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DESCRIPTION 

TITLE: METHOD AND APPARATUS FOR TESTING IMMUNE STATE  

TECHNICAL FIELD 

[0001]   

 The present  invention relates  to a method and a tes ting apparatus  an 5  

immune s tate .   The tes t  i s  carried based on a proportion of each of immune 

cel l  subgroups and the l ike.  

BACKGROUND ART 

[0002]  

 Conventionally,  an image inspect ion by means of CT,  PET-CT, a 10  

gastroscope and the l ike,  a  blood tes t  for detect ing a substance which is  

contained  in  blood by using a tumor marker and the l ike have been carr ied out 

in order to diagnose cancer,  to follow -up after t reatment and the l ike.   Among 

them, a blood test  which uses  a tumor marker has  been often uti l ized in  cl inical  

sett ings because of  i ts  simplicity,  and many effect ive tumor markers  have been 15  

developed.  In  addi t ion,  a  method of  testing cancer which determines whether 

one is  suffering from cancer or not based on an amount of a tumor marker per 

unit  volume and the l ike are disclosed (for  example,  see PTL 1 to 3).  

CITATION LIST  

Patent  Literature  20  

[0003]  

 Patent  Literature 1:  JP 2014-20930 A 

 Patent  Literature  2:  WO 00/58728 A 

 Patent  Literature  3:  JP 2015-141469 A 

SUMMARY 25  

Technical  Problem 



2 

 

[0004]  

 However,  there are some cases where a value of a tumor marker 

increases even though there is  no cancer expression , and there are other cases  

where a value of  a  tumor marker does not increase even though there is  cancer.   

Therefore,  i t  has  been difficult  to  perceive a state of  cancer only by a value of a 5  

tumor marker.   In  addit ion, since the method uses a special  tumor marker  the 

analysis costs high and the procedures are t roublesome because of the use of a  

large-scale and expensive apparatus ,  a  PCR techniqu e and the l ike .   As  a 

resul t ,  i t  has  been difficult  to  use the tumor marker in clinical  set t ings.   

Further,  i t  has been known that  a therapeutic effect  on cancer and the l ike vary 10  

depending not  only on the presence of  cancer  cel ls  but also on a patient 's  o wn 

immune st rength .   However,  a  s imple and effective test  which focuses  on the 

immune s t rength has  not  yet  been developed.  

[0005]  

 In  view of the above problem, an object  of  the present invention is to 15  

provide a method of  testing an immune state,  which does not use an expensive 

test ing apparatus  or an expensive kit  for  test ing, does not use a complex 

procedure such as  a PCR technique,  and is  capable of  test ing an immune s tate 

of  a  subject  in more detai l  in  a simple and ine xpensive manner.  

Solution to  Problem 20  

[0006]  

 In  order  to achieve the object  described above,  a method of  testing an 

immune s tate according to  the present application includes:  a  s tep of 

calculating a total  number of white blood cells serving as immune cells in a 

body of a  subject  and a number of each of  immune cell  subgroups based on test  25  

information on blood counts  of  blood components  and white blood cell  images 
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of the subject  and analysis informat ion  on CD classi ficat ion of monoclonal 

antibodies  that  bind to surface antigens of  the white blood cel ls ;  and a step of 

analyzing the immune s tate of  the subject  based on a proport ion and a change in 

the numbers  of  the immune cell  subgroups.  

Advantageous Effects  5  

[0007]  

 According to  the present invention, i t  becomes possible to test  an 

immune s tate of a  subject  in more detai l  and in a s imple and inexpensive 

manner without requiring the use of  an expensive test ing apparatus  or  an 

expensive kit  for  tes t ing and without  requiring a complex  procedure such as  a 10  

PCR technique,  based on tes t  results of  blood counts  and white blood cell  

images obtained by a blood col lection test  general ly performed in cl inical  

sett ings as  well  as  analysis  resul ts  of  the CD classi ficat io n of  monoclonal 

antibodies  which bind to  surface ant igens which are present  on the surfaces  of 

white blood cells.   Further,  based on this immune state,  i t  becomes possible to 15  

find out  disease such as  cancer and to  perceive effects  of  medication,  s ide 

effects  of  anticancer t reatment  and the l ike,  effects  of  immunotherapy,  a  s tate 

of  prognosis  and the l ike in  a simple and clear manner.  

BRIEF DESCRIPTION OF DRAWINGS  

[0008]  20  

 [Fig.  1A]  Fig.  1A shows an image of  a l is t  of test  resul ts  (tes t  

information) of  blood counts of blood components and white blood cel l  images  

which are used for  a  method of  testing the immune state according to  an 

embodiment of the present  invent ion.  

[Fig.  1B]  Fig.  1B shows  an image of  a l ist  of  analysis resul ts (analysis 25  

information) of  CD numbers  of  surface antigens of whi te blood cells,  which are 
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used for  the method of  tes ting the immune s tate according to  an embodiment  of 

the present  invent ion.  

 [Fig.  2]  Fig.  2 is  an explanatory view for  explaining the correlat ion of 

cel lular  immunity and humoral  immunity in  immune cells.  

