.57460 0.00000 
Ssc.24984.1.S1_at ASAHL 3.57174 0.00034 
Ssc.30602.1.A1_at Q6ZRW2 3.57052 0.00004 
Ssc.20113.1.S1_at FRMD4B 3.55606 0.00188 
Ssc.507.1.A1_at TYROBP 3.54949 0.00002 
Ssc.17297.1.A1_at CLIC2 3.53255 0.00003 
Ssc.4792.1.A1_at PRKCB1 3.52186 0.00007 
Ssc.18359.1.S1_at CCR1 3.51833 0.00011 
Ssc.14475.3.S1_a_at PPARG 3.50459 0.00002 
Ssc.6055.1.A1_at Q6P9B3 3.49603 0.00015 
Ssc.12682.1.A1_at VAV3 3.48311 0.00016 
Ssc.2140.1.S1_at PTK2B 3.48011 0.00001 
Ssc.31189.1.S1_at CHPT1 3.47867 0.00007 
Ssc.19359.1.A1_at MBP 3.46705 0.00011 
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Ssc.13176.1.S1_at CORO1A 3.46291 0.00011 
Ssc.114.1.S1_at HSPA6 3.44387 0.00001 
Ssc.7969.1.A1_at POSTN 3.43792 0.00227 
Ssc.12138.1.A1_at ROBO1 3.41678 0.00012 
Ssc.5887.1.A1_at SLC37A2 3.41566 0.00068 
Ssc.3541.1.A1_at NOSTRIN 3.41351 0.00000 
Ssc.10931.1.S1_at CRYAB 3.39479 0.00083 
Ssc.7176.1.A1_at CXCR4 3.36796 0.00001 
Ssc.26200.1.S1_at THRB 3.36577 0.00011 
Ssc.314.1.S1_at ADM 3.36349 0.00017 
Ssc.29232.1.A1_at SLC1A2 3.35987 0.00000 
Ssc.1138.1.A1_at LAMA2 3.35428 0.00006 
Ssc.23516.1.S1_at SATB1 3.34622 0.00040 
Ssc.27360.1.A1_at TIAM1 3.34265 0.00393 
Ssc.26060.1.A1_at MAFB 3.33947 0.00022 
Ssc.2624.2.S1_at Q8NHP8 3.31838 0.00000 
Ssc.20101.1.S1_at G1P3 3.31672 0.00892 
Ssc.8854.1.A1_at ARHGAP27 3.31671 0.00060 

 

 