 [FIG.  3]  Fig.  3  is  an explanatory drawing for  explaining test  results of 5  

the method for  test ing the immune state according to  the present  embodiment , 

Fig.  3(A) shows a pie chart  which shows the proportion of  each of  the 

components  of  white blood cel l  subgroups in  a patient  with renal  cancer,  and 

the total  number (the number)  of  each of  the components  calculated according 

to the calculat ion formulae (1) to  (12),  Fig.  3(B) is  a  pie chart  which shows the 10  

proport ions of  monocytes  and subgroups of lymphocytes ,  and Fig.  3(C) is  a  pie 

chart  which shows the proportions only of  lymphocyte subgroups.  

 [FIG.  4A] Fig.  4A is an explanatory view for  explaining an exampl e of  

test  resul ts  of  the method of  test ing the immune state according to  the present 

embodiment,  and shows test  results  of  a pat ient with end -stage esophageal 15  

cancer.  

 [FIG.  4B]  Fig.  4B is  an explanatory view for explaining an example of 

test  resul ts  of  the method of  test ing the immune state according to  the present 

embodiment,  and shows tes t  results  of a  heal thy subject .  

 [FIG.  4C] Fig.  4C is  an explanatory drawing for  explaining an example 20  

of test  results  of  the method of tes ting the immune s tate accordin g to the 

present  embodiment,  and shows test  results  of  a  patient  with colon cancer who 

had been under the t reatment  with an ant icancer agent unti l  one year  ago.  

 [FIG.  5]  Fig.  5  is  an explanatory drawing for explaining examples  of 

test  results of the method for tes ting the immune state according to the present  25  

embodiment,  (A) shows test  results of a  patient with chronic rheumatoid 
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arthri t is ,  and (B) shows tes t  results  of a  patient with atopic dermat it is .   

 [FIG.  6A] Fig.  6A is an explanatory v iew for explaining a st ructure 

chart  of the hardware of  the test ing apparatus .  

[Fig.  6B]  Fig.  6B is an explanatory view for explaining a functional 

block chart  of the testing apparatus .  5  

 

DESCRIPTION OF EMBODIMENT 

[0009]  

 Hereinafter,  an embodiment of the present invention is  described.   A 

method of test ing an immune state according to the present embodiment has  a 10  

step of  calculat ing a  total  number of  whi te blood cel ls serving as  immune cells  

in  a body of  a  subject  and a number of each of immune cell  subgroups based on 

test  information on blood counts of  blood components and white blood cell  

images of the subject  and analysis informat ion on the CD classi ficat ion of  

monoclonal ant ibodies  that  bind to surface ant igens of  whi te blood cells,  and a 15  

step of analyzing the immune state of the subject  based on a proportion of and a 

change in  the numbers  of  the immune cel l  subgroups.  

[0010]   

 The method of  tes ting the immune s tate according to  the present  

embodiment has  the s teps as described above,  and makes i t  possible to tes t  an 20  

immune state of a  subject  in  a  s imple and inexpensive manner without requiring 

the use of an expensive testing apparatus  or an expensive test  ki t  as well  as  

without requiring a complex procedure such as  a PCR technique,  by f inding out 

states (proport ions)  of the immune cel l  subgroups in  blood.   In  addit ion, a  

method of tes ting an immune state which makes i t  possible to provide tes t  25  

resul ts  which enable finding out  various diseases  such as cancer and diseases  
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involved in  immunity at  an early s tage and understanding effects  of  medication, 

side effects  of  anticancer treatment  and the l ike,  effects  of  immunotherapy,  a  

state of  prognosis  and the l ike is  provided.  

[0011]   

 Nowadays,  i t  is  di ff icul t  to  remove cancer completely except for  a  few 5  

cancers  in the space of  humoral  immunity (mainly blood cancer)  despite 

chemotherapy using a potent  anticancer agent .   Effects  of  cancer  t reatment 

should not  be determined only by using the change in  the size of  cancer  as  a  

determinat ion cri ter ion.  The determinat ion of  effects  of cancer  t reatment  also 

requires consideration of the rest  of  l i fe of  the patient .   It  is  thought that  10  

therapeut ic effects of  cancer and the rest  of l i fe vary depending on the pat ient 's  

own physical  s t rength (immune st rength).   A decrease in  the immune st rength 

(decrease in  CD4-posit ive T cells)  causes the metastasis  and growth of  cancer 

cel ls .   Though the kind of  new anticancer  agents  has  increased,  the cases 

where cancer metastasizes  to  another  organ after  the anticancer t reatment  are 15  

often observed.   In  many cases ,  cancer  metastases occur at  a  cellular  level  of 

micrometastases  (micrometastat ic  les ions)  and are invisible to  the  naked eye.   

Accordingly,  unless cancer cells are completely ex tinguished, the body of the 

patient  fal ls  into a s tate where the body has  no abil i ty against  the metastasis  of 

cancer  cel ls ,  in a  state where the immune st rength decreases by the use of  an 20  

anticancer agent.   It  i s  thought ,  as a  resul t ,  that  systemic metastases  of  the 

cancer may occur.  

[0012]   

 In  addit ion,  i t  is  thought that  one should also have doubts about  using 

unilateral ly a systemic radiat ion therapy and chemotherapy from the viewpoint 25  

of QOL (Qual ity Of Life) .   This  is  because i t  has  been clear  according to  
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recent stat is t ics  that  there is  only a three -month difference in the rest  of l ives 

of  cancer pat ients  between the case where an anticancer agent  is  used and the 

case where no ant icancer agent  is  used.  It  i s  thought  that  this  is  caused by the 

decrease in  the immune st rength of  pat ients  (decrease in  CD4 -posi t ive T cells) 

due to  the radiat ion therapy and the chemotherapy.   Additionally,  i t  has  been 5  

veri fied,  as  a  resul t  of  the inventor 's  va l idation of  the previous statis t ics of 

cl inical  therapies,  that  the st rength of  autoimmunity affects the prognosis of 

cancer  t reatment  (a prospect  of the degree of  recovery after  i l lness,  surgery and 

the l ike),  that  is ,  the survival  rate.  

[0013]   10  

 For example,  in  pat ients  with primary l iver  cancer  after  surgery,  the 

st rength of the activity of  NK cells (natural  kil ler cel ls) which are involved in 

natural  immunity great ly affects  the survival  rate of  the patients .   Accordingly,  

i t  can be understood that  the activi ty of NK cel ls  plays an important  role in  

relapse prevention of  cancer.   In  addi t ion,  when comparing 7 -year  survival 15  

rate of  a  group of  patients with lung cancer after  surgery who received a 

cel lular  immunotherapy and that  of  a  group of  patients  who received only a 

tradi t ional  remedy,  there was a two -fold difference.  Further,  there was a 

signif icant difference between the survival rate of  a group of pat ients with 

l iver  cancer  who received  both  a cel lular  immunotherapy and an MIS t reatment 20  

and that  of  a group of patients with l iver  cancer who received only an MIS 

treatment.   From the analysis  on the above -described statist ical  data,  i t  has 

been found that  the prognosis of a cancer t reatment varies depending on 

autoimmune states .   In  other  words,  a  bett er  immune s tate provides  a bet ter 

prognosis .  25  

[0014]   
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 Since a novel immunotherapeutic agent against  metastat ic  malignant 

melanoma (melanoma) of Ono Pharmaceutical  Co.,  Ltd.  was disclosed in  New 

England Journal  of  Medicine,  the age emphasiz ing immunotherapy has  s tarted 

in  the medical  world after  genetic  analyses .   Nivolmab ,  i .e . ,  therapeut ic agent 

of  a  PD1 antibody, developed by Ono Pharmaceutical  Co. ,  Ltd. ,  acts  on 5  

act ivated lymphocytes  and plays a role in  t riggering further  act ivation.  

Accordingly,  using this  type of  the immunotherapeut ic agents  may cause severe 

side effects  on patients  with intractable autoimmune diseases other than cancer 

patients,  such as  pat ients  with multiple sclerosis ,  rheumatism and systemic 

lupus erythematosus.   Therefore,  in order to  f ind out a method of t reatment  10  

which is capable of  avoiding side effects to the most ,  development of a method 

of  testing which makes i t  possible to elucidate a change in each of  subgrou ps of 

immune cells  in  a  s imple and inexpensive manner by perceiving the immune 

state of  a pat ient has been required.  

[0015]   15  

 In  addit ion,  physiological  and pathological  roles of each of subgroups 

of  immune cel ls  in  our bodies  have been gradual ly elucidate d through the 

resent  cl inical  research es .   Elucidation of  the roles  of  immune cells  and the 

flow (the mechanism) of immunity is  essential  not only in the process of 

treatment of cancer,  but  also in  the process of t reatment  of  diseases  related to  20  

immunity (such as  connective t issue disease,  chronic viral  infection and acute 

viral  infection).   In  order  to  elucidate the above,  i t  is  required to  perceive the 

number and the ratio  of  each of  the immune cel l  subgroups.  

[0016]   

 However,  in the course of  cl inical  t herapies  at  present ,  methods capable 25  

of verifying the body's  immune system are l imited, and costs for such clinical  
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tests are high.   Therefore,  elucidat ing immunity has  not yet  been going 

smoothly.  

[0017]   

 In  view of the above,  the inventor  found out  that  a  state of  immune 

st rength of a patient can be perceived by analyzing a proportion of each of  5  

immune cells subgroups (white blood cel l  subgroups) in  whi te blood cells,  and 

has completed the present invention.  That is ,  the inventor  has made i t  

possible to  test  an immune state in  a s imple manner,  based on blood counts 

(complete blood cel l  count)  and white blood cell  images (white blood cell  

demarcation) in  a blood collect ion test  which is  generally performed in cl inical  10  

sett ings,  as  well  as  analysis  resul ts  of  the CD classi ficat ion (CD: cluster  of 

differentiat ion) of  monoclonal antibodies  which bind to surface antigens which 

are present  on the surfaces  of  white blood cel ls .  

[0018]   

 White blood cells  are roughly divided into three kinds,  i .e . ,  15  

granulocytes ,  monocytes  (mononuclear  cel ls)  and lymphocytes .   Granulocytes 

are further  divided into three subgroups,  i .e . ,  eosinophils ,  neutrophils,  and 

basophi ls .   Monocytes are present as  a subgroup of mononuclear  leukocytes  in 

blood.  