Downregulated genes at time point t4 

Probe Set ID Gene Name Log FC P.Value 

Ssc.8220.1.A2_at RNPC2 -1.0004 0.0000 
Ssc.21965.1.S1_at NUP35 -1.0011 0.0005 
Ssc.8732.1.A1_at SLK -1.0017 0.0005 
Ssc.1559.1.S1_at Q9BV81 -1.0025 0.0000 
Ssc.2719.1.A1_at MTA3 -1.0041 0.0008 
Ssc.7442.1.A1_at Q8N4K7 -1.0098 0.0000 
Ssc.1648.1.S1_at CTNND1 -1.0104 0.0001 
Ssc.3608.1.S1_at PTDSS2 -1.0164 0.0007 
Ssc.26172.1.S1_at NO55_HUMAN -1.0171 0.0002 
Ssc.18447.1.S1_at SCAMP5 -1.0172 0.0017 
Ssc.23999.1.S1_a_at WDHD1 -1.0228 0.0025 
Ssc.5792.1.S1_at CTNNA1 -1.0232 0.0002 
Ssc.7919.1.A1_at PMS1 -1.0245 0.0029 
Ssc.13526.1.A1_at C10orf64 -1.0254 0.0062 
Ssc.24702.1.S1_at Q5T4D3 -1.0261 0.0001 
Ssc.26671.1.A1_at KIAA1704 -1.0292 0.0071 
Ssc.9241.1.A1_at SFRS6 -1.0293 0.0010 
Ssc.23897.1.S1_a_at CENTG2 -1.0314 0.0001 
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Ssc.5998.1.S1_at Q9BTE6 -1.0343 0.0000 
Ssc.11748.1.S1_at PHLDB1 -1.0352 0.0019 
Ssc.5073.1.A1_at EZH2 -1.0359 0.0114 
Ssc.24344.1.S1_a_at DNMT1 -1.0365 0.0010 
Ssc.1301.1.S1_at HADH2 -1.0368 0.0001 
Ssc.25792.1.S1_at DSCR5 -1.0376 0.0014 
Ssc.5664.1.S1_at IHPK2 -1.0385 0.0002 
Ssc.7929.1.A1_at TBC1D15 -1.0395 0.0029 
Ssc.8379.1.A1_at SLC35A1 -1.0406 0.0006 
Ssc.21880.1.S1_at KIAA1166 -1.0466 0.0010 
Ssc.26767.1.S1_at ZFPM2 -1.0498 0.0222 
Ssc.10394.1.A1_at RBM8A -1.0529 0.0000 
Ssc.1814.1.S1_at TIMM17B -1.0545 0.0001 
Ssc.29026.1.S1_at EPB41L1 -1.0583 0.0127 
Ssc.6887.1.S1_at HNRPDL -1.0594 0.0000 
Ssc.12984.1.A1_s_at C13orf9 -1.0594 0.0000 
Ssc.29959.1.A1_at GRPEL2 -1.0603 0.0000 
Ssc.6448.1.S1_at Q6GMV3 -1.0623 0.0005 
Ssc.18204.2.S1_at CAMTA1 -1.0647 0.0000 
Ssc.19203.2.S1_at CKLFSF4 -1.0654 0.0036 
Ssc.13611.1.A1_at NT5C2L1 -1.0667 0.0014 
Ssc.829.1.A1_at LPIN2 -1.0702 0.0007 
Ssc.12335.2.S1_a_at Q8WVE0 -1.0703 0.0009 
Ssc.16577.1.A1_at ACOX2 -1.0744 0.0113 
Ssc.9876.1.A1_at SNX9 -1.0771 0.0005 
Ssc.1210.1.A1_at C14orf130 -1.0773 0.0000 
Ssc.24981.1.S1_at Q8TE89 -1.0781 0.0001 
Ssc.20184.1.S1_at ARHGEF12 -1.0800 0.0001 
Ssc.10076.1.S1_at C19orf2 -1.0825 0.0018 
Ssc.13929.1.S1_at BRMS1L -1.0862 0.0001 
Ssc.2760.1.A1_at GNG12 -1.0878 0.0000 
Ssc.26779.1.A1_at CDH17 -1.0915 0.0011 
Ssc.29650.1.A1_at CHEK1 -1.0916 0.0051 
Ssc.6790.1.A1_at Q9H2X4 -1.0916 0.0001 
Ssc.25151.1.S1_at C6orf79 -1.0983 0.0002 
Ssc.4306.1.A1_at MESDC1 -1.0984 0.0001 
Ssc.9606.1.A1_at OPHN1 -1.0999 0.0035 
Ssc.24353.2.S1_at VRK1 -1.1015 0.0181 
Ssc.16873.1.S1_at WDR44 -1.1031 0.0011 
Ssc.11164.2.S1_a_at Q96JN1 -1.1034 0.0331 
Ssc.12925.1.A1_at TXNDC7 -1.1037 0.0000 
Ssc.2503.1.S1_at B3GNT6 -1.1037 0.0001 
Ssc.25535.1.S1_at TM6SF1 -1.1059 0.0010 
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Ssc.29579.1.A1_at PDE8A -1.1079 0.0031 