[0019]   20  

 In  addi t ion, the lymphocyte subgroup includes helper T cells 

(CD4-posi t ive T cells) ,  kil ler  T cells (CD8 -posi t ive T cells) ,  B cells,  NK 

(natural  kil ler)  cells ,  and NKT (natural  kil ler T) cells.   The B cells and the 

NKT cells  are involved in  Th2 humoral  imm unity such as  production of 

antibodies .   The NK cells and the ki l ler T cel ls  are involved in Th1 cellular  25  

immunity such as  removal  of  virus - infected cel ls ,  cancer  cel ls and wasted cells .  
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The helper  T cells take charge of  the center  of  immune system.  

[0020]   

 The granulocyte subgroups (eosinophils,  basophils ,  and neutrophils),  

monocytes ,  and the NK cel ls  are innate immune cells .   The ki l ler T cells ,  the 

helper  T cel ls ,  the B cells  and the l ike are adapt ive immune (acquired immune) 5  

cel ls .   The NKT cells  have  both the propert ies  of  innate immune cel ls  and 

those of adaptive immune cel ls .   Further,  the NK cel ls  and the NKT cel ls  are 

cel ls  of  an early induction reaction,  which determine the f low of immunity that  

is  induced at  several  hours af ter  infect ion.  

[0021]   10  

 Accordingly,  i t  i s  possible to  identi fy a state of  the body's  immune 

system (the health degree),  a  flow of the body's  immune system, immune 

abnormality at  early s tage,  and s tates  from effects  of  medicat ion to  therapeutic 

effects (states  from therapeut ic  effects  to side effects)  against  cancer  and each 

of  other diseases ,  by analyzing states  of  the above -described immune cel l  15  

subgroups.  

[0022]   

 Hereinafter the method of test ing the immune state according to the 

present embodiment  is  described in  detai l .  

[0023]   20  

 First ,  tes t  resul ts  ( tes t  information) of blood counts of  blood 

components  and white blood cell  images of  a subject  are obtained.   From the 

test  informat ion, the number of white blood cel ls and white blood cel l  images 

are obtained.   As a method of  test ing blood counts  and white blood cel l  

images,  a  method of  tes ting which is generally used in clinical  sett ings may be 25  

used.  For example,  by collecting blood from a subject  and request ing a 
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cl inical  center  or  the l ike to  conduct  a tes t ,  the test  infor mation can be obtained 

without having an expensive tes ting apparatus  and the l ike in a s imple and 

inexpensive manner.  

[0024]   

 Fig.  1A shows an image of  a  l ist  of  test  resul ts  of  blood counts  of  blood 5  

components and white blood cell  images of a subject .   In  Fig.  1A, "WBC" is 

the number of  the white blood cel ls  in  1  l ,  and among the i tems of  the white 

blood cell  images (information on fract ionation of  white blood cel ls) ,  "Baso" is  

a  proport ion (%) of  basophi ls  in  the white blood cells,  "Eosino" is  a  proportion 

(%) of eosinophils  therein ,  "Neutro" is  a  proportion (%) of neutrophils  therein,  10  

"Lympho" is  a  proport ion (%) of lymphocyte s  therein ,  and "Mono" is  a 

proport ion (%) of  monocytes  therein .  

[0025]   

 Next,  analysis  resul ts  (analysis  information) of  CD numbers of  surface 

antigens of  the white blood cells  (immune cells)  are obtained.   As an analysis  15  

method,  a known analysis  method m ay be used .  For example,  i t  i s  preferable 

that  the analysis  is  performed by a Two Color Flow Cytometry analysis  method.  

In  this case,  analysis resul ts  obtained in a clinical  center or  the l ike may be 

also used.  

[0026]  20  

 For the analysis of  the CD classi fi cation,  CD3,  CD4,  CD8,  CD16 and 

CD56 are used.   CD3 is  an ant igen which is  present  on membrane surfaces of 

al l  the T cells.   CD4 is an antigen which is present on membrane surfaces of 

the helper  T cel ls  (CD4-posi t ive T cells) .   CD8 is  an antigen which is  p resent  

on membrane surfaces  of  the ki l ler  T cel ls  (CD8-posi t ive T cel ls) .   CD16 is  an 25  

antigen which is present  on membrane surfaces of the NK cel ls .   CD56 is an 
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antigen which is present  on membrane surfaces of  the NK cel ls and  the NKT 

cel ls .  

[0027]  

 Hereinafter,  posit ive is  also referred to as  "+",  and negat ive is  also 

referred to as " -".   The helper T cel ls express a property of  "CD3+CD4+", the 5  

kil ler T cel ls  express  that  of  "CD3+CD8+",  the B cells express  that  of  

"CD3-CD56-",  the NK cells express  that  of "CD3-CD56+",  and  the NKT cel ls 

express  that  of  "CD3+CD56+", respectively.  

[0028]  

 Fig.  1B shows an image of  a  l ist  of  analysis resul ts  (analysis  10  

information) of the CD classi fication according to a Two Color Flow Cytometry 

analysis method.  

[0029]  

 Next,  the total  number of  the white blood cells (immune cells) and the 

total  number (the number) of  each of  the white blood cell  subgroups (immune 15  

cel l  subgroups)  in  the body of  the subject  are calculated based on  the number of  

the white blood cells obtained fro m the test  information ("WBC" in Fig.  1A) 

and the information on fractionation of  the white blood cells ("Baso", "Eosino", 

"Neutro",  "Lympho" and "Mono" in  Fig.  1A),  according to  the fol lowing 

calculation formulae (1) to  (5) .   In  the case when the subject  is  male,  the total  20  

number of the white blood cells is  calculated according to the calculat ion 

formula (1) .   In  the case when the subject  is  female,  the total  number of the 

white blood cel ls  is  calculated according to the calculat ion formula (2).  

[0030]  

[Math. 1]  25  
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[0031]  

 Next,  the total  number of  the T cel ls ,  the total  number of  the B cells ,  the 

total  number of  the NK cells  and the total  number of  the NKT cells  in  the 

lymphocyte subgroup are calculated based on  the calculated total  number of  the 5  

lymphocytes  and analysis  information on the CD classi f icat ion shown in Fig.  

1B.   With regard to  the T cel ls ,  the total  number of  the helper  T cells  and the 

total  number of  the kil ler T cells  are calculated.  

[0032]  

 First ,  the total  number of  the T cells  is  calculated according to  the 10  

following calculation formula (6) .   The total  number of the helper  T cells and 

the total  number of  the kil ler  T cel ls  are calculated based on  the calculated 

total  number of the T cel ls  according to  the following calculat ion formulae (7) 

and (8) .  

[0033]  15  

 Next,  the total  number of  the non-T cel ls  other  than  the T cells  is  

calculated based on  the total  number of  the T cel ls  and the total  number of  the 

lymphocytes  according to  the following calculation formula (9).   The total  

number of  the B cells,  the total  number of the NK cells and the total  number of 

the NKT cells are calculated based on the calculated total  number of the non-T 20  

cel ls  and the total  number of the T cells  according to the fol lowing calculation 

formulae (10),  (11) and (12).   Meanwhile,  the number of each of  the 

components in 1  l  can be calculated according to each of the above -described 
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calculation formulae.  

[0034]  

[Math. 2]  

 

[0035]  5  

 An immune state of  a subject  can be analyzed in a simple manner based 

on an increase or  decrease and a proport ion of  each of  the granulocytes 

(eosinophils,  basophils  and neutrophi ls) ,  the monocytes ,  and the lymphocytes  

(helper  T cel ls ,  ki l ler T cells,  B cells ,  NK cel ls  and NKT cel ls) ,  calculated as  

described above.  Meanwhile,  the calculat ion w hich uses the above-described 10  

calculation formulae and the analysis of the immune s tate hereinafter  can be 

performed in a fas ter  and more accurate manner by performing the calculation 

and the analysis  using a  tes ting apparatus  described below.  

[0036]  

 Fig.  2 roughly shows the correlation of  cel lular  immunity and humoral 15  

immunity in immune cel ls .   As shown in Fig.  2,  the helper T cells 

(CD4-posi t ive T cel ls)  are divided into three kinds,  i .e. ,  Th1 cells,  Th2 cells 

and Th17 cel ls .   The Th1 cells mainly produce IFN-  and are involved in 

act ivation of  cellular immunity and the l ike.   The Th2 cel ls mainly produce 

interleukin-4 ( IL-4)  and are involved in  humoral  immunity.   The Th17 is 20  

present often in the gastrointest inal  t ract  such as smal l  intestine,  produces 

interleukin-17 ( IL-17),  and is  involved in autoimmunity such as inflammatory 
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response.  Besides  them, regulatory T-cells (Treg) which play a role in 

inhibitory regulation  against  excessive immune response (immune tolerance)  or 

the l ike are present as  a  kind of  T cel ls .  

[0037]  

 A s tate of  Th1 cel lular immunity in which the Th1 cel ls  are involved can 5  

be identi fied by analyzing the sum of the number of the NK cel ls  and the 

number of the ki l ler  T cells,  the increase or decrease in them and the l ike.   In  

addit ion,  a  s tate of  Th2 humoral immunity in which  the Th2 cells are involved 

can be identi fied by analyzing the sum of the number of  the NKT cells  and the 

number of  the B cel ls ,  the increase or  decrease in them and the l ike.  10  

[0038]  

 Examples  of  tes t  results obtained by the method of  tes ting the immune 

state according to the present  embodiment  are shown in Fig s .  3A to 3C.  Figs .  

3A to 3C show test  resul ts  of  the immune state ( the numbers  of  white blood cel l  

subgroups)  of  a woman with renal cancer af ter  surgery and pie charts of the 15  

proport ions of  whi te blood cell  subgroups based on the tes t  resul ts .   Fig.  3 (A) 

shows a pie chart  which shows the proportion of  each component  of  white 

blood cell  subgroups,  and an example of  the calculation of  the numbers  of 

white blood cel l  subgroups calculated based on the proport ions on the lef t  side 

of  the pie chart .   Fig.  3 (B) is  a pie chart  which shows th e proportion of the 20  

monocyte subgroup and the proportions of  lymphocyte subgroups.  Fig.  3 (C) 

is  a  pie chart  which only shows the proportions of  lymphocyte subgroups.  

[0039]  

 From each of  pie charts  of  Figs .  3A to 3C,  i t  i s  understood that  the 

proport ions of lymphocytes  in white blood cel ls are in  a healthy s tate.   In  25  

addition, Figs.  3A to 3C show a state of cel lular  immunity > humoral  immunity 
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and i t  is  understood that  Fig.  3 shows pat terns of st rong ant icancer immunity.   