Ssc.14573.1.S1_at EYA2 -1.1091 0.0005 
Ssc.21185.1.S1_at Q9P092 -1.1106 0.0045 
Ssc.30491.1.A1_at GCSH -1.1116 0.0017 
Ssc.18568.1.A1_at SCUBE1 -1.1121 0.0003 
Ssc.15609.1.S1_at EGLN2 -1.1161 0.0003 
Ssc.8547.1.A1_at BRIP1 -1.1170 0.0000 
Ssc.30090.1.A1_at AKT3 -1.1196 0.0000 
Ssc.28912.1.S1_at TMEM15 -1.1219 0.0000 
Ssc.31023.1.A1_at RWDD3 -1.1220 0.0006 
Ssc.4857.2.S1_a_at PXMP2 -1.1228 0.0003 
Ssc.1379.1.S1_at Q8N9G7 -1.1239 0.0108 
Ssc.20772.1.S1_at USP39 -1.1275 0.0005 
Ssc.6323.1.S1_at ADFP -1.1291 0.0001 
Ssc.10341.1.S1_at HELZ -1.1305 0.0000 
Ssc.4713.1.S1_a_at DHPS -1.1312 0.0000 
Ssc.8254.1.A1_at KCY_HUMAN -1.1315 0.0000 
Ssc.2243.1.S1_at C20orf72 -1.1318 0.0001 
Ssc.21840.1.S1_at NUDT5 -1.1322 0.0000 
Ssc.19928.1.S1_a_at DUT -1.1324 0.0018 
Ssc.6338.2.S1_at USP1 -1.1354 0.0054 
Ssc.30633.1.S1_at NP_060835 -1.1368 0.0011 
Ssc.5517.1.A1_at MAP3K12 -1.1378 0.0021 
Ssc.17843.1.A1_at ANKRD32 -1.1402 0.0018 
Ssc.27374.1.A1_at RFC5 -1.1408 0.0001 
Ssc.923.1.A1_at METAP2 -1.1408 0.0001 
Ssc.19675.1.S1_at RACGAP1 -1.1424 0.0101 
Ssc.17833.2.S1_at SS18L1 -1.1439 0.0005 
Ssc.9498.1.S1_at TAX1BP3 -1.1453 0.0000 
Ssc.30818.1.S1_at NUFIP1 -1.1461 0.0005 
Ssc.8163.1.A1_at C6orf74 -1.1475 0.0027 
Ssc.30340.1.A1_at RPGR -1.1477 0.0002 
Ssc.8009.1.A1_at LRP1B -1.1493 0.0000 
Ssc.6623.1.S1_at NIPSNAP3A -1.1520 0.0045 
Ssc.14221.1.S1_at CPSF5 -1.1524 0.0019 
Ssc.5102.1.S1_at MRPS27 -1.1525 0.0001 
Ssc.30936.1.S1_at ACTR8 -1.1551 0.0009 
Ssc.30856.1.A1_s_at JMJD1A -1.1552 0.0017 
Ssc.8554.2.S1_at MRPL18 -1.1555 0.0004 
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APPENDIX – III (B) 

 

 

 

 

 

 

 

 

Figure A.1 Cellular component (CC) of enrichment analysis: (a) Upregulated 
genes; (b) Downregulated genes. 
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Figure A.2 Biological process (BP) of enrichment analysis: (a) Upregulated genes; (b) 
Downregulated genes. 
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Figure A.3 Molecular function (MF) of enrichment analysis: (a) Upregulated genes; (b) 
Downregulated genes 
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Figure A.4 Molecular Dynamics (MD) simulation trajectories analysis of both BRAF 
(PDB ID: 5C9C) and NRAS (PDB ID: 6ZIZ) with both the ligand (Alpelisib and 
Obatoclax). Panel (a, b, c, and d) illustrate the RMSF plot showing how the protein chain's 
alpha helixes (red color) and beta sheets (blue color) distributions, as well as local 
fluctuations, changes during the course of the simulation. Green bars represent the ligand 
interaction locations with the particular residues. 
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