Further,  the ratio  of  granulocytes  and monocytes  and lymphocytes  shows a 

good balance,  and shows a s tate of  Th1 (NK cells  + kil ler  T cel ls)  > Th2 (NKT 

cel ls  + B cells) .   From the rat io ,  i t  i s  understood that  the state is  that  of the 

cel lular  immunity dominance.   In  this  way,  i t  i s  understo od that  the 5  

postoperat ive progress  is  favorable.  

[0040]  

 Next,  the determinat ion cri teria  of  the analysis  are described with 

analyzing immune states  based on test  resul ts  of  immune cell  subgroups (white 

blood cell  subgroups)  of  three cases  shown in Fig s .  4A to.  4C.   Fig.  4A shows 10  

test  resul ts  of  a pat ient  (male)  with end -stage esophageal  cancer  under medical  

treatment with an anticancer agent.   Fig.  4B shows test  resul ts  of  a  heal thy 

subject  (normal) who is  an elderly (female) .   Fig.  4C shows test  resul ts  of  a 

patient  (female)  with colon cancer who had been under the treatment  with an 

anticancer agent unti l  one year  ago.   Each of  the f igures  shows pie charts 15  

which show the proportions of  the white blood cell  subgroups,  the total 

numbers  of  the white blood cel l  subgroups, and the l ike.  

[0041]  

 First ,  the health degree of  the immune state can be identi f ied by 

checking the balance between the sympathet ic nerve and the parasympathet ic 20  

nerve.  Accordingly,  the method of  testing the immune s tate according to  the 

present embodiment is  suitable for medical  checkup and screening.  The ideal  

rat io  of whi te blood cel l  subgroups is  granulocytes  (eosinophils,  basophi ls  and 

neutrophils)  :  monocytes  :  lymphocytes  = 60 :  5 :  35 (%).  

[0042]  25  

 A s tate where the number of  granul ocytes  increases (shown by   in  the 
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figures) is  the s tate of  the sympathetic  nerve dominance (due to  infection,  

st ress by the use of an anticancer agent,  being at  a late stage to  an end stage of  

cancer  and the l ike) .   In  addit ion,  a  state where the number of  lymphocytes  

increases () is  the s tate of the parasympathet ic nerve dominance (due to  being 

with autoimmune disease,  al lergic disease,  hypersensit ivity,  obesi ty and the 5  

l ike) .  

[0043]  

 The case shown in Fig.  4A is  a patient  with end -stage cancer who is  

under medical  t reatment  with an ant icancer agent,  and shows an abnormal 

decrease ()  in  lymphocytes .   The case shown in Fig.  4B is  a  healthy elderly,  10  

and shows an ideal  rat io  of granulocytes  and lymphocytes ,  and a good balance 

between the sympathet ic nerve and the parasympathetic  nerve.  The case 

shown in Fig.  4C is a pat ient with colon cancer who had been under the 

treatment with an anticancer agent  unt i l  one year  ago.  In the case shown in 

Fig.  4C, a  persistent  decrease in  lymphocytes  is  observed even though one year  15  

has lapsed after  the termination of medical  t reatment  with an anticancer agent , 

and i t  is  understood that  the case is  in a  s i tuation of  the immunosuppression 

and the sympathetic nerve dominance.  

[0044]  

 In  addit ion, the s t rength of autoimmunity  is  analyzed from the number 20  

of the subgroup of  helper  T cells  (CD4) which are lymphocytes  that  play a role 

as  the center of  immune system.  As a result ,  i t  i s  understood that  the case 

shown in Fig.  4C is  in  an immunocompromised state and that  the case sho wn in 

Fig.  4A is  in  a crisis  state of  immunity.   From  the tes t  results  of  the immune 

states of the cases shown in Figs .  4A to 4C,  the case where the number of CD4 25  

> 600/ l  i s  determined as  healthy.   The case where the number of  CD4 > 
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400/ l  is  determined as normal .   The case where the number of CD4 < 400/ l  

is  determined as being in  an immunocompromised state.   The case where the 

number of  CD4 < 200/ l  is  determined as  being in  a cris is  state of  immunity.   

Accordingly,  the method of  tes ting the immune state  according to the present  

embodiment is  suitable for analyzing cancer t reatment  and analyzing cases  of  5  

immunosuppression.  

[0045]  

 Next,  immune states  are analyzed based on test  resul ts  of  immune cell  

subgroups (white blood cell  subgroups)  of  two cases  other  than cancer shown in 

Fig.  5 .   Fig.  5 (A) shows test  results obtained from a patient with chronic 10  

rheumatoid arthri t is ,  and Fig.  5 (B) shows test  resul ts  obtained from a pa t ient  

with atopic dermati t is .   By analyzing these tes t  results,  the flow of the body's  

immune system and the habitus of  immunity become apparent .   Accordingly,  

the method of tes ting the immune state according to  the present  embodiment is  

sui table for  analyzing the body's  immune system such as  connect ive t issue 15  

disease and allergic disease.  

[0046]  

 In  the cases  shown in Figs.  5A and 5B, states of B cells /helper  T cells 

(CD4) > 1,  that  is ,  states  of  B cells  > helper  T cel ls  (CD4) are shown.   The 

states show the Th2 humoral immunity dominance (the deviation to  Th2 20  

humoral  immunity) .  

[0047]  

 The body's  immune system is analyzed based on the correlation of  

cel lular  immunity and humoral  immunity shown in Fig.  2 .   In  the case of  Th2 

immune abnormality ( the deviation to  Th2 humoral  immunity and the l ike) ,  25  

al lergic disease (atopic dermati t is) ,  myasthenia gravis ,  chronic active hepat i t is  
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(HBsAg(-)) ,  membranous glomerulonephrit is ,  pemphigus vulgaris ,  

hyperthyroidism or hypothyroidism, sarcoidosis  and the l ike are consid ered.  

In  addit ion,  chronic rheumatoid arthri t is ,  SLE,  urt icaria,  bronchial  asthma and 

the l ike are considered.   Further,  avian influenza,  influenza,  SARS and the 

l ike are considered.  5  

[0048]  

 In  the case of Th1 immune abnormality ( the deviation to Th1 cell ular 

immunity and the l ike) ,  contact  dermatit is ,  an early s tage of  cancer,  

tuberculosis ,  fungal infection,  vi ral  hepat i t is ,  plaque psoriasis,  multiple 

sclerosis and the l ike are considered.   In the case of  Th17 immune abnormali ty,  10  

ulcerative coli t is ,  Crohn 's  disease,  al lergic disease such as  i rr i table bowel  

disease and the l ike are considered.  

[0049]  

 Next,  a  test ing apparatus  and a program suitable for  executing the 

above-described method of  test ing are described.   The tes ting apparatus  can 15  

be constructed of an ari thmetic unit  having an ari thmetic function such as a 

personal  computer  (PC),  a  tablet  terminal,  a  PDA, a smartphone and a 

computing machine.   An embodiment of the tes ting apparatus  using a PC is  

described hereinafter with reference to Figs .  6A and Fig.  6B.  

[0050]  20  

 As shown in a s tructure chart  of  hardware shown in Fig.  6A,  a  tes ting 

apparatus  10 according to  the present embodiment  is  mainly equipped with a 

CPU (Central  Processing Unit )  11 which controls  the whole operation of the 

test ing apparatus  10, a RAM (Random Access Memory) 12 used as a work area 

of  the CPU 11,  a ROM (Read Only Memory) 13  for storing each of various 25  

kinds of programs such as  a tes ting program executed by the CPU 11,  a storage 
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unit  (memory) 14 composed of  a  recording medium such as  a nonvolati le 

semiconductor  memory (e.g. ,  a  flash memory),  an SD card and an external  hard 

disk,  a communication I/F 15 connected to a communicat ion network wiredly or  

wirelessly,  a moni tor (display u ni t ) 16, an output  uni t  17 and an input unit  18.   

These consti tuent  elements are electrical ly connected to  each other by a bus 19.  5  

Besides  them, the tes ting apparatus 10 has a component  connected to  the PC 

such as a CD-ROM drive and an external device I/F.  

[0051]  

 Next,  functions of  the tes ting apparatus  10 are described with reference 

to  a functional  block chart  shown in Fig.  6B.   As shown in Fig.  6B,  the test ing 10  

apparatus  10 includes the input  uni t  18, the s torage uni t  14, the monitor 16, the 

output  uni t  17,  and the calculation uni t  20.  

[0052]  

 The input unit  18 has  a funct ion of inputt ing test  results of blood and 

analysis  results of  the CD classi ficat ion into the calculat ion uni t  20.   As the 15  

input  unit  18, for example,  a keyboard, a  mouse,  and a touch panel  may be used.   

A medical  doctor  and the l ike can direct ly input test  results  of  blood and 

analysis  results  of  the CD classi f ication through the input  uni t  18.   In  addit ion,  

by an operation of  the input  uni t  18,  the information can be also sent to  the 

calculation uni t  20,  by downloading through the  internet  communicat ion and by 20  

copying from a USB memory and the l ike.  

[0053]  

 The storage uni t  14 has  a funct io n of  storing each kind of  information.  

In  the storage unit  14,  analysis  information on the CD classi ficat ion of  

monoclonal  ant ibodies  that  bind to surface ant igens of white blood cells ,  which 25  

is  described in  the above -described explanat ion of the method of tes ting and 
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the l ike are stored.   The monitor 16 (display unit ) has a funct ion of displaying 

each kind of information such as  a calculation resul t s  calculated  by the 

calculation unit  20 and an analysis  result .   As the monitor  16, for example,  a 

l iquid crystal  display may be used.  The output uni t  17 has a function of  

outputt ing each kind of  information such as  the calculat ion resul t s  calculated 5  

by the calculat ion unit  20 and analysis result s .   As the output unit  17,  for  

example,  a  printer  may be used.  

[0054]  

 The calculat ion unit  20 has a function of calculating the total  number of 

white blood cells  and the number of  each of  immune cel l  subgroups based on 10  

the analysis  informat ion obtained from the s torage uni t  14 and blood counts 

and test  information input ted from the input  unit  18,  by executing the 

calculation formulae as  describe above,  a  function of  analyzing an immune 

state of  a  subject  based on  a proportion of  and a change in  the numbers  of  the 

immune cel l  subgroups,  and a function of  output t ing an ana lysis  resul t .  15  

[0055]  

 The program installed in the above -described tes ting apparatus  10 is a 

program for  making a computer  execute a s tep of calculating the total  number 

of  whi te blood cel ls  serving as  immune cel ls in  the body of  a subject  and the 

number of each of immune cell  subgroups based on test  informat ion on blood 20  

counts  of  blood components  and white blood cell  images of  the subject  and 

analysis informat ion on the CD classif ication of  monoclonal  antibodies that  

bind to  surface antigens of  whi te blood cel ls  in  accordance with the calculation 

formulae as described above,  and a step of analyzing the immune state of the 

subject  based on a proportion and a change in  the numbers  of  the immune cell  25  

subgroups.   In  the present specif ication, a  program includes not only a  
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program created by a computer  programming language and instal le d in  a PC,  

but also a function created by Excel or other software,  a macro and the l ike.  

[0056]  

 By using the tes ting apparatus  10 having the above -described 

configuration , the total  number of  each of fract ions of  white blood cel ls  can be 5  

calculated in a fas t  and accurate manner by the calculation unit  20.  A medical  

doctor  and a patient  (a  subject)  can recognize the immune state visual ly and 

easily by displaying the calculation results  on the monitor  16 or  printing out 

the calculation results  by a printer  of the output  uni t  17.   In  addit ion, as 

shown in Figs .  3 to 5B, by displaying or printing out the calculat ion resul ts and 10  

the analysis  resul ts  by showing these resul ts  graphical ly or  the l ike by the 

calculation unit  20,  the change in the immune state and t he l ike can be easi ly 

perceived.   The calculat ion unit  20 makes i t  possible to  show the results  

graphical ly and to edit  a  display screen and a print  layout  in a more accurate 

and faster  manner.  15  

[0057]  

 Accordingly,  the tes ting apparatus  10 and the program according to  the 

present  embodiment  make i t  possible to  test  (analyze)  the immune s tate of  the 

subject  in a simple and inexpensive manner.   The test ing apparatus 10 and the 

program according to  the present  embodiment  is  therefore sui tably used for 20  

medical checkup and screening,  analyzing cases  of  cancer t reatment  and 

immunosuppression,  analyzing the body's immune system such as connect ive 

t issue disease and al lergic disease and the l ike.  

[0058]  

 As described above,  the method of  tes ting and the tes ting apparatus  10 25  

of the immune state according to  the present  embodiment  make i t  possible to  
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carry out  analyses  of  cancer,  diseases  related to  immunity and the l ike in  a 

simple and inexpensive manner.   As a resul t ,  i t  becomes possible to  f ind out  

various kinds of  cancer,  diseases  related to  immunity and the l ike at  an early 

stage, and to  know effects of  medicat ion, side effects of  anticancer t reatment  

and the l ike,  effects  of immunotherapy,  a state of  prognosis and the l ike,  in an 5  

easy and inexpensive manner.  

[0059]  

 As above,  the embodiments  of  the present  invent ion are described in 

detai l  by referring to the drawings,  but specif ic consti tutions are not l imited to  

the embodiments  or the examples,  and the present invention encompasses  10  

modificat ion of design to a deg ree that  does not departs from the gist  of the 

present invention.  

CROSS-REFERENCE TO RELATED APPLICATION  

[0060]  

 The present  appl icat ion claims the right  of priori ty based on Japanese 15  

Patent  Application No.  2015 -218530 fi led on November 6,  2015 before the 

Japanese Patent  Office,  of  which the whole disclosure is  completely 

incorporated by reference in  the present specif ication.  

  

  20  
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CLAIMS 

[Claim 1]  

 A method of  test ing an immune s tate ,  the method comprising:  

a  s tep of  calculat ing a total  number of  white  blood cells  serving as 

immune cel ls  in  a  body of  a  subject  and a number of  each of  immune cell  5  

subgroups based on test  informat ion on blood counts  of  blood 

components  and white  blood cel l  images of  the subject  and analysis 

information on CD class i ficat ion of  monoclonal  antibodies  that  bind to 

surface ant igens of  the white  blood cel ls ;  and 

a step of  analyzing the immune state  of  the subject  based on a 10  

proport ion and a change in the numbers  of  the immune cell  subgroups,  

wherein the step of calculating 

calculates the total  number of the whi te  blood cells  based on the 

test  information,  

calculates  a  number of  granulocytes ,  a  number of  monocytes ,  and 15  

a number of lymphocytes  in the immune cel l  subgroups based on 

the total  number of the white  blood cel ls  and the analysis 

information on the CD classi f ication,  

calculates  a number of  T cells  ,  a number of  B cells ,  a  number of  

NK cells ,  and a number of  NKT cel ls  in the lymphocytes  based 20  

on the number of  the lymphocytes  and the analysis  informat ion 

on the CD class i fication,  and 

calculates ,  based on the calculated number of  each of  the immune 

cel l  subgroup,  at  leas t  a number of  helper  T cel ls ,  a number of 

kil ler T cel ls ,  a total  number of  the NK cel ls  and the kil ler T 25  

cel ls ,  a total  number of the NKT cells  and the B cells ,  and a total   








